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About this Document

This document is an extension of the 1/O Device chapter in the Power PC Microprocessor Common Hardware Refer-
ence Platform: A System Architecture. The purpose of this document is to define architecture and minimum system re-
quirements for 1/O devices. These requirements will govern devices which may be used in CHRP systems. These
requirements are intended to be precise enough to assure application software compatibility for several operating sys-
tem environments, broad enough to cover portables through server platforms in single or multiprocessor configura
tions, and forward-looking enough to allow evolution, including 64-bit addressing.

These requirements were developed by Apple Computer, Inc., International Business Machines Corporation, and
Motorola, Inc. to define a system which is intended to become the pervasive open industry standard for single-user por-
table through multi-user server configurations. Systems built to these requirements will have PowerPC microproces-
sor(s) and will share components with the Apple® Macintosh® family and IBM compatible personal computers. These
systems will be capable of running various native operating systems. The set of operating systems anticipated to be
available includes Apple Mac™ OS, IBM AIX™, and PowerPC™ editions of Microsoft Windows NT™ Workstation
and SunSoft Solaris™. Most applications for these operating environments may be run on these systems either in
native mode or through some emulation capability. With the appropriate operating system and x86 emulation support,
these systems will be capable of running Windows™ and DOS applications.

Within the context of this document, “architecture” is defined as the specification of the interface between the hard-
ware platform and the operating systems and applications. Device drivers also use this architecture, but require addi-
tional definition of the operating system interfaces.

To the extent that firmware abstracts the hardware interface, it becomes part of the hardware. The firmware to oper-
ating system interface is defined in this architecture. Two types of firmware are discussed here. Open Firmware is the
initialization or boot code that controls the platform prior to the transfer of control to the operating system. Run-Time
Abstraction Services (RTAS) is the run-time firmware which provides abstractions to the executing operating system.
I nterfaces within the software or within the hardware are not defined in this document. Where necessary, ref erence will
be made to documents where those definitions can be found.

Within the context of this document the term “the architecture’ or “the CHRP architecture” is used to refer to the
requirements contained in the document, Power PC Microprocessor Common Hardware Reference Platform: A System
Architecture [1] and this extension, PowerPC Microprocessor Common Hardware Reference Platform: 1/0O Device
Reference [11].

Goals of this Specification
The specific goals of this specification are as follows:

«  Todocument the architecture at aregister level for native 1/O devices. Some devices are documented by man-
ufacturer neutral documents and these documents will be referred to as the source of this architectural defini-
tion. Other devices are only defined by current implementations. Where a single commonly used
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implementation exists we will document it. When several competing implementations are in current use we
will document a subset which provides some component vendor choice.

«  To create an open industry standard to be used for the implementation of PowerPC based systems. The archi-
tecture document is available to the industry and can be used by any hardware or software vendor to develop
compliant products.

«  Toallow compatible differentiation through the use of abstracted hardware interfaces, defined minimum
hardware, and extension mechanisms.

«  Toleverage existing and future industry-standard buses and interfaces. Existing bus architectures have a
proven level of performance and functionality. Established industry-standard interfaces—for example SCSl,
IDE, LocalTak®, Ethernet™, etc.— and newer bus architectures, interfaces and protocols —for example
PCI, PC Card, IrDA, etc.— provide higher levels of performance or utility not achievable by the older stan-
dards. The architecture allows platform and system designersto determine which buses, interfaces, and proto-
cols best suit their target environment.

«  To provide an architecture which can evolve as technology changes. The creators of the architecture invitein-
dustry participation in evolving future versions of it.

Audience for this Document

This document defines the architecture and system requirements for 1/O devices to be used in building PowerPC
platforms which comply with the Common Hardware Reference Platform (CHRP™). This document is the source of
information that a hardware platform, operating system, or hardware component developer would need to create com-
patible products. Additional reguirements are defined by the industry standards referenced in this document.

This document must be used by those building CHRP systems. The document describes the hardware to operating
system interface which must be provided for I/0O devices in these platforms. Platform designers must assemble compo-
nents and firmware which match thisinterface. Also, the document defines minimum 1/O device configuration require-
ments. Platform designers must meet or exceed these minimums to build a CHRP system. The operating systems
which are expected to support this architecture are listed in an appendix for the PowerPC Microprocessor Common
Hardware Reference Platform: A System Architecture [1]. Each operating system has configuration requirements
which are described in documents maintained by the owners of the operating systems. Using these requirements, a
hardware platform designer may target a configuration to support multiple operating systems.

This document must be used by those building compatible software including operating systems, device drivers,
boot software, or firmware. If a function is supported, software developers must provide support for the interfaces
described in this document. This software must provide the mandatory functions and capabilities as described in the
requirements in this document. However, this document does not limit this software from going beyond the specifica
tion through software tailored to specific hardware.

Component manufacturers will use this information to produce compatible 1/0 chips and adaptors to use on these
platforms.

Organization of this Document

The following chapters provide the detailed requirements for I/O devices to be used in compliant systems. Where ap-
propriate, references are made to other industry standards or readily available reference documentation for the required
architecture information.

Following is asummary and brief description of the chapters and appendices of this document:
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«  Chapter 1, “General Reguirements and I nformation,” on page 1 gives some requirements which apply to all
devices and acknowledges the source of some of this material.

e Chapter 2, “ISA DMA Controller,” on page 3 definesthe | SA direct memory access controller requirements
and programming model.

«  Chapter 3, “Floppy Disk Controller,” on page 31 gives the requirements for the floppy disk controller.

«  Chapter 4, “Legacy Interrupt Controller,” on page 61 sets the requirements for the interrupt controllers which
arealegacy from IBM compatible PCs.

«  Chapter 5, “Parallel Port Controller,” on page 79 defines the requirements for the parallel port.

e Chapter 6, “UART Controller,” on page 93 sets the requirements for the serial communications controller
which isalegacy from IBM compatible PCs.

e Chapter 7, “I SA Keyboard/Mouse Controller,” on page 105 specifies the requirements for the PS/2 style key-
board and mouse interface.

e Chapter 8, “Audio,” on page 113 defines configuration retirements for the audio controller.

e Chapter 9, “ESCC,” on page 115 defines requirements for the enhanced serial communications controller
which isthe Apple style serial port.

«  Chapter 10, “Apple Desktop Bus Controller,” on page 129 defines the requirements for the Apple Desktop
Bus™ controller which provides the Apple style mouse and keyboard interface.

e Section 11, “IDE Drive Controller,” on page 141 sets the requirements for the integrated device electronics
controller.

«  Chapter 12, “SCSI,” on page 147 describes the small computer system interface requirements.
«  Chapter 13, “Graphics,” on page 161 gives the requirements for the graphics subsystem.

«  Chapter 14, “Versatile I nterface Adapter (VIA),” on page 165 describes the requirements for this legacy Ap-
ple device

e Chapter 15, “Descriptor-Based DMA,” on page 171 defines the DBDMA requirements for this Apple legacy
controller.

« Appendix A, “VGA Programming Model,” on page 195 is a description of the programming model for the
video graphics array whichisan IBM PC legacy device.

« Appendix B, “Requirements Summary,” on page 237 isacomplete list of all requirements statements imbed-
ded in a chapter level table of contents. This appendix isauseful summary or check list for those implement-
ing CHRP systems.

Suggested Reading

The Bibliography provides afull list of references and ordering information for these references. Within this docu-
ment, the number of the reference in the bibliography is placed after the citation in brackets, “[nn]”.

This document assumes the reader has an understanding of computer architecture, the PowerPC microprocessor
architecture, the current PowerPC processors, Apple and IBM compatible personal computers, Peripheral Component
Interconnect (PCIl) local bus, and Open Firmware. Some understanding of the current personal computer and worksta-
tion architecturesis also useful. A list of suggested background reading includes:
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«  Computer Architecture: A Quantitative Approach [3]

»  The PowerPC Architecture: A Specification for a New Family of RISC Processors [2]. Note that this specifi-
cation is referred to as The Power PC Architecture in the body of this document.

e PowerPC 603 RISC Microprocessor User’s Manual [4]

e PowerPC 603 RISC Microprocessor Technical Summary [5]
¢ PowerPC 604 RISC Microprocessor User’s Manual [6]

e PowerPC 604 RISC Microprocessor Technical Summary [7]
»  Technical Introduction to the Macintosh Family [8]

*  PowerPC Reference Platform Specification, Version 1.1 [12]
*  PCI Local Bus Specification, Revision 2.1 [10]

« |EEE 1275, |EEE Standard for Boot (Initialization Configuration) Firmware, Core Requirements and Prac-
tices[9] and relevant bindings

Conventions Used in this Document

Within the body of this document lists of requirements are clearly defined. The convention used is to head each re-
quirements list with the word “Requirements:” in bold face type. Following this heading are one or more require-
ments. These requirements may point to other standards documents, or figures or tables which conveniently show the
requirement. The referenced material becomes part of the requirements in this document. Users of this document must
comply with these requirements to build a standard platform. Other material in this document is supportive description
of these requirements, architecture notes, or implementation notes. Architecture or implementation notes are flagged
with a descriptive phrase—for example, “Hardware Implementation Note’— and followed by indented paragraphs.
The descriptive material and notes provide no additional requirements and may be used for their information content.

Big-Endian numbering of bytesis used in this document, unless indicated otherwise.

Numbering of bits starts at zero for the least significant bit and continues to the most significant bit. Diagrams show
the most significant bit at the left.

Typographical conventions used in this document are described in Tablei on page xxvi.

Tablei. Typographical Conventions

Text Element  Description of Use

Used for emphasis such as thefirst time anew term is used. I ndicates a book ti-
tle. Indicates PowerPC instruction mnemonics. Indicates Open Firmware proper-

Italics ties, methods, and configuration variables. Indicates RTAS function and
parameter names

oxnnnn Prefix to denote hexadecimal numbers.

Obnnnn Prefix to denote binary numbers.

nnnnn Numberswithout a prefix are decimal numbers.
This hexadecimal notation represents areplication of the hexadecima character

OXE. . FEF100 to theright of the ellipsis to fill out the field width. For example, the address OxF

T ... FFF100 would be OxFFFFF100 on aprocessor with a 32-bit address bus or

OxFFFFFFFFFFFFF100 on a processor with a 64-bit address bus.

09 Ranges of bits are specified by two numbers separated by acolon. Therangein-

cludes the first number, dl numbers in between, and the last number.
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Table i. Typographical Conventions (Continued)

Text Element  Description of Use

A range of addresses or values within the document is aways inclusive, from m

Oxm-0xn up to and including n.

Within this document each register is described using atable in the format of Tableii on page xxvii. Within this table
the first column gives the size in bytes of the register. The second column gives the type of addressing either “Direct”,
“Indirect”, “ Sequenced”, or “Mode Selected”. The third column gives the Open Firmware “reg” property which gives
the base address of a set of registers. The fourth column, “Offset Address’ is the register offset from the base address
given by the reg property. The fifth column gives the register read and write characteristics as viewed by the software.
The sixth column gives the initial value in the register when Open Firmware passes control to the operating system.
The last column gives the value to which the register is reset, if software invokes a reset of that device. For those
devices which can not be reset by software, thiscolumnis “N/A”

Table ii. Register Characteristics
Register Register Associated Offset Read/Write Valuein Register when  SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Value
1byte Direct reg[1] 0x00 Read/Write 0x00 0x00

Each chapter has a table similar to Table iii on page xxvii which indicates that a particular device is required or
optiona in aconfiguration for different platform types. The table does not indicate that the architecture is optional. If a
deviceis present, then the architecture must be as described in this CHRP 1/O document. This short table in each chap-
ter is excerpted from Table 2 on page 19 in the PowerPC Microprocessor Common Hardware Reference Platform: A
System Architecture [1]. An explanation of this table and the symbols used in it is given in Section 2.5.1, “Table
Description,” on page 17 in the PowerPC Microprocessor Common Hardware Reference Platform: A System Architec-
ture [1] document. For convenience, the legend used in the table is repeated below:

* R:Required.

« R*: Entries categorized as R* denote specifications from which platform vendors may choose one or more to
satisfy the requirement. All R* specifications are supported by portable and personal CHRP operating sys-
tems.

«  O: Optional (refer to the definition of optional given in Section 2.6, “Options and Extensions,” on page 20).

e M: Required for systems designed to run Apple Mac OS.

Table iii.  Minimum Requirements for Alphanumeric Input Device and Pointing Device
Q ©
- g S o -
Subsystem Specification £ 2 Description
5 k5
Alphanumeric Input R R (e] Servers do not require akeyboard for normal operation,
Device PS/2Keyboard inter- R* R* (e] however ameans to attach an A/N I nput Device must be
face provided; an ASCI| terminal is aexample of such adevice.
ADB R* R* (e] Keyboards must be capable of generating at least 101
Terminal (0] o o scan codes.
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Table iii. Minimum Requirements for Alphanumeric Input Device and Pointing Device (Continued)
< ©
R ke & o -
Subsystem Specification s 1 Description
5 kB
Pointing Device R R (e] If aplatform includes akeyboard, it must also include a
2 buttons R R (e] pointing device with the functionality of &t |east a 2-button
PS/2 interface (see R* R* (e] mouse
note 1)
ADB R R O
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General Requirements and
Information

This chapter contains any requirements which apply to all devices contained in this document.

1.1 General Requirements
Requirements:

1-1. Theinterfaces define in this document must not be accessed by RTAS or marked as used-by-rtas with two
exception asfollows:

a. Any RTAS service that does not return to the operating system may access any interface.

b. Theinterfacesin Chapter 13, “Graphics,” on page 161 may be accessed by the RTAS display-charac-
ter function, if the graphicsinterface in the Open Firmware device tree node does not contain the
used-by-rtas property, but is the device indicated by the rtas-display-device property.

1-2. If theimplementation of the devices in this document have additional registers which are not part of the
programming model given in this document, then these registers must not be required for correct operation
of the device by the operating system and they must all be declared in the Open Firmware device tree to
prevent other devices from being assigned to their addresses.

1-3.  Any controller not contained on standard adaptor cards for their 1/0 bus must have the builtin property.

1.2 Credit for Material

Some material in this specification has been copied from documentation describing existing components. Credit for
this material is given in the following section.

1.2.1 From National Semiconductor Corporation

Material in some chapters was copied from National Semiconductor PC87308VUL Superl/O™ Enhanced
Sdewinder Lite Plug and Play Compatible Chip, with a Floppy Disk Controller, a Keyboard Controller, a Real-Time
Clock, Two UARTs, Full Infrared Support and an IEEE1284 Parallel Port [24]. and was reprinted with permission of
National Semiconductor Corporation.

National Semiconductor asked that the following Life Support Policy be included.
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTSIN LIFE SUP-
PORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF
NATIONAL SEMICONDUCTOR CORPORATION.

Asused herein:

1. Lifesupport devices or systems are devices which (a) are intended for surgical implant into the body, or (b)
support or sustain life, and whose failure to perform, when properly used in accordance with instructions for
use provided in the labeling, can be reasonably expected to result in asignificant injury to the user.

2. A critical component isany component of alife support device or system whose failure to perform can be
reasonably expected to cause the failure of the life support device or system, or to affect its safety or effec-
tiveness.



ISA DMA Controller

2.1 Minimum System Requirements
The Direct Memory Access (DMA) controller allows I/O devices to transfer data directly to and from memory. The

minimum system requirements are shown in Table 1 on page 3, which is an excerpt from PowerPC Microprocessor
Common Hardware Reference Platform: A System Architecture [1].

Tablel. Summary of Minimum Requirements for ISA DMA (excerpt)

_ - R
Subsystem Specification i 2 Description
5k 5
Direct Memory Ac-  ISA R R R [20] 1 SA DMA must be 82378ZB compatible.
cess (DMA)

Logically, the DMA Controller is actually two controllers designated DMA Controller 1 and DMA Controller 2 as
shown in Figure 1 on page 3. When DMA Controller 1 is controlling DMA transfers, channels 0-3 are capable of 8 bit
count by byte transfers. When DMA Controller 2 is controlling DMA transfers, channels 5-7 are capable of 16 bit
count by word (2 byte) transfers. (I SA bus masters are not aff ected by those restrictions.) Channel 4 is used for cascad-
ing DMA Controller 1to DMA Controller 2 and is unusable for data transfer with an | SA slave device.

There are two modes of operation for the DMA transfers. Scatter/Gather mode and DMA mode. In DMA mode, all
the control information necessary for the DMA controller to make a transfer is programmed into the DMA controller’s
registers. This means that a single buffer can be transferred on a given DMA channel before host processor service is
required. I n Scatter/Gather mode (abbreviated S/G mode), software builds a list of Scatter/Gather Descriptors (SGD's)
in system memory and provides a pointer to the DMA controller that gives the start of the list. Software then issues
commands to start and stop the processing of the SGD list by the DMA controller.

| CHO
DMA | CH1
Controller -—— CH2
CH4 1 — CH3

DMA
Controller CH5

2 CH6
CH7

A

Figurel. Cascaded DMA Controllers
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Requirements:
2-1. AnISA DMA Controller must be compatible with the Intel 82378ZB System I/O (Sl O), except as noted in
the following requirements in this chapter.

2-2. Thisdevice (ISA DMA Controller) must be addressed only with 1 SA /O addresses.

2.2 References

3. Intel 82378ZB System 1/0 (SIO) Specification [20]
4. SL82C565 System /O Controller With PCI Arbiter, from Winbond Systems L aboratory [21]

5. CHRP ISA DMA Controller Device Binding to IEEE 1275-1994 Sandard for Boot (Initialization, Configura-
tion) Firmware [22]

2.3 ISA DMA Controller Open Firmware Properties

Requirements:

2-3. This device must be represented by the Open Firmware properties “name=dma-controller,
device_type=dma-controller, compatible= chrp,dma’.

2-4. This device must have the Open Firmware properties defined in CHRP 1SA DMA Controller Device
Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware.

2-5.  Theregisters shown in Table 2 on page 5, Register Map for ISA DMA Device, must all be present in the
device defined in this chapter.

2-6. All thereg property fields specified in Table 2 on page 5 must comply with the format given in the | SA Bus
Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware.

2—7. Thisdevicemust be represented as an | SA device and a child of an | SA bridge node in the Open Firmware
devicetree.
The positionsin the reg property (denoted by reg[1], reg[2], etc.) and the value of the sizefields are stated in Table 2
on page 5. The format is described in the referenced Open Firmware bindings and not repeated in this document.
The | SA DMA Controller register map and Reg properties are shown below in Table 2 on page 5.
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ISA DMA Controller Open Firmware Properties

Table2. Register Map for ISA DMA Device

Traditiona Register
Offset ISA /O l
Address Read Write Reg Property
ChO Current Addr Reg (CAQ) ChO Current Addr Reg (CAO0)
0x00 0x0000
ChO Base Addr Reg (BAO)
ChO Current Cnt Reg (CCO ChO Current Cnt Reg (CCQ
0x01 0x0001 °9 (€CO 09 (€CO
ChO Base Cnt Reg (BC0)
Ch1 Current Addr Reg (CA1) Ch1 Current Addr Reg (CA1)
0x02 0x0002
ChlBase Addr Reg (BA1)
Ch1 Current Cnt Reg (CC1, Ch1 Current Cnt Reg (CCL
03 0K0003 eg (CCY) eg (CCY)
Ch1 Base Cnt Reg (BC1)
Ch2 Current Addr Reg (CA2) Ch2 Current Addr Reg (CA2)
0x04 0x0004
Ch2 Base Addr Reg (BA?2)
Ch2 Current Cnt Reg (CC2 Ch2 Current Cnt Reg (CC2
005 0X0005 eg (CC2) eg (CC2)
Ch2 Base Cnt Reg (BC2)
Ch3 Current Addr Reg (CA3) Ch3 Current Addr Reg (CA3)
0x06 0x0006
Ch3 Base Addr Reg (BA3)
Ch3 Current Cnt Reg (CC3 Ch3 Current Cnt Reg (CC3
0x07 0x0007 e (CC9 09 (CC9
Ch3 Base Cnt Reg (BC3)
DMA 1 Status DMA 1 Command Register reg[1],Size=16 bytes
0x08 0x0008 Register (DS1) (DCOM1)
DMA 1 Request
0x09 0x0009 Register (DR1)
DMA 1 Write Single Bit Mask
Ox0A 0x000A Register (WSM1)
DMA 1 Channel Mode
0x08 0x0008 Register (DCM1)
DMA 1 Clear Byte Pointer Regis-
0xoC 0x000C ter (CBP1)
0x0D 0x000D DMA 1 Master Clear (DMC1)
DMA 1 Clear Mask Register
OXOE 0x000E (DCLM1)
DMA 1 Write All Mask Register
OXOF 0x000F (WAM1)
0x00 0x0080 Reserved
CH2 Current Low Page Register CH2 Current Low Page Register
(CLOP2 (CLOP2)
0x01 0x0081
CH2 Base Low Page Register
(BLOP2)
CH3 Current Low Page Register CH3 Current Low Page Register
(CLORR) (CLOP3)
0x02 0x0082
CH3 Base Low Page Register
(BLOP3)
CH1 Current Low Page Register CH1 Current Low Page Register
(CLOPY) (CLOPY)
0x03 0x0083

CH1 Base Low Page Register
(BLOPY)
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Table2. Register Map for ISA DMA Device (Continued)

Traditiona Register
Offset ISA1/O0 .
Address Write Reg Property
0x04 0x0084 Reserved
0x05 0x0085 Reserved reg[2],Size=16 bytes
0x06 0x0086 Reserved
CHO Current Low Page Register CHO Current Low Page Register
(CLOPO) (CLOPO)
0x07 0x0087
CHO Base Low Page Register
(BLOPO)
0x08 0x0088 Reserved
CH6 Current Low Page Register CH6 Current Low Page Register
(CLOP®) (CLOPS6)
0x09 0x0089
CH6 Base Low Page Register
(BLOP®6)
CH7 Current Low Page Register CH7 Current Low Page Register
CLO CLOP
Ox0A 0x008A ( i ( 7
CH7 Base Low Page Register
(BLOP?)
CH5 Current Low Page Register CH5 Current Low Page Register
(CLOP5) (CLOPS)
0x0B 0x008B
CH5 Base Low Page Register
(BLOPS)
0x008C-
0x0C-0x0E OXO08E Reserved
OxOF 0x008F Reserved
0x00 0x00CO Reserved
0x01 0x00C1 Reserved
0x02 0x00C2 Reserved
0x03 0x00C3 Reserved
Ch5 Current Addr Reg (CA5) Ch5 Current Addr Reg (CA5)
0x04 0x00C4
Ch5 Base Addr Reg (BA5)
0x05 0x00C5 Reserved
Ch5 Current Cnt Reg (CC5 Ch5 Current Cnt Reg (CC5
0x06 0x00C6 °9 (€C9 09 (CC9
Ch5 Base Cnt Reg (BC5)
0x07 0x00C7 Reserved
Ch6 Current Addr Reg (CA6) Ch6 Current Addr Reg (CA6)
0x08 0x00C8
Ch6é Base Addr Reg (BA6)
0x09 0x00C9 Reserved
Ch6 Current Cnt Reg (CC6) Ch6 Current Cnt Reg (CC6)
Ox0A 0x00CA
Ché Base Cnt Reg (BC6)
0x0B OX00CB  Reserved regl3], Size=32 bytes
Ch7 Current Addr Reg (CA Ch7 Current Addr Reg (CA7,
0xoC 0x00CC 9 (CAD o9 )
Ch7 Base Addr Reg (BA7)
0x0D 0x00CD Reserved
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Table2. Register Map for ISA DMA Device (Continued)

Traditiona Register
Offset ISA I/O .
Address Read Write Reg Property
Ch7 Current Cnt Reg (CC Ch7 Current Cnt Reg (CC
OxOE 0x00CE = (CC7) % (CC7)
Ch7 Base Cnt Reg (BC7)
OxOF 0x00CF Reserved
) DMA 2 Command Register
0x10 0x00D0 DMA 2 Status Register (DS2) (DCOM2)
Ox11 0x00D1 Reserved
0x12 0x00D2 DMA 2 Request Reg (DR?2)
0x13 0x00D3 Reserved
DMA 2 Write Single Bit Mask
Oc14 0x00D4 Register (WSM2)
0x15 0x00D5 Reserved
DMA 2 Channel Mode
0x16 0x00D6 Register (DCM2)
ox17 0x00D7 Reserved
DMA 2 Clear Byte Pointer Reg
0x18 0x00D8 (CBP2)
0x19 0x00D9 Reserved
DMA 2 Master Clear Register
Ox1A 0x00DA (DMC2)
0x1B 0x00DB Reserved
0x1C 0x00DC DMA 2 Clear Mask (DCLM?2)
0x1D 0x00DD Reserved
Ox1E 0x00DE DMA 2 Write All Mask (WAM2)
Ox1F Ox00DF Reserved
Scatter/Gather Interrupt Status reg[4], Size=1byte
0x00 0x040A Register (SGIS)
DMA 1 Extended Mode Register reg[5], Size=1 byte
0x00 0x040B (DCEM1)
CHO Scatter/Gather Command
0x00 0x0410 (SGCO)
CH1 Scatter/Gather Command
0x01 0x0411 (SGC1)
CH2 Scatter/Gather Command
0x02 0x0412 (SGC2)
CH3 Scatter/Gather Command
0x03 0x0413 (SGC3)
0x04 0x0414 Reserved
CH5 Scatter/Gather Command
0x05 0x0415 (SGCH)
CH®6 Scatter/Gather Command
0x06 0x0416 (SGCH)
CH?7 Scatter/Gather Command
0x07 0x0417 (SGC)
Ox08 00418 CHO Scatter/Gather Status

(SGS0)
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Table2. Register Map for ISA DMA Device (Continued)

Traditiona Register
Offset ISA1/O0 .
Address Write Reg Property
CH1 Scatter/Gather Status
0x09 0x0419 (SGS1)
CH2 Scatter/Gather Status reg[6], Size=48 bytes
Ox0A 0x041A (SGS2)
CHS3 Scatter/Gather Status
0x0B 0x041B (SGSY)
0x0C 0x041C Reserved
CH5 Scatter/Gather Status
0x0D 0x041D (SGS5)
CH6 Scatter/Gather Status
OXOE Ox041E (SGS6)
CH?7 Scatter/Gather Status
OxOF 0x041F (SGS7)
0x0420- ) .
0x10-0x13 0x0423 CHO Scatter/Gather Descriptor Table Pointer (SGPTRO)
0x0424- . .
0x14-0x17 Ox0427 CH1 Scatter/Gather Descriptor Table Pointer (SGPTR1)
0x0428- . .
0x18-0x1B OX0428 CH2 Scatter/Gather Descriptor Table Pointer (SGPTR2)
0x1C-Ox1F gigjgg CH3 Scatter/Gather Descriptor Table Pointer (SGPTR3
0x0430-
0x20-0x23 0x0433 Reserved
0x0434- . .
0x24-0x27 0x0437 CH?5 Scatter/Gather Descriptor Table Pointer (SGPTR5)
0x0438- . .
0x28-0x2B Ox043B CH6 Scatter/Gather Descriptor Table Pointer (SGPTR6)
0x043C- . .
0x2C-0x2F OX043F CH?7 Scatter/Gather Descriptor Table Pointer (SGPTR?)
CH 2 Current High Page Register CH 2 Current High Page Register
(CHIP2) (CHIP2)
0x00 0x481
CH 2 Base High Page Register
(BHIP2)
CH 3 Current High Page Register CH 3 Current High Page Register
(CHIP3) (CHIP3)
0x01 0x482
CH 3 Base High Page Register
(BHIP3)
CH 1Current High Page Register CH 1 Current High Page Register
(CHIPL) (CHIPL)
0x02 0x483
CH 1 Base High Page Register
(BHIPL)
0x484-
0x03-0x05 0x486 Reserved
CH 0 Current High Page Register CH 0 Current High Page Register !
(CHIPO) (CHIPO) reg[7], Size=11 bytes
0x06 0x487
CH 0 Base High Page Register
(BHIPO)
0x07 0x488 Reserved
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Table2. Register Map for ISA DMA Device (Continued)

Traditiona Register
Offset ISA /O .
Address Read Write Reg Property
CH 6 Current High Page Register CH 6 Current High Page Register
(CHIP®) (CHIP6)
0x08 0x489
CH 6 Base High Page Register
(BHIP6)
CH 7 Current High Page Register CH 7 Current High Page Register
(CHIPY?) (CHIP?)
0x09 Ox48A
CH 7 Base High Page Register
(BHIP7)
CH 5 Current High Page Register CH 5 Current High Page Register
(CHIPS) (CHIPS5)
Ox0A 0x48B
CH 5 Base High Page Register
(BHIPS5)
0x00 0x4D6 DMA 2 Extended Mode Register reg[8], Size=1 byte

(DCEM2)

2.4 DMA Channel Registers

2.4.1 Current Address Register 0 (CAO)

Table3. Current Address Register 0 (CA0) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS

2 byte Indirect reg[1] 0x00 Read/Write undefined N/A

DMA Channel 0 has a 16 bit Base Address Register, BAO, and a 16 bit Current Address Register, CAO. The CAOis
described here. CAO contains the address the DMA channel is currently using. It is used for both scatter/gather and
DMA operations. Before writing to this register, the DMA Clear Byte Pointer Register (Section 2.5.15, “DMA 1 Clear
Byte Pointer Register (CBP1),” on page 23) must be written to reset an internal flip flop that prepares this 16 bit regis-
ter for two successive byte writes. CAO and BAO are located at the same address. CAO is incremented or decremented
with each transfer depending on the DMA channel 0 mode settings. BAO stores the initial value of CAO (Section 2.4.3,
“Base Address Register 0 (BAO),” on page 10). CAO isautoinitialized back to its starting value after aterminal count,
TC, if autoinitialize mode is set in the DMA Channel Mode Register 1 ( Section 2.5.3, “DMA 1 Channel Mode Regis-

ter (DCM1),” on page 16.)

Table4. Current Address Register (CA0)
Bit Function
15.8 High or der addr ess byte: This isthe second byte written after aDMA Clear Byte Pointer
command.
7.0 Low order addressbyte: Thisisthefirst byte written after aDMA Clear Byte Pointer com-

mand
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2.4.2 Current Address Registers (CA1-CA7)

Current Address Registers 1-7, CA1-CA7, are identical to Current Address Register 0 (Section 2.4.1, “Current
Address Register 0 (CA0),” on page 9) with the following exceptions:

1. they areassociated with the other DMA channels asindicated by their numeric suffix (i.e. CA5isthe Current
Address Register for DMA channel 5). They have unique addresses as shown in Table 2 on page 5

2. The address programmed into CA5-CA7 must be an even address that has been shifted right by one bit. The
High Page register (Section 2.4.13, “ Current High Page Register 0 (CHIP0),” on page 13) and L ow Page reg-
ister (Section 2.4.9, “Current Low Page Register 0 (CLOPQ),” on page 12) are not shifted by software. Asan
example, for address Ox1FE, the address programmed into the Current Address register is OxFF.

2.4.3 Base Address Register 0 (BAO)

Table5. Base Address Register 0 (BAQ) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
2 byte Indirect reg[1] 0x00 Write Only undefined N/A

DMA Channel 0 has a 16-bit Base Address Register, BAO, which stores the initial value of CAO for DMA opera-
tions. Before writing to this register, the DMA Clear Byte Pointer Register must be written to reset an internal flip flop
that prepares this 16 bit register for two successive byte writes (Section 2.5.15, “DMA 1 Clear Byte Pointer Register
(CBP1),” on page 23). CAO and BAO are located at the same address. For DMA operations, BAO is used to reload the
starting value for CAOQ after aterminal count, TC, if autoinitialize mode is set in the DMA Channel Mode Register 1
(Section 2.5.3, “DMA 1 Channel Mode Register (DCM1),” on page 16). During scatter/gather operations, the DMA
controller loads a reserve buffer into BAO.

Table 6. Base Address Register (BAO)

Bit Function

High or der addr ess byte: thisis the second byte written after aDMA Clear Byte Pointer

15-8
command.

Low order address byte: Thisisthefirst byte written after aDMA Clear Byte Pointer com-

-0 mand

2.4.4 Base Address Registers 1-7 (BA1-BA7)

Base Address Registers 1-7, BA1-BA7, are identical to Base Address Register O (Section 2.4.3, “Base Address Reg-
ister 0 (BAO),” on page 10) with the following exceptions:

1. they are associated with the other DMA channels as indicated by their numeric suffix (i.e. BA5 isthe Base
Address Register for DMA channel 5). They have unique addresses as shown in Table 2 on page 5

2. Theaddress programmed into BA5-BA7 must be an even address that has been shifted right by one bit. The
High Page register (1.3.13 on page 12) and Low Page register (1.3.9 on page 11) are not shifted by software.
Asan example, for address Ox1FE, the address programmed into the Base Address register is OXFF.
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2.4.5 Current Count Register 0 (CCO0)

Table 7. Current Count Register 0 (CCO) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
2 byte Indirect reg[1] 0x01 Read/Write undefined N/A

DMA Channel 0 has a 16 bit Current Count Register, CCO, and a 16 bit Base Count Register 0, BCO. CCO is
described here. It contains the “ number of bytesto be transferred - 1”. It is used for both scatter/gather and DMA oper-
ations. Before writing to thisregister, the DMA Clear Byte Pointer Register must be written to reset an internal flip flop
that prepares this 16 bit register for two successive byte writes ( Section 2.5.15, “DMA 1 Clear Byte Pointer Register
(CBP1),” on page 23). CCO and BCO are located at the same address. CCO is decremented with each transfer. BCO is
write only and stores the initial value of CCO (Section 2.4.7, “Base Count Register 0 (BCO),” on page 12). When CCO
goes from 0x0000 to OxFFFF a terminal count, TC, is generated. If autoinitialize mode is set in the DMA Channel
Mode Register 1 (Section 2.5.3, “DMA 1 Channel Mode Register (DCM1),” on page 16) CCO is autoinitialized to Base
Count Register 0 (Section 2.4.7, “Base Count Register 0 (BC0),” on page 12) after a TC. During scatter/gather mode
operations, CCO contains the 16 bits of the current byte count.

Table8. Current Count Register (CCO)

Bit Function
15-8 High or der byte
7-0 Low order byte

2.4.6 Current Count Registers 1-7 (CC1-CC7)

Current Count Registers 1-7, CC1-CC7, are identical to Current Count Register O (Section 2.4.5, “Current Count
Register 0 (CCO0),” on page 11) with the following exceptions:

1. they are associated with the other DMA channels as indicated by their numeric suffix (i.e. CC5 isthe
Current Count Register for DMA channel 5). They have unique addresses shown in Table 2 on page 5

2. CClthrough CC3initially contain the number of bytesto be transferred -1, and decrement with each
byte transferred. Note: some hardware designs may alow CC1 through CC3 to count word (16-bit)
transfers. The architecture only requires them to count byte transfers.

3. CC5through CC7 initially contain the number of words (16 bits) to be transferred - 1, and decrement
with each word transferred. Note: some hardware designs may allow CC5 through CC7 to count byte
transfers. The architecture only requires them to count word transfers.

4. DMA Channel Mode Register 2 controls autoinitialize for channels 5-7.
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2.4.7 Base Count Register 0 (BCO)

Table9. Base Count Register (BCO) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
2 byte Indirect reg[1] 0x01 Write Only undefined N/A

DMA Channel 0 has a 16 bit Base Count Register 0, BCO. The “number of bytes to be transferred-1" is programmed
into BCO. It is used for both DMA and scatter/gather operations. Before writing to this register, the DMA Clear Byte
Pointer Register (Section 2.5.15, “DMA 1 Clear Byte Pointer Register (CBP1),” on page 23) must be written to reset
an internal flip flop that prepares this 16 bit register for two successive byte writes. CCO and BCO are located at the
same address. BCO is write only and stores the initial value of CCO (Section 2.4.5, “Current Count Register 0 (CCO0),”
on page 11). In scatter/gather mode, BCO is used to store a reserve buffer.

Table 10. Base Count Register (BCO)

Bit Function
15-8 High or der byte

7-0 Low order byte

2.4.8 Base Count Registers 1-7 (BC1-BC7)

Base Count Registers 1-7, BC1-BC7, are identical to Base Count Register 0 (Section 2.4.7, “Base Count Register 0
(BCO0),” on page 12) with the following exceptions:

1. they are associated with the other DMA channels as indicated by their numeric suffix (i.e. BC5 isthe
Base Count Register for DMA channel 5). They have unique addresses shown in Table 2 on page 5.

2. BC1through BC3 contain the number of bytesto be transferred-1. Note: some hardware designs may al-
low BC1-BC3 to contain the number of words (16 bits) to be transferred. The architecture only requires
them to handle bytes.

3. BC5through BC7 contain the number of wordsto be transferred. Note: some hardware designs may a-

low BC5-BC7 to contain the number of bytesto be transferred. The architecture only requires them to
handle words.

2.4.9 Current Low Page Register 0 (CLOPO)

Table 11. Current Low Page Register 0 (CLOPO) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS

1 byte Direct reg[2] 0x07 Read/Write undefined N/A
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Each DMA channel has a Current Low Page Register, Base Low Page Register, Current High Page Register and
Base High Page Register. The Current Low Page Register 0, CLOPO, provides the second most significant byte, bits
23-16, of the 32 bit current address for both DM A and Scatter/Gather (S/G) transferson DMA channel 0. If the Current
Address Register 0, CAO, overflows or underflows during a S/G transfer, the CL OPO register must be incremented or
decremented accordingly. CLOPO need not increment/decrement during a DMA operation, although some hardware
designs may alow it. The Current Low Page Register, CLOPO, and the Base Low Page Register, BLOPO (Section
2.4.11, “Base Low Page Register 0 (BLOPQ),” on page 13), are at the same address and are written concurrently.

2.4.10 Current Low Page Register 1-7 (CLOP1-CLOP?7)

Current Low Page Registers 1-7, CLOP1-CLOP7, areidentical to Current Low Page Register 0 (Section 2.4.9, “ Cur-
rent Low Page Register 0 (CLOPO),” on page 12) with the exception they are associated with the other DM A channels
as indicated by their numeric suffix (i.e. CLOPS is the Current Low Page Register for DMA channel 5). They have
unique addresses as shown in Table 2 on page 5.

2.4.11 Base Low Page Register 0 (BLOPO)

Table12. BaseLow Page Register 0 (BLOPO) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[2] 0x07 Write Only undefined N/A

Each DMA channel has a Base Low Page Register which holds the initial value programmed into its Current Low
Page Register. Base Low Page Register 0, BLOPQ, is the Base Low Page Register for channel 0. If autoinitialize is
enabled in the DMA Channel Mode register (Section 2.5.3, “DMA 1 Channel Mode Register (DCM1),” on page 16),
BLOPO s copied into CLOPO after a Terminal Count (TC). During a scatter/gather operation, BLOPO is used to hold a
reserve buffer.

2.4.12 Base Low Page Register 1-7 (BLOP1-BLOP?7)

Base Low Page Registers 1-7, BLOP1-BLOP7, are identical to Base Low Page Register 0 (Section 2.4.11, “Base
Low Page Register 0 (BLOPO),” on page 13) with the exception they are associated with the other DMA channels as
indicated by their numeric suffix (i.e. BLOP5 is the Base Low Page Register for DMA channel 5). They have unique
addresses as shown in Table 2 on page 5

2.4.13 Current High Page Register 0 (CHIPO)

Table13. Current High Page Register O (CHIPO) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated
Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS

1 byte Direct reg[7] 0x06 Read/Write undefined N/A
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Each DMA channel has a Current Low Page Register, Base Low Page Register, Current High Page Register and
Base High Page Register. The Current High Page Register 0, CHIPO, provides the most significant byte, bits 31-24, of
the 32 bit current address for both DMA and Scatter/Gather (S/G) transfers on DMA channel 0. If the Current Low
Page Register 0, CLOPO, overflows or underflows during a S/G transfer, the CHIPO register must be incremented or
decremented accordingly. CHIPO need not increment/decrement during a DMA operation, although some hardware de-
signs may allow it. The Current High Page Register, CHIPO, and the Base High Page Register, BHIPO (2.4.15 on page
14), are at the same address and are written concurrently.

CHIPO is set to 0x00 after the Low Page Register (2.4.9 on page 12) is programmed. CHIPO must be programmed
after the Low Page Register.

2.4.14 Current High Page Register 1-7 (CHIP1-CHIP7)

Current High Page Registers 1-7, CHIP1-CHIP7, are identical to Current High Page Register 0 (2.4.13 on page 13)
with the exception they are associated with the other DMA channels as indicated by their numeric suffix (i.e. CHIP5is
the Current High Page Register for DMA channel 5). They have unique addresses as shown in Table 2 on page 5

2.4.15 Base High Page Register 0 (BHIPO)

Table 14. Base High Page Register 0 (BHIPO) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[7] 0x06 Write Only Undefined N/A

Each DMA channel has a Base High Page Register which holds the initial value programmed into its Current High
Page Register. Base High Page Register 0, BHIPO, is the Base High Page Register for channel 0. If autoinitialize is en-
abled in the DMA Channel Mode register (2.5.3), BHIPO is copied into CHIPO after a Terminal Count (TC). During a
scatter/gather operation, BHIPO is used to hold areserve buffer.

2.4.16 Base High Page Register 1-7 (BHIP1-BHIP7)

Base High Page Registers 1-7, BHIP1-BHIP7, are identical to Base High Page Register 0 (2.4.15 on page 14) with
the exception they are associated with the other DMA channels as indicated by their numeric suffix (i.e. BHIP5 isthe
Base High Page Register for DMA channel 5). They have unique addresses as shown in Table 2 on page 5.
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2.5 DMA Controller Registers

2.5.1 DMA 1 Command Register (DCOM1)

Table15. DMA 1 Command Register (DCOM 1) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS
1 byte Direct reg[1] 0x08 Write Only 0x00 0x00

See25.17and 25.18

This write-only register controls the configuration of DMA Controller 1 which controls DMA channels 0-3. DMA
Controller 1 is cascaded through DMA channel 4 of DMA Controller 2. It is cleared by a hardware reset or a write to
the Master Clear register described in Section 2.5.17, “DMA 1 Master Clear Register (DMC1),” on page 24.

Table 16. DMA Command Register

Bit Function
Set to 0. In some hardware implementations, bit 7 isthe DACK# assert level. This bit deter-

! mined the polarity of the DACK# signal presented to thel SA bus.
Set to 0. In some hardware implementations, bit 6 is the DREQ assert level. This bit deter-
6 mined how signas from the |SA DREQ line are decoded and recognized by the ISA DMA
controller.
5 Reserved, set to 0.

DMA Group Arbitration Priority: Channel groups are assigned either fixed or rotating ar-
bitration priority. When PCIRST# is asserted, this bit assumes avalue of 0 and the channel

4 group controlled by DMA controller 1 (channels 0-3) isinitidized to fixed priority. When
this bit is set to 1, this channel group is assigned rotating priority.

3 Reserved, set to 0.

DMA Channel Group Enable: When a 1 iswritten to this bit, the channel group including
2 DMA channels 0-3is disabled.
1-0 Reserved, setto 0

Requirements:
2-8. ForISA DMA, the DACK# signal must be active low.

2-9. ForISA DMA, the DREQ signal must be active high.
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2.5.2 DMA 2 Command Register (DCOM2)

Table17. DMA 2 Command Register (DCOM2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[3] 0x10 Write Only 0x00 0x00

See25.17and 25.18

DMA Command Register 2, DCOM2, is identical to the DMA Command Register 1, DCOM 1, with the following
differences:

1. DCOM2 controls channels 4-7whereas DCOM 1 controls channels 0-3.

2. Setting bit 2in DCOM2, DMA Channel Group Enable, will disable DMA controller 1 which is controlled by
DCOM 1. Setting bit 2in DCOM2 will disable DMA channels0-3 and 4-7.

2.5.3 DMA 1 Channel Mode Register (DCM1)

Table18. DMA 1 Channel Mode Register (DCM1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Indirect reg[1] 0x0B Write Only Undefined N/A

Each DMA channel hasa DMA Channel Mode Register. The channel mode registers for channels 0-3 are accessed
through DCM1. Bits 1-0 of DCM1 select one of four channels. The value of the DMA Channel Select, bits 1-0, deter-
mines which channel mode register bits 7-2 are written to. Writing to DCM1 sets the DMA transfer type, transfer
mode, address increment/decrement and autoinitialization for the selected channel.

Table19. DMA Channel Mode Register

Bit Function

DMA Transfer Mode:
00 = Demand Mode
7-6 01=SingleMode
10=Block Mode
11=Cascade Mode

5 Addr essIncrement/Decr ement Select. O=increment, 1=decrement.

Autoinitialize Enable: When this bitis 1, the DMA controller loads the current low page,
current high page, current address and current count information from their respective base
registers following a terminal count, TC. When this bit is 0, these registers will not be re-
stored after a TC.

DMA Trandfer Type
00=Verify Transfer

32 01=Write Transfer
10=Read Transfer
11-Illegal
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Table19. DMA Channel Mode Register (Continued)

Bit Function

DMA Channel Select
00=Channel 0(4)

1-0 01=Channel 1 (5)
10=Channel 2 (6)
11=Channel 3(7)

2.5.4 DMA 2 Channel Mode Register (DCM2)

Table20. DMA 2 Channel Mode Register (DCM2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS
1 byte Indirect reg[3] 0x16 Write Only Undefined N/A

Thisregister isidentical to the DCM1 with the following two differences:

1. DCM2 controls channels 4-7 whereas DCM 1 controls channels 0-3.

2. TheDMA Channel Mode Register for channel 4 (indirectly addressed through DCM2) must be set to cascade
mode since this channel is used as the cascade for channels 0-3.

2.5.5 DMA 1 Extended Mode Register (DCEM1)

Table21. DMA 1 Extended Mode Register (DCEM1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contra to OS
1byte Indirect reg[5] 0x00 Write Only 0b000000X X N/A

Each channel has a DMA Extended Mode Register. This register is used to program DMA timing modes. Bits [1:0]
select the appropriate Channel Extended M ode Register. DCEM1 is used for channels 0-3. DMA 2 Channel Extended
M ode Register (DCEM?2) described in Section 2.5.6, “DMA 2 Extended Mode Register (DCEM2),” on page 19 is used

for channels 5-7.

Table22. DMA Extended Mode Register

Bit Function
7 Must be 0.

Must be 0. Was TC (EOP) Input/Output Selection in some hardware designs: The architec-
6 ture only reguires TC to be an output of the ISA DMA controller.

5-4 DMA Cycle Timing Mode. See Table 23 on page 18
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Table22. DMA Extended Mode Register (Continued)

Bit Function
Addressng Mode
32 Must be set to 0b00 for channels 0-3. (8-bit count by byte addressing mode)

Must be set to 0b01 for channels 5-7 (16-bit count by word addressing mode)

DMA Channel Select
00=Channel 0

1-0 01=Channel 1 (5)
10=Channel 2 (6)
11=Channel 3(7)

2.5.5.1 Terminal Count
Requirements:

2-10. For ISA DMA, software must assume the terminal count (TC) is an output from the DMA controller. This
means some | SA devices may not work if they depend on TC being an input to the DMA controller.

2-11. ForISA DMA, ahardware design must not produce an error if ObO iswritten to bit 6 of DCEM1 or
DCEM2.

2.5.5.2 DMA Timing Modes

Four DMA transfer timings are selectable: ISA compatible, type “A”, type “B”, and type “F’. The timings given
assume an |SA SYSCLK of 8.33 Mhz

Table23. DMA Timing Modes

Bits5-4  DMA Timing Mode

ISA-Compatible Timing: Compatible timing is provided for DMA slave devices that can-
not support the higher speed modes (A, B or F). It uses 9 ISA SY SCLKs during asingle cy-
cletransfer (1080ng/single cycle). During the repeated portions of BLOCK and DEMAND

mode transfers it uses 8 SY SCLKs (960ns/cycle).

0b00

Type“A” Timing: The /O setup portion of the cycleis the same as with compatibletiming
0b01 (9 SYSCLKS - 1080ns/single cycle). During the repeated portions of BLOCK and DE-
MAND modetransfers type “A” timing uses 6 SY SCLKs (720ns/cycle).

Type“B” Timing: Thel/O setup portion of the cycleis the same as with compatible timing
0b10 (9 SYSCLKS - 1080ns/single cycle). During the repeated portions of BLOCK and DE-
MAND modetransfers type “B” timing uses 5 SY SCLK's (600ns/cycle).

Type“F” Timing: The /O setup portion of the cycleis the same as with compatible timing
(9 SYSCLKS - 1080ns/single cycle). During the repeated portions of BLOCK and DE-
MAND modetransfers type “F” timing uses 3 SY SCLKs (360ns/cycle). This is the fastest
mode providing 8.33 Mbytes/sec of data transfer.

Obl1l

2.5.5.3 DMA Addressing Modes

DMA Controller 1 isonly required to support 8-bit count by byte mode. DMA Controller 2 isonly required to sup-
port 16-bit count by word (2-byte) mode. The ISA DMA Controller is not required to support 16-bit count by bytes
addressing mode.
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Requirements:

2-12. For operationsinvolving ISA DMA slave devices, software must assume the hardware only allows ad-
dressing modes asfollows:

a. Channels 0-3 are 8-bit count by bytes addressing mode. The DMA address, count, and page registers
must be programmed accordingly.

b. Channels5-7 are 16-bit count by word (2 bytes) addressing mode. The DMA address, count, and page
registers must be programmed accordingly.

c. 16-bit count by bytes addressing mode is not supported.

2-13. For ISA DMA, ahardware design must not produce an error if 0b0O iswritten to bits[3:2] of DCEM1, or
if ObO1 is written to bits[3:2] of DCEM2.

2.5.6 DMA 2 Extended Mode Register (DCEM2)

Table24. DMA 2 Extended Mode Register (DCEM?2) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Indirect reg[8] 0x00 Write Only 0b000001LXX N/A

Thisregister isidentical to the DCEM1 with the following differences:
1. DCEM2 controls channels 5-7 whereas DCEM 1 controls channels 0-3. Bits [1:0] must not be set to 0b00.
2. Bits[3:2] must be written with ObO1 to indicate 16-bit count by word transfers.

2.5.7 DMA 1 Request Register (DR1)

Table25. DMA 1 Request Register (DR1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS
1 byte Indirect reg[1] 0x09 Write Only 0b000000X X 0b0O00000X X

See25.17and 25.18

The host processor can initiate a DMA request on a DMA channel 0-3 by identifying the desired DMA channel in
bits 1-0, DMA Channel Select, of this register while setting bit 2, DMA Channel Service Request, to a 1. These
requests are treated as if the ISA DREQ signal was asserted for the DMA channel. These host processor initiated
requests are non-maskable and subject to prioritization by the priority encoder network.
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Table26. DMA Request Register

Bit Function
7-3 Reserved (Must be 0)

DMA Channel Service Request: Writing azero to this bit resets the system initiated DMA
channél request. Writing aoneto this bit initiatesa DMA channel request on the channel in-

2 dicated by bits 1-0, DMA Channel Select.
DMA Channel Select
00=Channel 0

1-0 01=Channel 1 (5)

10=Channel 2 (6)
11=Channel 3 (7)

2.5.8 DMA 2 Request Register (DR2)

Table27. DMA 2 Request Register (DR2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[3] 0x12 Write Only 0b000000X X 0b0O00000X X
See25.17and 25.18

Thisregister isidentical to DR1 with the following difference:

1. DR2initiates DMA requests for channels 5-7 asindicated in Table 23. Bits [1:0] must not be set to 0b00.

2.5.9 DMA 1 Write Single Bit Mask Register (WSM1)

Table28. DMA 1 Write Single Bit Mask Register (WSM1) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Indirect reg[1] Ox0A Write Only 0b000001LXX N/A

Incoming DMA channel service requests (DREQSs) for channels 0-3 can be individually enabled and disabled using
this register. Upon hardware reset and OF transfer to the OS, all channels are masked.

Table29. DMA 1 Write Single Bit Mask Register

Bit Function
7-3 Reserved (Must be 0)

Channel Mask Select: When this bit isa 1, the DMA channel selected by bits 1-0, DMA
Channel Select, will have its DREQ line masked off. The DMA channel will be disabled.
When this bit isa 0, the DMA channel selected by the DMA Channel Select field will be en-
abled.




2.5 DMA Controller Registers 21

Table29. DMA 1 Write Single Bit Mask Register (Continued)

Bit Function

DMA Channel Select
00=Channel 0(4)

1-0 01=Channel 1 (5)
10=Channel 2 (6)
11=Channel 3(7)

2.5.10 DMA 2 Write Single Bit Mask Register (WSM2)

Table30. DMA 2 Write Single Bit Mask Register (WSM2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS

1 byte Indirect reg[3] 0x14 Write Only 0b000001LXX N/A

Thisregister isidentical to WSM1 with the following differences.

1. For DMA Controller 2, WSM2 controls enabling and disabling DMA channels 4-7.

2. For DMA Controller 2, disabling DMA channel 4 will disable channels 0-3 since they are cascaded

through channel 4.
Note: Upon hardware reset and OF transfer to the OS, all channels are masked

2.5.11 DMA 1 Write All Mask Bits Register (WAM1)

Table31. DMA 1Write All Mask Register (WAM 1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS
1 byte Direct reg[1] OxOF Write Only OxOF OxOF
See2.5.17 and 25.18

The difference between this register and the DMA 1 Write Single Bit Mask Register, WSM1, isthat four DMA chan-
nels can be enabled or disabled selectively in one write with the WAM1 register. With WSM1, only one DMA channel

can be enabled or disabled at atime.
Table32. DMA 1 Write all Mask Bits Register
Bit Function
7-4 Reserved (Must be 0)

Channel Mask Select: For WSM1, bit 0 enables/disables channel 0. (1 disables achanndl.
2.0 0 enables achannel.) Bit 1 enables/disables channel 1. Bit 2 enables/disables channel 2. Bit
3 enables/disables channel 3.
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Requirements:

2-14. Software must assume the DMA Write All Mask Bits Registers (WAM 1, WAM2) are write-only.

Note: It is recommended that hardware designs allow this register to be read/write, to facilitate software debug. If it
is Read/Write, hardware returns the current value of this register, not the last value written by software (they could be

different).
2.5.12 DMA 2 Write All Mask Bits Register (WAM2)

Table33. DMA 2 Write All Mask Bits Register (WAM2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[3] Ox1E Write Only OxOF OxOF

See25.17and 25.18

Thisregister isidentical to WAM1 with the following differences:

1. For DMA Controller 2, bit 0 of the WSM 2 enables/disables channel 4. (1 disables a channel. 0 enablesa
channel.) Bit 1 enables/disables channel 5. Bit 2 enables/disables channel 6. Bit 3 enables/disables channel 7.

2. For DMA Controller 2, disabling DMA channel 4 will disable channels 0-3 since they are cascaded through
channel 4.

2.5.13 DMA 1 Status Register (DS1)

Table34. DMA 1 Status Register (DS1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[1] 0x08 Read Only 0x00 0x00
See25.17and 25.18

Each DMA controller has aread-only DMA Status Register that indicates which DMA channels have reached termi-
nal count and which DMA channels have a pending DMA request. Bits 3-0 are set to indicate that their corresponding
channels have reached terminal count, TC. Thesefour bits are reset when the DMA Status Register is read.

Table 35. DMA 1 Status Register

Bit Function

Channel Request Status: These hits are set when there is a corresponding DMA reguest
active on the | SA bus. When avalid DMA request is pending for achannel (on the |SA

7-4 DREQ signal line for the channdl), the appropriate bit is set here. For DMA Controller 1,
DREQO set bits 4, DREQ1 sets bit 5, DREQ?2 sets bit 6 and DREQ3 sets bit 7.
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Table35. DMA 1 Status Register (Continued)

Bit Function

Channe Ter minal Count Status: When achannd reaches its terminal count, TC, its corre-
sponding bitin thisfieldis set. For DMA Controller 1, channel 0's TC statusis on bit 0.

3-0 Channel 1's TC status is on bit 1. Channel 2's TC statusis on bit 2. Channel 3's TC status is
onbit 3.

2.5.14 DMA 2 Status Register (DS2)

Table36. DMA 2 Status Register (DS2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contra to OS
1 byte Direct reg[3] 0x10 Read Only 0x00 0x00
See25.17and 25.18

Thisregister isidentical to DS1 with the following differences:

1. For DMA Controller 2, DREQ5 sets bit 5, DREQ6 sets bit 6 and DREQ7 sets bit 7. DMA channel 4 isthe
cascade and therefore bit 4 is always O for DS2.

2. For DMA Controller 2, Channel 5's TC statusis on bit 1. Channel 6's TC status ison bit 2. Channel 7sTC
statusis on bit 3. Since Channel 4 is the cascade, bit Ois awaysO.

2.5.15 DMA 1 Clear Byte Pointer Register (CBP1)

Table37. DMA 1 Clear Byte Pointer Register (CBP1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[1] 0x0C Write Only Undefined N/A

A clear byte pointer command is executed prior to writing new address or count information to the DMA controller
or reading current address or count information from the DMA controller. After doing a clear byte pointer command, a
read or write to the address or count registers will access the least significant byte. The second access to the same
address will give the most significant byte of the address or count. CBP1 isfor DMA channels 0-3

Bit 7-0 (Clear Byte Pointer): The content of this register is meaningless. The act of writing to its address ac-
complishes the clear byte pointer command.
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2.5.16 DMA 2 Clear Byte Pointer Register (CBP2)

Table38. DMA 2 Clear Byte Pointer Register (CBP2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[3] 0x18 Write Only Undefined N/A

This register accomplishes the same purpose as CBP1 with the following exceptions:

1. CBP2 performsthe clear byte pointer command for DMA controller 2 which controls channels 5-7.

2.5.17 DMA 1 Master Clear Register (DMC1)

Table39. DMA 1 Master Clear Register (DM C1) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contra to OS
1 byte Direct reg[1] 0x0D Write Only Undefined N/A

The DMA Master Clear Register 1, DMC1, allows software to perform the equivalent of a hardware reset of DMA
Controller 1 (Channels 0-3) under software control. Writing to DM Clresets the Command, Status, Request, and Inter-
nal First/Last flip-flop, and sets the Mask Register.

Bit 7-0 (Master Clear): The contents of this register have no meaning. Writing to this register accomplishes a
soft reset which islogically equivalent to a hardware reset for DMA controller 1.

2.5.18 DMA 2 Master Clear Register (DMC2)

Table 40. DMA 2 Master Clear Register (DM C2) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[3] Ox1A Write Only Undefined N/A

Thisregister, isidentical to DMC1 with the following differences:

1. For DMA Controller 2 (Channels 4-7), DMC2 performs the equivalent of a hardware reset.
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2.5.19 DMA 1 Clear Mask Register (DCLM1)

Table4l. DMA 1 Clear Mask Registerl (DCLM1) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[1] OxOE Write Only Undefined N/A

Writing to this register clears any masks which may be in place for DMA channels 0-3. The value of the datafor the
writeisirrelevant.

2.5.20 DMA 2 Clear Mask Register (DCLM2)

Table 42. DMA 2 Clear Mask Register (DCLM2) Characteristics

Register ~ Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[3] 0x1C Write Only Undefined N/A

Writing to this register clears any masks which may be in place for DMA channels 4-7. The value of the datafor the
writeisirrelevant.

2.6 Scatter/Gather Registers

Requirements:

2-15. During Scatter/Gather operations, the High Page Registers (described in Section 2.4.13, “Current High
Page Register 0 (CHIPO),” on page 13 through Section 2.4.14, “Current High Page Register 1-7 (CHIP1-
CHIP7),” on page 14) and L ow Page Registers (described in Section 2.4.9, “ Current Low Page Register 0
(CLOPQ),” on page 12 through Section 2.4.10, “Current Low Page Register 1-7 (CLOP1-CLOP7),” on
page 13) must increment appropriately as part of the full 32 bit transfer address.

2.6.1 The Scatter/Gather Descriptor

Figure 2 on page 26 gives the format of the Scatter/Gather Descriptor (abbreviated as SGD). A contiguous list of
SGD’sinreal memory makes up a SGD Table. A SGD must be aligned on a 4-byte boundary.

DWORDO of a SGD contains the address of a buffer in memory that is to be transferred to or from an ISA /O
device. If the transfer mode of the operation is 16-bit count by word, (i.e. one of channels 5-7 is used), then the address
of that buffer must be even (the Isb of the addressis 0).
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Requirements:

2-16. Scatter/Gather Descriptor: The Memory Buffer Starting Physical Addressfield in the SGD must be
programmed asfollows:

a. For 8-hit count by byte operations, thisfield is programmed with the byte address of the buffer to be
transferred. The address may be even or odd.

b. For 16-bit count by word operations, thisfield is programmed with the even byte address of the buffer
to betransferred. Thus, bit 0 in thisfield will be 0.

The Transfer Sizefield gives the number of bytes or 16 bit words to be transferred. The last SGD in a scatter/gather
program must have the EOL field set to 1to signal that it is the last entry.

31 0
DWORD 0 Memory Buffer Starting Physical Address
DWORD1 |EOL Reserved Transfer Size

31 30 16 15 0

Entries in system memory arein LE format.

Figure2. Scatter Gather Descriptor Table Entry

2.6.2 Scatter/Gather Interrupt Status Register (SGIS)

Table 43. Scatter/Gather | nterrupt Status Register (SGI S) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[4] 0x00 Read Only 0x00 N/A

The Scatter/Gather Interrupt Status Register indicates the DMA channel which is the source of a DMA Scat-
ter/Gather interrupt on IRQ13 of the Legacy Interrupt Controller (see Chapter 4, “Legacy Interrupt Controller,” on
page 61). The DMA controller drives IRQ13 active after it reaches a terminal count during a Scatter/Gather DMA
operation, if bits [7:6] of the Scatter/Gather Command Register are 0b01 (Section 2.6.3, “ Scatter/Gather Command
Register 0 (SGCO0),” on page 27).

Requirements:

2-17. 1RQ 13 must be reserved for the |ISA DMA device.
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Table44. Scatter/Gather Interrupt Status Register (SGI S)

@
=

Function

1=interrupt pending on channel 7. 0=no interrupt pending.

1=interrupt pending on channel 6. 0=no interrupt pending.

1=interrupt pending on channel 5. 0=no interrupt pending.

Reserved (Must be 0)

1=interrupt pending on channel 3. 0=no interrupt pending.

1=interrupt pending on channel 2. 0=no interrupt pending.

1=interrupt pending on channel 1. 0=no interrupt pending.

o] r| N w| & 0] ] N

1=interrupt pending on channel 0. 0=no interrupt pending.

2.6.3 Scatter/Gather Command Register 0 (SGCO0)

Table45. Scatter/Gather Command Register 0 (SGCO) Characteristics

Register ~ Register

Size Addressing

Assodi ated Offset Read/Write Value in Register Software

Initiated

Reg Property  Address  Charaecteristics When OF Passes Reset Value

Contral to OS

1 byte Direct

reg[6] 0x00 Write Only 0x00 N/A

The Scatter/Gather Command Register 0 (SGCO) provides commands to start and halt scatter/gather operations on

DMA channel 0 and TC to set the method of how the end of the scatter/gather operation will be signalled.

Table 46.  Scatter/Gather Command Register 0 (SGCO0)

Bit

Function

IRQ13/TC Select: Thisbit selects whether Terminal Count (TC) or IRQ13is asserted when
thelast buffer in ascatter/gather list has been completed or the last buffer in the DMA has
been completed after the DMA has been suspended (aterminal count has occurred). A 1 se-
lects TC as the signaling mechanism. A 0 selects IRQ13 as the signaling mechanism. This
bit is only valid if bit 6, IRQ13/TC Programming Enable, isal.

IRQ13/TC Progranming Enable: When this bit isa 0, bit 7 does not affect the current
state of whether TC or IRQ13 is being used to signa the end of a scatter/gather operation as
noted under bit 7. When bit 6 isa 1, bit 7 is enabled to change the state of how the DMA
controller signals aterminal count.

5-2

Reserved (Must be set to 0)

1-0

Scatter/Gather Commands. See Table 47 on page 27.

Table 47. Scatter/Gather Commands

Bits1-0

Scatter/Gather Commands

00

No S/G Oper ation: No Scetter/Gather operation is performed. This is typically used when
itis desired to change bits 6 and 7.
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Table 47.  Scater/Gather Commands (Continued)

Bits1-0  Scatter/Gather Commands

Start S/G Command: This command initiates the scatter/gather DMA operation. The
DMA controller will begin fetching entries from the Scatter/Gather Descriptor tableimme-
diately upon the setting of this bit. When this command is used, all base address, base word,
current address and current word registers should be empty (unused).

01

Stop S/G Command: This command halts a scatter/gather transfer immediately. Bits 0, 2,
3, and 5 in the Scatter/Gather Status Register (2.6.5)are cleared to 0 and the DMA channel
meask bit in the WAMO or WAM1 register is set to 1. (WAMO for channels 0-3, WAM 1 for
channéls 5-7)

11 Reserved

10

2.6.4 Scatter/Gather Command Registers 1-7 (SGC2-SGC7)

Scatter/Gather Command Registers 1-7, SGC1-SGC7, are identical to Scatter/Gather Command Register 0, SGCO,
with the exception they control different DMA channels as indicated by the suffixes on the register names and abbrevi-
ations. They have unique addresses as shown in Table 2 on page 5

2.6.5 Scatter/Gather Status Register 0 (SGSO0)

Table 48.  Scatter/Gather Status Register 0 (SGS0) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property ~ Address  Characteristics When OF Passes Reset Value
Contral to OS
1 byte Direct reg[6] 0x08 Read Only 0x00 0bX 0000000
See2.6.3

Thisregister provides statusinformation on the Scatter/Gather unit for a given DMA channel, in this case, channel 0.

Table 49. Scatter/Gather Status Register 0 (SGS0)

Bit Function
Next Link Null Indicator: If the next SGD fetched has an EOL value of 1, it is the last
7 SGD in the scatter/gather list in memory for this scatter/gather operation. When EOL isal
inthe next SGD, bit 7issettoal.
6 Reserved
5 Reserved.
4 Reserved
Scatter/Gather Base Register Status: When thisbitis a0, the DMA Base Address Regis-
3 ter isempty. When it isa 1, abuffer is pre-loaded (the next link in the SGD table) in the

DMA Base Address Register for this channel.

Scatter/Gather Current Register Status: When thisbitis a0, the DMA Current Address
Register is empty. When it isa 1, abuffer is loaded (the current link in the SGD table) in the
DMA Current Address Register for this channel.

1 Reserved
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Table 49. Scatter/Gather Status Register 0 (SGS0) (Continued)

Bit Function

Scatter/Gather Active: This bit indicates the status of acurrent scatter/gather DMA opera-
tion. When this bitis a 1, a scatter/gather start command has been issued. When this bit is

0 set to 0, no operation isin progress, aterminal count on the last buffer in the SGD list has
occurred or a scatter/gather stop command has been issued.

2.6.6 Scatter/Gather Status Register 1-7 (SGS1-SGS7)

Scatter/Gather Status Registers 1-7, SGS1-SGS7, are identical to Scatter/Gather Status Register 0, SGSO, with the
exception they present status for different DMA channels asindicated by the suffixes on the register names and abbre-
viations. They have unigque addresses as shown in Table 2 on page 5.

2.6.7 Scatter/Gather Descriptor Table Pointer Register 0 (SGPTRO)

Table 50. Scatter/Gather Descriptor Table Pointer Register 0 (SGPTRO) Characteristics

Register  Register Assodi ated Offset Read/Write Value in Register Software Initiated

Size Addressing Reg Property  Address  Characteristics When OF Passes Reset Value
Contral to OS
4 byte Direct reg[6] 0x10-0x13 Read/Write Undefined N/A

This register contains a 32-bit address for scatter/gather channel O that points to the first Scatter/Gather Descriptor,
SGD, inalist in system memory. This register is programmable using a single 32 bit write. The SGD list and this reg-
ister must be programmed (in addition to other things) prior to the issue of the scatter/gather start command.

Bits [31:0] of thisregister correspond to bits [31:0] on the PCI bus.

Requirements:

2-18. The Scatter/Gather Descriptor Table Pointer Registers must be programmed with a single 32-bit write.

2.6.8 Scatter/Gather Descriptor Table Pointer Registers 1-7 (SGPTR1-
SGPTR7)

Scatter/Gather Descriptor Table Pointer Registers 1-7, SGPTR1-SGPTRY7, are identical to Scatter/Gather Descriptor

Pointer Register 0, SGPTRO, with the exception they service different DMA channels as indicated by the suffixes on
the register names and abbreviations. They have unique addresses as shown in Table 2 on page 5.

2.7 Support for ISA Bus masters

ISA bus masters may operate using any of the seven available DMA channels, regardless of transfer width. (I SA bus
masters provide their own address and count information.)
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Requirements:

2-19. ThelSA DMA Controller must not preclude an | SA bus master from using any of the seven available
DMA channels, regardless of addressing mode.

2-20. ThelSA DMA hardware must provide at |east 24-bit addressing to system memory for ISA bus masters.

When programming for an | SA bus master operation, only two registers are used in the | SA DMA controller,
1. Channel Mode register (DCM1, DCM2). This puts the desired channel into cascade mode.
2. Write Single Bit Mask register (WSM1, WSM2). Thisis used to unmask the desired channel.

Note: some hardware designs allow the High Page Register to form the high-order address bits of a 32-bit ISA bus
master PCl address.

During an ISA bus master operation, many of the DMA and all of the S/G registers described in previous sections
are not used. These include:

Current Address Registers
Base Address Registers
Current Count Registers
Base Count Registers
Current Low Page Register
Base Low Page Register
Extended Mode Register

©® N o g > w0 bd P

Clear Byte Pointer Register
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3.1 General Requirements

Table 51 on page 31 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A System
Architecture, showing the minimum requirements of the floppy disk controller on CHRP platforms.

Table51. Summary of Minimum Platform Requirements

(]
S I g g (3] -
Ubsystem Specification i 2 Description
5B
Floppy (e] (e] (e] Not required, but ameans to attach for softwareinstalla-
35" 144MBMFM R R R tion must be provided. This may be through aprovided
Media sense R R R connector or over anetwork.
Auto gect R R M Media sense: Implementations must allow polling of the
Manual gject R R R drive up to 100x per second to determine the presence of

mediain thedrive.
A method for manual ejection of floppies is required.

Requirements:

3-1. A Floppy Disk Controller that is compliant with the interfaces as defined in this section must be
represented in the Open Firmware device tree for the auto-eject version of the device as identified by the
following properties, name=fdc, device_type=fdc, and compatible=chrp,fdc. For the non-auto-eject
version of the device, it is represented by the following properties; name=fdc, device_type=fdc, and
compatible=pnpPNP,700.

3-2. Thefirmware must configure the Floppy Disk Controller in the PS/2™ mode, with enhanced auto-gject or
without auto-gject.

3-3. Thisdevice must be addressed purely with 1 SA 1/0 addresses which can be aliased or non-aliased.

3-4. DMA transfersfor the floppy disk controller must be 8-bit DMA slave and must support at |east the | SA
Compatible Timing mode.

3-5. Interrupts generated by the floppy disk controller must be high true edge sensitive.
Softwar e Implementation Note: The PS/2 mode controllersonly support two drives.

Softwar e | mplementation Note: The operating system is expected to extract the DMA channel number from the
node’s dma property. The above requirement means that the operating system need not extract the DMA
transfer size, DMA count width, or master vs slave capability from the node’s dma property. Firmware must
set these fid ds to the va ues that match the above requirement. Operating systems are recommended to
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extract the DMA timing from the node’s DM A property, though they are free to default to the | SA
Compatibility Timing Mode. Refer to Table 23 on page 18 for information about other timing modes.

Software Implementation Note: The operating system i s expected to extract theinterrupt number from the
node’s interrupts property. The above reguirement means that the operating system need not extract the
interrupt type from the node’sinterrupts property. Firmware must set this fie d to the values that match the
above requirement.

Hardware | mplementation Note: The Floppy interrupts are not tri-stated but | eft enabl ed, unlike CHRP
requirement 2-1.

3.2 Floppy Disk/Tape Media Supported

Requirements:

3-6. Thefloppy disk controller must support 3.5 inch media with an unformatted capacity of 2 megabytesand a
formatted capacity of 1.44 megabytes.

3-7. Thefloppy disk controller must support the 3.5 inch media with an unformatted capacity of 4 megabytes
and aformatted capacity of 2.88 megabytesfor purposes of floppy disk port tape backup units.

It is recommended that the floppy disk controller support 3.5 inch media with an unformatted capacity of 1 mega-
bytes and a formatted capacity of 720 kilobytes to enable the use of legacy media of that density.

3.3 Floppy Disk Controller Open Firmware Properties

Requirements:

3-8. Thethree setsof registers shown in Table 52 on page 33 must be present in the Open Firmware device tree
for the auto-eject version of the device asidentified by the following properties; name=fdc,
device_type=fdc, and compatible=chrp,fdc.

3-9. Thefirst two sets of registers shown in Table 52 on page 33 must be present in the Open Firmware device
tree for the non-auto-gject version of the device asidentified by the following properties; name=fdc,
device_type=fdc, and compatible=pnpPNP,700.

3-10. Thisdevicemust be represented as an | SA device and a child of an | SA bridge node in the Open Firmware
device tree.

3-11. A floppy disk controller must be reported in the Open Firmware device tree as specified in the CHRP | SA
Floppy Device Binding [16].

Table 52 on page 33 gives the registers used by the floppy disk controller.
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Table52. Floppy Disk Controller Registers

Offset Register Open Firmware Reg Property

Status Register A (SRA)

Status Register B (SRB)

Digital Output Register (DOR)

Tape Drive Register (TDR) (reg[1], size= 6)
Main Status Register (MSR)/

Data Rate Select Register (DSR)

Data Register (FI FO)

Digital Input Register (DIR)/
Configuration Control Register (CCR)
Autogject Register (AER) (reg[3],size=1)

(reg[2],size=1)

O O |0 & [ WNKF O

3.4 Diskette Drive Controller Registers
Requirements:
3-12. For the device described herein, al the registers defined in Section 3.4.1, “ Status Register A (SRA),” on
page 33 through Section 3.4.10, “Autoeject Register (AEJ),” on page 41 must be implemented as
described herein.
Two sets of registers are described here, control and status. The control registers each have a unique offset address.

Floppy disk operations are split into command, execution and result phases. During the result phase, the status registers
described are read through the Data Register FI FO (abbreviated as F FO).

3.4.1 Status Register A (SRA)

Table53. Status Register A (SRA) Characteristics

Register Register Associated Offset Read/Write Valuewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x00 Read Only See Table 54 See Table 54
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Status Register A, SRA, monitors the state of the floppy disk interrupt source and some of the disk interface signals.

Table54. Status Register A (SRA)

Vauewhen ValueAfter
Bit Function OF passesto  Software
SW Reset

Inter rupt Pending: This active high bit reflects the state of the interrupt source from the

floppy disk controller. 0 0
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Table54. Status Register A (SRA)

Vauewhen ValueAfter

Bit Function OF passesto Software
SW Reset
6 Reserved X X
5 Step: Active high bit reflecting the state of the STEP disk interface output. 0 0
4 -Track O: Activelow bit reflecting the status of the TRKO disk interface input. X X
3 Head Select: Active high bit reflecting the status of the HDSEL disk interface output. 0 0
2 -Index: Active low bit reflecting the INDEX disk interface input. X X
1 -Write Protect: Activelow bit reflecting the WP disk interface input. X X
0 Dir ection: Active high bit reflecting the DIR disk interface output. 0 0
3.4.2 Status Register B (SRB)
Table55. Status Register B (SRB) Characteristics
Register Register Associated Offset Read/Wrt Valuewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x01 Read Only See Table 56 See Table 56
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This read-only register shows the status of signals on the diskette drive interface. The write-data and read-data bits
change state for each positive transition of the ‘-write data’ or ‘-read data’ signals.

Table56. Status Register B

Vauewhen ValueAfter
Bit Function OF passesto  Software
SW Reset

76 Reser ved X X
Drive Select 0: Reflects the status of the Drive Select O bit in the DOR, Digital Output Register

5 (address2, bit 0). It is cleared after ahardware reset, not a software reset. X X

4 Write Data: Every inactive edge transition of the WDATA disk interface output causes this bit to 0 0
change state.

3 Read Data: Every inactive edge transition of the RDATA disk interface output causes this bit to 0 0
change states.

2 Write Gate: Active high bit reflecting the WGATE interface output. 0 0

1 Motor Enable 1: Active high bit reflecting the status of the MTR1 disk interface output. 0 X

0 Motor Enable 0: Active high bit reflecting the status of the MTRO disk interface output. 0 X
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3.4.3 Digital Output Register (DOR)

Table57. Digital Output Register (DOR) Characteristics

Register Register Associated Offset Read/Wrt Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x02 Read/Write See Table 58 See Table 58
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The Digital Output Register, DOR, controls the drive select and motor enable disk interface outputs, enables the
DMA logic, and contains a software reset bit.

Table 58. Drive Control Register

Vauewhen ValueAfter
Bit Function OF passesto  Software
SW Reset

Motor Enable 3: This bit controls the MTR3 disk interface output. A 1in thisbit causes the

! MTRS3 pin to go active. 0 X
Motor Enable 2: This bit controls the MTR2 disk interface output. A 1in this bit causes the

6 ] . 0 X
MTR2 pin to go active.
Motor Enable 1: This bit controls the MTR1 disk interface output. A 1in thisbit causes the

5 ] . 0 X
MTR1 pin to go active.
Motor Enable 0): This bit controls the MTRO disk interface output. A 1 in this bit causes the

4 ] . 0 X
MTRO pin to go active.

3 Reser ved 0 X

-Reset Contraller): Writing a0 to this bit resets the controller. It remains in the reset condition
2 until al iswritten to this bit. Software resets do not affect the DSR, CCR and other bitsof the 0 X
DOR. This bit must be O for at least 100ns before a 1 can be written to it.

Drive Select: These two bits are a binary encoding of the four drive selects DRO-DR3. Thisin-

10 sures that only one drive select output can be active a atime. 0 X
N/A as the vd ue after soft reset means that the bit valueis not affected.
3.4.4 Tape Drive Register (TDR)
Table59. Tape Drive Register (TDR) Characteristics
Register Register Associated Offset Read/Wrt Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x03 Read/Write See Table 60 See Table 60

onpage36  onpage 36

The TDR register is the Tape Drive Register and the floppy disk controller media and drive type register. Only what
has been called the “enhanced” mode of operation is supported and documented here.
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Table 60. Drive Status Register

Vauewhen ValueAfter
Bit Function OF passesto  Software
SW Reset

ExtraDensty: When bit 5is 0, thismediaid bit is used with bit 6 as described in Table 61 on page 36 to indi-
cate the type of media currently in the floppy drive

High Density: When bit 5is O, this mediaid bit is used with bit 7 as described in Table 61 on page 36 to indi-
cate the type of media currently in the floppy drive.

Drive|D 1 Information: The state of this bit is determined by the state of bits 1 and 0 in the Drive ID register.
If thisbitis O, there is valid medialD sense data in bits 7 and 6 of this register. This bit holds the value of bit 1
of the Drive ID register, when drive 0 is accessed and media senseis configured. It holds the value of bit 3 of
the Drive | D register, when drive 1 is accessed and mediasense is configured. Otherwise, it is set to 1 to indi-
cate that mediainformation is not available. Valid data should be used only when accessing drives 0 and/or 1.
Table 61 on page 36 showswhat the decoded interpretations of bits 7-5 mean.

Drive ID 0 Information: This bit reflects the value of bit 0 in the Drive ID Register if floppy disk device Ois
accessed. It reflects the value of bit 2inthe Drive ID Register if floppy disk device 1is accessed

32 Logical Drive Exchange: These bits are reserved, and must be set to zero. 0 0

Tape Select 1,0: Thesebitsassign alogical drive number to atape drive. Drive O must remain as a boot drive
1-0 and cannot be assigned as a tape drive. Table 62 on page 36 shows how these bits assign logical drive numbers 0 0
to tapedrives

Table61. MedialD Bit Functions

Bit 7, 6,5 Media Type

XX1 Invalid Data

000 5.25in

010 2.88 Megabyte (formatted)
100 1.44 Megabyte (formatted)
110 720 Kilobyte (formatted)

Softwar e Implementation Note: The Drive I D register in Table 60 on page 36, i s not part of the Floppy Disk
Controller regi ster set. It isaregister where the chi pset involved has stored the Drive |Ds for drive 0 and drive
1 on the floppy disk interface. It then makes this information avail bl e to the Floppy Disk Controller.

Table 62. Tape Drive Assignment Values

Bit1,0 Drive Selected

00 None
01
10
11
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3.4.5 Main Status Register (MSR)

Table63. Main Status Register (MSR) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x04 Read Only 0x00 0x00

Thisread-only register facilitates the transfer of data between the system microprocessor and the controller.

Table64. Diskette Drive Controller Status Register

Value when Valueon

Bit Function OF passesto  Software
Sw Reset

7 Request for Master: When thisbit is 1, the Dataregister is ready to transfer data with the system micro- 0 0

processor

Data I nput/Output: This bit indicates the direction of data transfer between the diskette drive controller
6 and the system microprocessor. When this bit is 1, the transfer is to the system microprocessor; whenthe 0 0

bit is 0, the transfer is to the controller
5 Non-DMA Mode: When this bitis 1, the controller is in the non-DMA mode 0 0
4 Command in Progress. When thisbit is 1, command is being processed. 0 0
3 Drive 3 Busy: When this bit is 1, diskette drive 3 isin the seek mode. 0 0
2 Drive 2 Busy: When this bit is 1, diskettedrive 2 isin the seek mode 0 0
1 Drive 1 Busy: When this bit is 1, diskettedrive 1 isin the seek mode 0 0
0 Drive 0 Busy: When this bit is 1, diskettedrive 0 isin the seek mode 0 0

3.4.6 Data Rate Select Register (DRS)
Table 65. Data Rate Select Register (DRS) Characteristics
Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x04 Write Only SeeTable 66 See Table 66
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Thiswrite-only register is used to select the data rate and precompensation value for each data rate.
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Table 66. Precompensation Select Register

Valuewhen
. . Software
Bit Function OF passesto
Reset Value
SW
7 S/W Reset: This bit functions the same as the POR Reset bit, except it isself clearing. 0 Not effected
Low Power: Thisbit puts the floppy disk controller into low power mode. What low power
6 means can vary from manufacturer to manufacturer. The floppy disk controller comes out of low 0 Not effected
power mode after a software reset, or access to the Data Register or Main Status Register.
5 Reserved: Must be Set to 0. 0 Not effected
Precompensation Select: These bits select the amount of write precompensation the floppy disk
4.2 controller uses when writing bits to the floppy disk drive. Table 67 on page 38 shows the pre- Not effected
compensation vaues for each bit encoding. Table 69 on page 39 shows the default precompensa
tion values for each data rate.
1:0 Data Rate Select: These bits set the data rate of the floppy disk controller. Table 69 on page 39 0 Not effected

shows how datarates for the floppy disk controller are encoded

Table67. Precompensation Values

Bits Precompensation
432 Delay

000 Default

001 41.7ns

010 83.3ns

011 125.0ns

100 166.7 ns

101 208.3 ns

110 250 ns

m 0.0ns

Table 68. Default Precompensation Values

Transfer Default
Rate Precompensation

500Kbps 125ns
300Kbps 125ns
250Kbps  125ns
1000Kbps 41.7ns
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Table69. DataRate Select Encodings

Bits Data Rae

10 MFM FM
00 500K bps 250 Kbps
01 300K bps 150 Kbps
10 250 Kbps 125 K bps
11 1Mbps Illegal

3.4.7 Data Register (FIFO)

Table 70. Data Register (FIFO) Characteristics

Register Register Associated Offset Read/Wrt Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[1] 0x05 Read/Write 0x00 0x00

The FIFO (read/write) is used to transfer all commands, data and status between the system and the floppy disk con-
troller. During the command phase, the system writes the command bytes into the FIFO after polling the RQM and
DIO bitsin the MSR. During the result phase, the system reads the result bytes from the F FO after polling the RQM
and DIO bitsinthe MSR.

Enabling the FI FO, and setting the FI FO threshold, is done via the Configure command. I f the FIFO is enabled, only
the execution phase byte transfers use the 16 byte FI FO. The FIFO is always disabled during the command and result
phases of a controller operation. If the FIFO is enabled, it is not disabled after a software reset if the LOCK bitissetin
the lock command. After a hardware reset, the FIFO is disabled to maintain compatibility with PC-AT systems.

The 16-byte FIFO can be used for DMA, I nterrupt, or software polling type transfers during the execution of aread,
write, format, or scan command. In addition, the FIFO can be put into a burst or non-burst mode with the mode com-
mand. In the burst mode, DRQ or IRQ remains active until all of the bytes have been transferred to or from the FIFO.
In the non-burst mode, DRQ or IRQ is deasserted for 350 ns to allow higher priority transfer requests to be serviced.
The mode command can also disable the FIFO for either reads or writes separately. The FIFO allows the system a
larger latency without causing a disk overrun/underrun error. Typical uses of the FIFO are at the 1 Mbit/s data rate, or
with multi-tasking operating systems. The default state of the FIFO is disabled, with a threshold of zero. The default
state is entered after a hardware reset.

During the execution phase of a command involving data transfer to/from the FIFO, the software must respond to a
datatransfer service request based on the following formula:

(THRESH + 1) x 8 x TDRP — (16 x TICP)

This formulais good for al data rates with the FI FO enabled or disabled. THRESH is afour bit value programmed
in the configure command, which sets the F FO threshold. If the FIFO is disabled, THRESH is zero in the above for-
mula. The last term of the formula, (16XTICP) is an inherent delay due to the microcode overhead required by the
FDC. Thisdelay is also data rate dependent.
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The programmable FI FO threshold (THRESH) is useful in adjusting the floppy controller to the speed of the system.
I'n other words, a slow system with a sluggish DMA transfer service request (DRQ for DMA mode or IRQ for interrupt
mode). Conversely, afast system with quick response to a data transfer service request uses alow value of THRESH.

Table 71 on page 40 isatable of TDRP and TICP values.
TDRP - Data Rate Period

TICP - Internal Clock Period

TCP- Clock Period

Table71. Floppy FIFO Table

MFM Data Rate TDRP TICP Example TICP Vdues
TMbps 7000 3X TCP 125 ns
500 Kbps 2000 3X TCP 125ns
300 Kbps 3333 5X TCP 208 ns
250 Kbps 4000 6X TCP 250 ns

3.4.8 Digital Input Register (DIR)

Table72. Digital Input Register (DIR) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg(2] 0x00 Read Only See Table 73 See Table 73
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Table 73.  Diskette Drive Controller Status Register

Value when Vdueon

Bit Function OF passesto  Software
SW Reset
7 Disk In Place: When this bitis a1 it reflects that the disk isin place. X X
6-3  Reserved. Must be set to 0b0000. X X
Data Rate Select: These bits indicate the status of the DRATE1-0 bits programmed throught the
2,1 X X
DSRor CCR
0 (-High Density): Thisbit is a0 when the 1 Mb/s or 500 Kbps datarate is chosen, and a1 when the x X

300 Kbpsor 250 Kbps datarate is chosen.
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3.4.9 Configuration Control Register (CCR)

Table 74. Configuration Control Register (CCR) Characteristics

Register Register Associated Offset Read/Wrt Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg(2] 0x00 Write Only See Table 75 See Table 75
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Thiswrite-only register sets the transfer rate.

Table 75. Data Rate Control Register

Value when Valueon

Bit Function OF passesto  Software
SW Reset
7-2 Reser ved: Must be 0 X X
Data Rate Select: Bits 1-0 select the datarate, as shown in the Table 76 on page 41 1
0 Data Rate Select: Bits 1-0 select the datarate, as shown in the Table 76 on page 41 0 0
Table 76. DataRate Selection
Bits
10 Data Rae
00 500,000 bits per second
01 300,000 bits per second
10 250,000 bits per second
11 1,000,000 bits per second*
3.4.10 Autoeject Register (AEJ)
Table 77. Autoeject Register (AEJ) Characteristics
Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[3] 0x00 Read/Write 0x00 0x00

Thistable is provided for systems that optionally support floppy disk auto-eject.

The motor must be stopped before doing an gject. To cause an auto-gject, software must write to the least significant
bit of this register with a 1, followed by a pause provided by software of at least 10 microseconds, followed by awrite
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of a0, which will result in the auto-gject. All other bitsin thisregister are reserved, therefore software must use a read-
modify-write.

3.5 Floppy Drive Controller Programming Considerations

Each command is initiated by a multibyte transfer from the system microprocessor; the result can be a multibyte
transfer back to the system microprocessor. Most transfers consist of three phases:

Command Phase: The system microprocessor writes aseries of command bytesto the controller directing
it to perform a specific operation.

Execution Phase: The controller perf orms the specified operation.

Result Phase: After the operation is complete, status information is available to the sy stem microproces-
sor through a sequence of read commands.

The Seek, Relative Seek, and Recalibrate commands have no result phase. After issuing these commands, the Sense
Interrupt Status command must be issued for proper termination and verification of the head position (Present Cylinder
Number parameter or PCN).

3.5.1 Controller Commands

Requirements:

3-13. For the device described herein, the commands described in Section 3.5.1.1, “Configure Command,” on

page 43 through Section 3.5.1.22, “Write Deleted Data Command,” on page 55 must beimplemented as
specified.

The following are supported commands for diskette drive controller:

Configure
Dumpreg

Format Track

Lock
Perpendicular M ode
Read Data

Read Deleted Data
Read ID

Read Track
Recalibrate
Relative Seek

Scan Equal

Scan High or Equal
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e ScanLow or Equal
«  Seek
e SenseDrive Status

e Senselnterrupt Status

*  Specify

e Veify

* Version

*  WriteData

«  Write Deleted Data.
e Invalid Command Status

3.5.1.1 Configure Command

3.5.1.1.1 Command Phase

Table 78. Configure Command Phase

7 6 5 4 3
ByteO 0 0 0 1 0 0
Bytel 0 0 0 0 0 0
Thresh-
Byte2 0 ElIS EFF PD old
(THR)
Byte 3 Precompensation Track Number (PTN)

3.5.1.1.2 Execution Phase
Internal registers are read.

3.5.1.1.3 Result Phase
This command has no result phase.

3.5.1.2 Dumpreg Command

3.5.1.2.1 Command Phase

Table 79. Dumpreg Command Phase

7 6 5 4 3 2

ByteO 0 0 O O 1 1 1

3.5.1.2.2 Execution Phase
Internal registers are written.
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3.5.1.2.3 Result Phase

Table 80. Dumpreg Result Phase

7 6 5 4 3 2 1 0
Byte O Present Track Number - Drive 0
Byte 1 Present Track Number - Drive 1
Byte 2 Present Track Number - Drive 2
Byte 3 Present Track Number - Drive 3
Byte 4 Stepping Rate Time Head Unload Time
Byte5 Head Load Time DMA
Byte 6 Number of Sectors per Track/End of Track
Byte7 X 0 Reserved X GAP WGATE
Byte 8 (e] EIS EFF PD Threshold
Byte 9 Precompensation Track Number

3.5.1.3 Format Track Command

3.5.1.3.1 Command Phase

Table 81. Format Command Phase

7 6 5 4 3 2 1 0
Byte O 0 MFM 0 0 1 1 0 1
Byte 1 0 0 0 0 0 HD us us
Byte 2 Number of Data Bytes in Sector
Byte 3 Sectors per Track
Byte 4 Gap Length
Byte5 Fill Byte

3.5.1.3.2 Execution Phase

The system transfers four | D bytes (track, head, sector, bytes/sector) per sector to the floppy controller via DMA or
Non-DMA modes. The entire track is formatted. The data block in the data field of each sector is filled with the data
pattern byte.

3.5.1.3.3 Result Phase

Table 82. Format Result Phase

Byte 0 Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Reserved

Byte 4 Reserved

Byte 5 Reserved
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Table 82. Format Result Phase (Continued)

Byte 6 Reserved

3.5.1.4 Lock Command
3.5.1.4.1 Command Phase

Table 83. Lock Command Phase

7 6 5 4 3 2 1 0
Byte O Lock 0 0 1 0 1 0 0
3.5.1.4.2 Execution Phase
Aninternal Register iswritten.
3.5.1.4.3 Result Phase
Table 84. Lock Result Phase
7 6 5 4 3 2 1 0
Byte 0 0 0 0 Lock O 0 0 0
3.5.1.5 Perpendicular Mode Command
3.5.1.5.1 Command Phase
Table 85. Perpendicular Mode Command Phase
7 6 5 4 3 2 1 0
Byte 0 0 0 0 1 0 0 1 0
Byte1 ow 0 D3 D2 D1 DO GAP  WGATE

3.5.1.5.2 Execution Phase
Internal registers are written.

3.5.1.5.3 Result Phase
Thereis no result phase for the Perpendicular Mode command.
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3.5.1.6 Read Data Command
3.5.1.6.1 Command Phase

Table 86. Read Data Command Phase

7 6 5 4 3 2
Byte O MTO MFM  SK 0 0 1 1
Bytel 0 0 0 0 0 HD us
Byte 2 Track Number
Byte 3 Head Address
Byte 4 Sector Number
Byte5 Number of DataBytes in Sector
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 Datalength

3.5.1.6.2 Execution Phase
Dataread from disk driveistransferred to system viaDMA or non-DMA modes.

3.5.1.6.3 Result Phase

Table 87. Read Data Result Phase

Byte 0 Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte 4 Head Address

Byte 5 Sector Number

Byte 6 Number of Data Bytes in Sector

3.5.1.7 Read Deleted Data Command
3.5.1.7.1 Command Phase

Table 88. Read Deleted Data Command Phase

7 6 5 4 3 2
Byte O MT MFM  SK 0 1 1 0
Bytel 0 0 0 0 0 HD us
Byte 2 Track Number
Byte 3 Head Address

Byte 4 Sector Number
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Table88. Read Deleted Data Command Phase (Continued)

7 6 5 4 3 2 1 0
Byte5 Number of Data Bytes in Sector
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 Datalength

3.5.1.7.2 Execution Phase
Dataread from disk driveistransferred to system viaDMA or non-DMA modes.

3.5.1.7.3 Result Phase

Table89. Read Deleted Data Result Phase

Byte O Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte 4 Head Address

Byte5 Sector Number

Byte 6 Number of DataBytes in Sector

3.5.1.8 Read ID Command

3.5.1.8.1 Command Phase

Table 90. Read ID Command Phase

Byte 0 MFM 0 0 1 0 1 0
Byte1 0 0 0 0 0 HD us us

3.5.1.8.2 Execution Phase

The controller readsthe first I D field header bytes it can find and reports these bytesto the system in the result bytes.

3.5.1.8.3 Result Phase

Table91. Read ID Result Phase

Byte O Status Register 0
Byte 1 Status Register 1
Byte 2 Status Register 2
Byte 3 Track Number

Byte 4 Head Address




48 Chapter 3 Floppy Disk Controller

Table91. Read|D Result Phase (Continued)

Byte5

Sector Number

Byte 6

Number of Data Bytes in Sector

3.5.1.9 Read Track Command

3.5.1.9.1 Command Phase

Table 92. Read Track Command Phase

7 6 5 4 3 2
Byte O 0 MFM 0 0 0 0 1 0
Byte 1 0 0 0 0 0 HD us us
Byte 2 Track Number
Byte 3 Head Address
Byte 4 Sector Number
Byte5 Number of DataBytes in Sector
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 DatalLength

3.5.1.9.2 Execution Phase

Data read from the disk driveis transferred to the system via DMA or non-DMA modes.

3.5.1.9.3 Result Phase

Table 93. Read Track Result Phase

Byte O Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte4 Head Address

Byte5 Sector Number

Byte 6 Number of DataBytes in Sector

3.5.1.10 Recalibrate Command

3.5.1.10.1 Command Phase

Table 94. Recalibrate Command Phase

Byte O
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Table 94. Recalibrate Command Phase (Continued)

Bytel

0 0 0 0

us

us

3.5.1.10.2 Execution Phase
The disk drive head is stepped

3.5.1.10.3 Result Phase

out to Track O.

This command has nho result phase.

3.5.1.11 Relative Seek Co

3.5.1.11.1 Command Phase

mmand

Table 95. Relative Seek Command Phase

7 6 5 2

Byte0 1 DIR 0 0 1 1 1
Byte 1 0 0 0 0 HD us us
Byte 2 Relative Cylinder Number

3.5.1.11.2 Execution Phase

The disk drive head is stepped in or out a programmable number of tracks.
3.5.1.11.3 Result Phase
This command has no result phase.
3.5.1.12 Scan Equal Command
3.5.1.12.1 Command Phase
Table96. Scan Equal Command Phase
7 6 5

Byte0 MT MFM  SK 1 0 0 1
Bytel 0 0 0 0 HD us us
Byte 2 Track Number
Byte 3 Head Address
Byte 4 Sector Number
Byte5 Number of DataBytes in Sector
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 Scan Test
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3.5.1.12.2 Execution Phase

Data transferred from the system to the controller is compared to data read from the disk.

3.5.1.12.3 Result Phase

Table97. Scan Equal Result Phase

Byte O Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte 4 Head Address

Byte5 Sector Number

Byte 6 Number of Data Bytes in Sector

3.5.1.13 Scan High or Equal Command

3.5.1.13.1 Command Phase

Table98.  Scan High or Equal Command Phase

7 6 5 4 3 2
Byte O MT MFM  SK 1 1 1 0 1
Bytel 0 0 0 0 0 HD us us
Byte 2 Track Number
Byte 3 Head Address
Byte 4 Sector Number
Byte5 Number of DataBytes in Sector
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 Scan Test

3.5.1.13.2 Execution Phase

Data transferred from the systems to the controller is compared to data read from the disk.

3.5.1.13.3 Result Phase

Table99. Scan High or Equal Result Phase

Byte O Status Register 0
Byte 1 Status Register 1
Byte 2 Status Register 2
Byte 3 Track Number
Byte4 Head Address
Byte5 Sector Number
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Table 99. Scan High or Equal Result Phase (Continued)

Byte 6 Number of Data Bytes in Sector

3.5.1.14 Scan Low or Equ

3.5.1.14.1 Command Phase

al Command

Table 100. Scan Low or Equa Command Phase

7 6 5 4 3 2 1 0
Byte O MT MFM  SK 1 1 0 0 1
Bytel 0 0 0 0 0 HD us us
Byte 2 Track Number
Byte 3 Head Address
Byte4 Sector Number
Byte5 Number of DataBytes in Sector
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 Scan Test

3.5.1.14.2 Execution Phase

Data transferred from the system to the controller is compared to data read from the disk.

3.5.1.14.3 Result Phase

Table101. Scan Low or Equal Result Phase

Byte O Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte4 Head Address

Byte5 Sector Number

Byte 6 Number of Data Bytes in Sector

3.5.1.15 Seek Command

3.5.1.15.1 Command Phase

Table 102. Seek Command Phase

Byte O

Bytel
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Table 102. Seek Command Phase (Continued)

7 6 5 4 3 2

Byte 2 New Track Number after Seek

3.5.1.15.2 .Execution Phase
The disk drive head is stepped in or out to a programmable track.

3.5.1.15.3 Result Phase
This command has no result phase.

3.5.1.16 Sense Drive Status Command

3.5.1.16.1 Command Phase

Table 103. Sense Drive Status Command Phase

7 6 5 4 3 2
ByteO 0 0 0 0 0 1 0 0
Bytel 0 0 0 0 0 HD us us
3.5.1.16.2 Result Phase
Table104. Sense Drive Status Result Phase
Byte O Status Register 3
3.5.1.17 Sense Interrupt Status
3.5.1.17.1 Command Phase
Table 105. Senselnterrupt Status Command Phase
7 6 5 4 3 2
ByteO 0 0 0 0 1 0 0 0

3.5.1.17.2 Execution Phase
The status of the interrupt is reported.
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3.5.1.17.3 Result Phase

Table106. Senselnterrupt Status Result Phase

Byte O Status Register 0

Byte 1 Present Track Number

3.5.1.18 Specify Command
3.5.1.18.1 Command Phase

Table107. Specify Command Phase

7 6 5 4 3 2 1 0
ByteO 0 0 0 0 0 0 1 1
Byte 1 Stepping Rate Time Head Unload Time
Byte 2 Head Load Time DMA

3.5.1.18.2 Execution Phase
Internal registers are written.

3.5.1.18.3 Result Phase
This command has no result phase.

3.5.1.19 Verify Command
3.5.1.19.1 Command Phase

Table108. Verify Command Phase

7 6 5 4 3 2 1 0
Byte O MT MFM  SK 1 0 1 1 0
Bytel EC 0 0 0 0 HD us us
Byte 2 Track Number
Byte 3 Head Address
Byte 4 Sector Address
Byte5 Sector Size
Byte 6 End-of-Track
Byte7 Gap Length
Byte 8 Byte Transfer Control

3.5.1.19.2 Execution Phase
Dataisread from the disk but not transferred to the system.
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3.5.1.19.3 Result Phase

Table 109. Verify Result Phase

Byte O Status Register 0
Byte 1 Status Register 1
Byte 2 Status Register 2
Byte 3 Track Number
Byte 4 Head Address
Byte5 Sector Address
Byte 6 Sector Size

3.5.1.20 Version Command

3.5.1.20.1 Command Phase

Table 110. Version Command Phase

7 6 5 4 3 2 1
Byte O 0 0 0 1 0 0 0 0
3.5.1.20.2 Result Phase
Table 111. Version Result Phase
7 6 5 4 3 2 1
Byte O 1 0 0 X 0 0 0 0
X canbealorao.
3.5.1.21 Write Data Command
3.5.1.21.1 Command Phase
Table112. Write Data Command Phase
7 6 5 4 3 2
Byte O MT MFM 0 0 0 1 0 1
Byte 1 0 0 0 0 0 HD us us
Byte 2 Track Address
Byte 3 Head Address
Byte 4 Sector Number

Byte5

Number of Data Bytes in Sector
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Table 112.  Write DataCommand Phase (Continued)

7 6 5 4 3 2 1 0
Byte 6 End-of-Track
Byte 7 Gap Length
Byte 8 Datalength

3.5.1.21.2 Execution Phase
Dataistransferred from the system to the controller viaDMA or nhon-DMA modes and written to the disk.

3.5.1.21.3 Result Phase

Table 113. Write Data Result Phase

Byte O Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte4 Head Address

Byte5 Sector Number

Byte 6 Number of Data Bytes in Sector

3.5.1.22 Write Deleted Data Command
3.5.1.22.1 Command Phase

Table 114. Write Deleted Command Phase

7 6 5 4 3 2 1 0
Byte O MT MFM 0 0 1 0 0 1
Bytel 0 0 0 0 0 HD us us
Byte 2 Track Number
Byte 3 Head Address
Byte4 Sector Number
Byte5 Number of DataBytes in Sector
Byte 6 End of Track
Byte7 Gap Length
Byte 8 Datalength

3.5.1.22.2 Execution Phase
Dataistransferred from the system to the controller viaDMA or nhon-DMA modes and written to the disk.
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3.5.1.22.3 Result Phase

Table 115. Write Deleted Result Phase

Byte O Status Register 0

Byte 1 Status Register 1

Byte 2 Status Register 2

Byte 3 Track Number

Byte4 Head Address

Byte5 Sector Number

Byte 6 Number of DataBytes in Sector

3.5.1.23 Invalid Command Status

3.5.1.23.1 Result Phase. The following status byte is returned to the system microprocessor when an
invalid command has been received.

Table 116. Invalid Command Status Register

Byte O Status Register 0

Bits6 and 7 in status register 0 are used to indicate command status. When an invaid command is processed, this
informati on is returned to the system mi croprocessor in theinvalid command status byte.

3.5.2 Command Status Registers Provided During Result Phase

This section provides definitions for status registers 0 through 3. These registers are read through the Data Register
(FIFO) during the result phase of afloppy disk operation.

Requirements:
3-14. For the device described herein, the Command Status Registers described in Section 3.5.2.1, “ Status

Register 0 (ST0),” on page 56 through Section 3.5.2.4, “ Status Register 3 (ST3),” on page 58 must be
implemented as specified.

3.5.2.1 Status Register 0 (STO0)

Table117. Status Register O

Value when Vdueon

Bit Function OF passesto  Software
SW Reset
7,6 Inter rupt Code: These bits indicate the command interrupt status as given in Table 118 on page 57. 0 0
5 Seek End: This bitis set to 1 when the diskette drive completes the Seek or Recalibrate command, 0 0

or aread or write operation with an implied Seek command.
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Table117. Status Register 0 (Continued)

Value when Vdueon

Bit Function OF passesto ~ Software
SW Reset
4 Equipment Check: Thisbit issetto 1if the'-track 0' signal fails to occur after the Recalibrate com- 0 0
mand is issued or Relative Seek command to step outward beyond track 0
3 Reser ved: This bit isalwayssetto 0 0 0
2 Head Select: This bit indicates the state of the '-head select' signal after the command was per- 0 0
formed. When set to 1, head 1 was selected: when set to 0. head O was selected.
1,0 Drive Select: These bits indicate the drive that was selected upon command completion 0 0

Table 118. Encodings for the Interrupt Codefield (bits 7,6 of ST0)

Bits 76 Function
00 Normal Termination of Command
01 Abnormd Termination of Command
10 Invalid Command | ssued

Internal drive ready status changed
state during the drive polling mode.
Only occurs after a hardware or soft-
ware reset.

Table 119. Drive Select Bits

Bits10 Function

00 Drive0
01 Drivel
10 Drive2
11 Drive3

3.5.2.2 Status Register 1 (ST1)

Table 120.  Status Register 1

Bit Function

End-of-Track: This bit is set to 1 when the controller tries to gain access to a sector beyond the final sector of atrack

Reser ved: This bit isalwaysset to 0.

5 Cyclic Redundancy Check (CRC) Error: Thisbit isset to 1 when a CRC error is detected in the ID
or datafield.

Overrun/Underrun Error: Thisbitissetto 1if the system does not service the diskette drive controller within an ad-
equate period of time during datatransfers.

3 Reser ved: This bit isalwaysset to 0.
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Table 120. Status Register 1 (Continued)

Bit

Function

No Data: This bit isset to 1when

. The controller cannot find the sector specified in the | D register during the execution of a
Read Data, Read Deleted Data, or Read I D or Read Track command.

. The controller cannot read the I D field without an error during the execution of aRead 1D
command

. The starting sector cannot be found during the execution of a Read Track command

Not Writable: This bit is set to 1 when the -write-protect’ signal is active during aWrite Data, Write Deleted Data, or
Format Track command.

Missing AddressMar k: This bitis set to 1 if the controller cannot detect an address mark. When this occurs, bit O of
Status Register 2 indicates whether the missing address mark is an | D-address mark or a data-address mark.

3.5.2.3 Status Register 2 (ST2)

Table 121.  Status Register 2

Bit

Function

Reserved: This bit isalwaysset to 0.

Control Mark: Thisbit is set to 1 when the controller encounters a sector that has a deleted data-address mark during a
Read Data or a Read Deleted Data encounters a data address mark.

CRC Error in Data Field: This bit isset to 1if the controller detects an error in the data.

Wrong Track: Thisbitis set to 1 when the track number on the media is different from the track number issued by the
command. When this occurs, bit 2 of Status Register 1 is also set to 1.

Scan Equal Hit: This bit is set to 1 during the Scan command when the conditions for Equd are satisfied.

Scan Not Satisfied: This bit is set to 1 during the Scan Command when the scan conditions are not satisfied.

Bad Track: This bitis set to 1 when the track number on the media is hex FF and the track number vaue stored in the
IDregister is not hex FF. When this occurs, bit 2 of Status Register 1 is aso set to 1.

Missng AddressMark in Data Field: This bit is set to 1 when the controller cannot find adata-address mark. This bit
is set to Owhen an | D-address mark cannot be found. Bit O in Status Register O is also set if either address mark cannot
be found.

3.5.2.4 Status Register 3 (ST3)

Table 122.  Status Register 3

Bit

Function

Reser ved: This bitisawayssetto 0

WriteProtect: This bit indicates the status of the -write-protect' signal from the diskette drive. When thisbitissetto 1,
the-write-protect’ signal is active.

Reser ved: Thisbitisawaysset to 1.

Track O: This bit indicates the status of the -track O' signal from the diskette drive. When this bit is set to 1, the -track 0
signd is active.

Reser ved: Thisbitisawaysset to 1.
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Table 122. Status Register 3 (Continued)

Bit Function

Head Addr ess: This bit indicates the status of the '-head 1 select' signal from the diskette drive. When this bitisset to 1,
the'-head 1 select' signal is active.

1,0 Drive Select: These bits indicate the current selected drive.

3.6 Media Sense

Requirements:

3-15. Thedisk drive must be configured in a manner such that the Disk in Place signal, on the drive, is
functionally a state indicator of the presence of media. The signal must assert an active level whenadisk is
present in the drive and an inactive level when thereis no disk in the drive.

3.7 Floppy Drive Signal Connector Pin Assignment

Table123. Signad Connector Pin Assignment

PIN Signal Description PIN Signd Description
1 AUTO EJECT * 2 N. C.
3 Key 4 HD OUT
5 Ground 6 DISK IN PLACE *
7 Ground 8 INDEX
9 Ground 10 DRIVE SELECT 0
11 Ground 12 DRIVE SELECT 1
13 Ground 14 N.C.
15 Ground 16 MOTOR ON
17 Ground 18 DIRECTION
19 Ground 20 STEP
21 Ground 22 WRITE DATA
23 Ground 24 WRITE GATE
25 Ground 26 TRACK 00
27 Ground 28 WRITE PROTECT
29 Ground 30 READ DATA
31 Ground 32 HEAD SELECT
33 Ground 34 DISK CHANGE

Har dware I mplementation Note: Signal pinsAUTOEJECT, signal pin 1, DISK IN PLACE, signa pin 6, and
HD OUT, signa pin 4, must be gated by Drive Select, if the driveis usedin platforms that support multiple
drives.
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3.8 References

1. National Semiconductor PC87308VUL Superl/O Enhanced Sdewinder Lite Plug and Play Compatible Chip,
with a Floppy Disk Controller, a Keyboard Controller, a Real-Time Clock, Two UARTSs, Full Infrared Support
and an IEEE1284 Parallel Port [24].

2. National Semiconductor PC87332VLJ (3.3V/5V) and PC87332VLJ-5 (5V) (Superl/O Il Premium Green)
with Floppy Disk Controller, Dual UARTs, IEEE 1284 Parallel Port, and IDE Interface [26].



Legacy Interrupt Controller

4.1 Overview and General Requirements

Table 124 on page 61 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-
tem Architecture, showing the minimum requirements of the Legacy | nterrupt Controller on CHRP platforms.

Table124. Minimum Platform Requirements for the Legacy I nterrupt Controller

Q@ o
- ] S 9 -
Subsystem Specification i 2 Description
5k 5
Interrupt Controller 8259 tree R R R 8259 required for I|SA compatibility.

The ISA Legacy Interrupt Controller is actually a set of two programmable interrupt controllers (Pl Cs) referred to as
PIC1 (master) and PIC2 (slave) in this book. Their interrupt lines may be set as edge or level sensitive. There are a
number of possible modesfor determining the order in which the priority of interruptsis resolved. The two controllers
are cascaded in a master/slave relationship as shown in Figure 3.

IRQO
IRQL

PIC1
(master)

\BAAI

|

(INTR)
IRQ3 >
IRQ4
IRQ5
IRQ6
IRQ7

/’_

BN 111

Interrupt
(to CPU)

~N~No b wWNREO

IRQ8 — g
IRQQ —
IRQIQ ————— P
IRQIL — g
IRQ12 ————————— P
IRQ13

IRQI4 — g
IRQ15 >

PIC2
(slave)

~No g~ WNEO

Figure3. PIC1 (master) and PIC2 (slave) Interconnection
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Requirements:
4-1. The Legacy Interrupt Controller must be represented by the Open Firmware properties “name=interrupt-
controller, device_ty pe=interrupt-controller, compatible=chrp,iic”.

4-2. The Legacy Interrupt Controller registers specified herein must be implemented precisely as defined,
including the following characteristics and bit definitions:

a. Table 129, “Initialization Command Word 1 Register (ICW1) Characteristics,” on page 68
b. Table 130, “Initialization Command Word 1 Register (ICW1),” on page 68
c. Table 131, “Initialization Command Word 2 Register (ICW2) Characteristics,” on page 68
d. Table 132, “Initialization Command Word 2 Register (ICW2),” on page 68

e. Table 133, “Initialization Command Word 3 Register (I CW3) Characteristics,” on page 69.
f. Table 134, “Initialization Command Word 3 Register (ICW3),” on page 69
g. Table 135, “Initialization Command Word 4 Register (I CW4) Characteristics,” on page 69
h. Table 136, “Initialization Command Word 4 Register (ICW4),” on page 70
i. Table 137, “Operation Command Word 1 Register (OCW1) Characteristics,” on page 70
j. Table 138, “Operation Command Word 1 Register (OCW1),” on page 70
k. Table 140, “Operation Command Word 2 Register (OCW2) Characteristics,” on page 71
I.  Table 141, “Operation Command Word 2 Register (OCW2),” on page 71
m. Table 144, “Operation Command Word 3Register (OCW3) Characteristics,” on page 72
n. Table 145, “Operation Command Word 3 Register (OCW3),” on page 73
0. Table 149, “Interrupt Reguest Register (IRR) Characteristics,” on page 74
p. Table 143, “Interrupt Level Select Encodings,” on page 72
g. Table 151, “In-Service Register (ISR) Characteristics,” on page 75
r. Table 143, “Interrupt Level Select Encodings,” on page 72
s. Table 153, “Edge/Level Interrupt Control Register 1 (EL11) Characteristics,” on page 76
t. Table 154, “Edge/L evel Interrupt Control 1 Register (EL11),” on page 76
u. Table 155, “Edge/Level Interrupt Control 2 Register (EL12) Characteristics,” on page 76
v. Table 156, “Edge/L evel Interrupt Control 2 Register (EL12),” on page 76

4-3. This device must be addressed purely with | SA /0O addresses.

Har dware and Software I mplementation Note: The first 256 bytes of 1/0 spaceisnot aliased (that is, dl of the
bits of the address are decoded).
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4.2 Open Firmware Requirements

Requirements:

44

4-5.

4-7.

4-9.

The registers shown in Table 125 on page 63 must all be present in the device defined in this chapter. The
Open Firmware “reg” property information given in Table 125 on page 63 must be provided in the Open
Firmware device tree for this device.

This device must be represented as an | SA device and achild of the ISA bridge node in the Open Firmware
device tree.

This device must be represented in the OF device tree as specified in the CHRP | SA Interrupt Controller
Device Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware.

All thereg property fields specified in table Table 125 on page 63 must comply with the format givenin the
ISA (or PCI) bus binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std 1275-
1994.

The following events must occur during the OF initialization sequence:

a. Thelevel sense circuit must be set to the Edge-sensitive mode (following the initialization procedure,
interrupts are generated by a low-to-high transition high level on the interrupt request input.)

b. TRQ7 must be assigned priority 7.
c. PIC2(dave) mode address must be set to 7.

d. The Specia Mask mode must be cleared and the controller must be set to read the | nterrupt Request
register.

e. All Legacy Interrupt Controller registers must be initialized to the values indicated in the “Value in
Register When OF Passes Control to OS” column of the characteristics table corresponding to the spe-
cific register.

Pl C1 (master) interrupt controller must be initialized before Pl C2 (slave) interrupt controller. Failure to do
so will cause unexpected results.

A synopsis of the registers for the ISA Interrupt Controller is given in Table 125. The positions in the reg property
(denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in Table 125 on page 63. The format is
described in the referenced Open Firmware bindings.

Table 125. Legacy Interrupt Controller Registers

Offset Register Open Firmware Reg Property
0 ICW1,0CW2,0CW3, IRR, ISR (PIC1 (master))
reg[1], size=2
1 ICW2,|CW3,|CW4,0CW1 (PIC1 (master))
0 ICW1,0CW2,0CW3, IRR, ISR (PIC2 (slave))
reg[2], size=2

1 ICW2,] CW3,| CW4,0CW1 (PIC2 (slave))




64 Chapter 4 Legacy Interrupt Controller

4.3

Table 125. Legacy Interrupt Controller Registers (Continued)

Offset Register Open Firmware Reg Property
0 Edge Level Control register EL11 (PIC1 (master)) reg[3], size=2
1 Edge Level Control register ELI2 (PIC2 (slave))

Modes of Operation

The interrupt controller can be progranmed to operate in a variety of modes through the Initialization Command
Word registers (I CW) and the Operation Command Word registers (OCW).

A typical interrupt request occurs in the following manner:

1

One or more 'interrupt request’ lines are set active, causing the corresponding bits in the I nterrupt Request
register (IRR) to be set to 1.

The interrupt controller eval uates the requests and sends an interrupt to the system microprocessor, if appro-
priate.

The system microprocessor receives the interrupt and enters the interrupt handler. The interrupt handler re-
sponds by reading 1 byte from the Interrupt Acknowledge address (at an address as specified by the 8259-in-
terrupt-acknowledge property of the OF device tree). This generates an 'interrupt acknowledge' cycle to the
interrupt controller. (Refer to the 8259-interr upt-acknowledge property in the CHRP System Binding for
Open Firmware for information on how to perform the interrupt acknowledge.)

The controller prioritizes the unmasked bitsin the Interrupt Request register and strobes the bit with the high-
est priority into the corresponding bit of the In-Service register (ISR). No data is sent to the system micropro-
Cessor.

Har dware and Software | mplementation Note: If an interrupt request is not present (for example, the duration
of the request was too short), the interrupt controller issues an interrupt 7.

The interrupt controller responds by releasing the interrupt vector (as defined in Table 126 on page 65) on the
data bus, where it is read by the system microprocessor.

The highest priority in-service bit remains set to 1 until the proper End of I nterrupt (EOI) command isissued
by the interrupt subroutine. If the source of the interrupt request is Pl C2 (slave) interrupt controller, the EOI
command must be issued twice, oncefor PIC1 (master) and once for PIC2 (slave). When the in-service bit is
set to 1, all other interrupts with the same or lower priority are inhibited; interrupts with a higher priority
cause an interrupt, but the interrupt is acknowledged only if the system microprocessor interrupt input has
been re-enabled by software.

The EOI command has two forms, specific and non-specific. The controller responds to a Non-specific EOl com-
mand by resetting the highest in-service bit of those set. In amode that uses afully-nested interrupt structure, the high-

est in-service bit set is the level that was just acknowledged and serviced. In a mode that can use other than the

fully-nested interrupt structure, a Specific EOl command is required to define which in-service bit to reset.

Software Implementation Note: An in-service bit masked by an Interrupt Mask register (see OCW1 for information
about the Interrupt Mask register) bit cannot be reset by a Non-specific EOl command when in the Specid Mask mode. See-

Section 4.4.2.2, “ Operation Command Word 2 Register (OCW2),” on page 71 for more i nformation.
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Requirements:

4-10.

4-1.

4-12.

The Interrupt Controller must respond to a Non-specific EOl command by resetting the highest in-service
bit of those set.

The Interrupt Controller must respond to a Specific EOl command by resetting the in-service bit that
corresponds to the one specified by the command, except that an in-service bit masked by an I nterrupt
Mask register bit cannot be reset by a Non-specific EOl command when in the Special Mask mode.

The Interrupt Vector which isreturned by the Interrupt Controller on an Interrupt Acknowledge cycle must
be as defined in Table 126 on page 65.

Table126. Interrupt Vector

Bit Description

73 Inter rupt Vector Base Addr ess: This field defines the base address of the interrupt vector tablewhich gives the base addresses for the
interrupt routines associated with each |RQ on the controller.

2.0 Inter rupt: Interrupt level that is currently requiring service and has been deemed to have the highest priority by thisinterrupt controller.

IRQO is represented by 0b000, |RQ1 by 0b001, and so on.

4.3.1 Fully-Nested Mode

In the Fully-nested mode, interrupts are prioritized from O (highest priority) to 7 (lowest priority). Thismode is auto-
matically entered after initialization unless another mode has been programmed.

Software Implementation Note: The priorities can be changed by rotating the prioriti es through OCW2.

4.3.2 Special Fully-Nested Mode

The Special Fully-nested mode is used when the priority in Pl C2 (slave) interrupt controller must be preserved. This
mode is similar to the normal Nested mode with the following exceptions:

*  WhenPIC2's (dave's) interrupt request isin service, PIC2 (slave) can still generate additional interrupt re-
quests of a higher priority that are recognized by PIC1 (master), and initiate interrupts to the system micro-
processor.

«  Upon completion of the interrupt service routine, software must send a Non-specific EOI (see 4.4.2.2, “Oper-
ation Command Word 2 Register (OCW2),” on page 71) command to PIC2 (slave) and read PIC2 (dave)'s
In-Service register to ensure that the interrupt just serviced was the only one generated by Pl C2 (slave). If the
register is not empty, additional interrupts are pending, and an EOl command must not be sent to PI C1 (mas-
ter). If the register is empty, a Non-specific EOl command can be sent to Pl C1 (master).

The Special Fully-nested mode is selected through | CWA4.
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4.3.3 Automatic Rotation Mode

The Automatic Rotation mode accommodates multiple devices having the same interrupt priority. After a device is
serviced, it is assigned the lowest priority and must wait until all other devices requesting an interrupt are serviced once
before the first deviceis serviced again.

The following example shows the status and priorities of the In-Service register bits before and after bit 4 of the
Interrupt Request register is serviced by a Rotation on Non-specific EOl command.

Table 127. Automatic Rotation Mode

In-Service Register Status Before Service Priority BeforeRotate  Status After Service  Priority After Rotate

Bits
7 0 7(Lowest) 0 2
6 1(Pending) 6 1(Pending) 1
5 0 5 0 0
4 1(Pending) 4 0(Serviced) 7
3 0 3 0 6
2 0 2 0 5
1 0 1 0 4
0 0 O(Highest) 0 3

The Automatic Rotation mode is selected by issuing a Rotation on Non-specific EOl command through OCW2.

4.3.4 Specific Rotation Mode

The Specific Rotation mode allows the application programs to change the priority levels by assigning the lowest
priority to a specific interrupt level. Once the lowest level priority is selected, all other priority levels change. Thefol-
lowing example compares the normal Nested mode to the Specific Rotation mode with bit 5 of the Interrupt Request
register set to the lowest priority.

Table 128. Specific Rotation Mode When | RQ5 Has the Lowest Priority

Intl;arer;;t;;cgttj:st Nested Mode Priority L evel Specific Rotatigr;aM odePriority
7 7 (Lowest) 1
6 6 0 (Highest)
5 5 7 (Lowest)
4 4 6

3 3 5
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Table 128. Specific Rotation Mode When | RQ5 Has the Lowest Priority (Continued)

IntFt:rer;gtt;eBc:Ltj:st Nested Mode Priority Level Specific RotatiZSEIM odePriority
2 2 4
1 1 3
0 0 (Highest) 2

The Specific Rotation mode is selected by issuing a Rotate on Specific EOl command or a Set Priority command
through OCW2.

4.3.5 Special Mask Mode

The Special Mask mode allows application programs to selectively enable and disable any interrupt or combination
of interrupts at any time during its execution. The Special Mask mode is selected through OCW3 register. Once the
controller is in the Special Mask mode, setting a bit in OCW1 sets a corresponding bit in the Interrupt Mask register
(see OCW1 for information about the Interrupt Mask register). Each bit set in the Interrupt Mask register masks the
corresponding interrupt channel. Interrupt channels above and below a masked channel are not aff ected.

4.3.6 Poll Mode

Devices are serviced by software issuing a Poll command through OCW3. The first 'read’ pulse following a Poll
command is interpreted by the controller as an 'interrupt acknowledge' pulse; the controller sets the appropriate
in-service bit and reads the priority level. The byte placed on the data bus during a'read’ pulse isshownin Table 148 on

page 73.

4.4 Programming the Interrupt Controller

Before the system can be used, the interrupt controller must be programmed with four sequential writes to the four
ICW registers. When PIC1 (master) is written at address reg[1]+0x00 or PIC2 (slave) at address reg[2]+0x00) with
data bit 4 set to 1, the command is recognized as awrite to ICW1. ICW1 isthefirst of four writes to the | CW registers
that are required to program the interrupt controller. Once the interrupt controller isinitialized by the |CW registers, the
controller can be further programmed by the OCW registers to operate in other modes.

4.4.1 Initialization Command Word Registers
Requirements:

4-13. For the device described herein, al the registers defined in sections 4.4.1.1 through 4.4.1.4 must be
implemented precisely as described herein.

4-14. During the initialization sequence ICW1 must be written before writing | CW2, | CW2 must be written
before writing | CW3, and | CW3 must be written before writing |CW4.
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4.4.1.1 Initialization Command Word 1 Register (ICW1)

Table 129. Initialization Command Word 1 Register (ICW1) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1byte Sequenced reg[1],reg[2] 0x00 Write Only 0x01 N/A

Thisisthefirst register written in afour register sequence. This byte must be set for each PIC. Each PIC hasa differ-
ent base address. The other three | CW registers are written consecutively at off set Ox1.

Table130. Initialization Command Word 1 Register (ICW1)

Bit Function

7-5 Reserved: Must besetto 0.

ICW/OCW Select: Must be set to 1to select ICW1, ICW2, ICW3 and ICW4. 0for OCW1,
OCW2, OCW3.

3 Edge/Level Bank Select (LTIM): Must be set to O

2-1 Reserved: Must be set to 0.

0 ICW4 WriteRequired: Must be set to 1.

4.4.1.2 Initialization Command Word 2 Register (ICW2)

Table 131. Initialization Command Word 2 Register (I CW2) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
. 0x00for PIC1
1byte Sequenced reg[1],reg[2] 0x01 Write Only Ox08for PIC2 N/A

This byte defines the address returned as the Interrupt Vector. Bits 7 through 3 define the five high-order bits of the
interrupt vector address as shown in Table 132. See also Table 126 on page 65 for a complete definition of the Interrupt
Vector.

Table132. Initialization Command Word 2 Register (ICW2)

Bit Function

Inter rupt Vector Base Address: This field defines the base address of the interrupt vector table
7-3  which gives the base addresses for the interrupt routines associated with each IRQ on the control-
ler. Must be set to 0b00000 for PIC1 (master) and to 0b00001 for PIC2 (slave)
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Table132. Initialization Command Word 2 Register (ICW2) (Continued)

Bit Function

2-0 Reserved: Must be set to 0b000.

4.4.1.3 Initialization Command Word 3 Register (ICW3)

Table 133. Initialization Command Word 3 Register (I CW3) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
. 0x04 for PIC1
1byte Sequenced reg[1], reg[2] 0x01 Write Only 0x02 for PCI2 N/A

In Pl C1 (master), this register hasavalue of 0x04 to tell PIC1 (master) that hardware interrupt IRQ2 indicates an in-
terrupt is pending in the PIC2 (slave) controller. If IRQ2 wins the interrupt selection in PIC1 (master) then PIC1 (mas-

ter) will assert the INT line to the processor. When the processor issues an acknowledge, Pl C1 (master) will tell PIC2
(slave) to respond to the acknowledge cycle.

In PIC2 (dave), this register has avalue of 0x02 to tell PIC2 (slave) that it is using hardware interrupt 2 to commu-
nicate with PIC1 (master). Pl C2 (slave) compares this identification code which is broadcast from the PIC1 (master)
controller; if they are equal, PIC2 (slave) releases the interrupt vector address on the data bus.

Table134. Initialization Command Word 3 Register (ICW3)

Bit Function

7-0 Reser ved: Must be set to 0x04 for PIC1 and 0x02 for PIC2

4.4.1.4 Initialization Command Word 4 Register (ICW4)

Table 135. Initialization Command Word 4 Register (I CW4) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1byte Sequenced reg[1],reg[2] 0x01 Write Only 0x01 N/A

This byte is written to either PIC1 (master) or PIC2 (dave).
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Table136. Initialization Command Word 4 Register (ICW4)

Bit Function

7-5 Reser ved: Must be set to 0.

4 Special Fully-Nested Mode (SFNM): If 1, then the PIC is in Special Fully-nested mode.

3-2 Reser ved: Must be set to 0b0O0.

1 Automatic EOI: Must be set to 0.

0 80286/80386 Microprocessor Mode: Must be set to 1.

4.4.2 Operation Command Word Registers

Requirements:

4-15. For the device described herein, al the registers defined in sections 4.4.2.1 through 4.4.4 must be
implemented precisely as described herein.

4-16. Writing of OCW1 must be performed before the OCW2 and OCW 3 registers are accessed, and following
the |CW1-4 initialization sequence.

4.4.2.1 Operation Command Word1 Register (OCW1)

Table 137. Operation Command Word 1 Register (OCW1) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1byte Sequenced reg[1], reg[2] 0x01 Read/Write OxFF N/A

This byte controls the individual bitsin the I nterrupt Mask register. Reading this register will return the value in the
Interrupt Mask register.

Table138. Operation Command Word 1 Register (OCW1)

Bit Function

Interrupt Mask: When aliswritten to any bit in this register, the corresponding IRQ line is masked. See

7-0 L
Table 139 on page 71 for the bit-to-interrupt level correspondence.
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Table 139. OCW1 Bit Definitions

Bit PIC1 (master) PIC2 (slave)
7 Interrupt Level 7 Interrupt Level 15
6 Interrupt Level 6 Interrupt Level 14
5 Interrupt Level 5 Interrupt Level 13
4 Interrupt Level 4 Interrupt Level 12
3 Interrupt Level 3 Interrupt Level 11
2 Interrupt Level 2 Interrupt Level 10
1 Interrupt Level 1 Interrupt Level 9
0 Interrupt Level O Interrupt Level 8

Software Implementation Note: Masking of interrupt level 2 on PCI 1 (master) will effectively mask off all the
interrupts which come into PIC2 (slave).

4.4.2.2 Operation Command Word 2 Register (OCW2)

Table 140. Operation Command Word 2 Register (OCW2) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1byte Direct reg[1],reg[2] 0x00 Write Only 0x00 N/A

Thisregister controls the interrupt priority and EOl command.

Table141. Operation Command Word 2 Register (OCW?2)

Bit Function

Rotateand EOI Codes (R,SL, EOI): These bits define the Rotate mode, EOI

5 mode, or acombination of the two, as shown in Table 142

4-3 OCW?2 Select: Must be 0b00 to select OCW2

Interrupt L evel Select: When bit 6, SL, is setto 1, theencoding of thisfield as

z0 shown in Table 143 determines which interrupt channel the command acts on
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Table 142. Rotate and EOI Code

Bit7 Bit6 Bit5 Function
0 0 0 Reserved
0 0 1 Non-specific EOl Command
0 1 0 No Operation
0 1 1 Specific EOl Command. I nterrupt channel number determined
by setting of bits 2-0 (see Table 143)
1 0 0 Reserved
1 0 1 Rotate on Non-specific EOl Command
1 1 0 Set Priority Command. Interrupt channel number determined by
setting of bits 2-0 (see Table 143)
1 1 1 Rotate on Specific_EOI Cqmmand. I nterrupt channel number
determined by setting of bits 2-0 (see Table 143)
Table 143. Interrupt Level Select Encodings
Bit2  Bitl  BitO PIC1 (master) PIC2 (Slave)
Function Function
0 0 0 Interrupt Level O Interrupt Level 8
0 0 1 Interrupt Level 1 Interrupt Level 9
0 1 0 Interrupt Level 2 Interrupt Level 10
0 1 1 Interrupt Level 3 Interrupt Level 11
1 0 0 Interrupt Level 4 Interrupt Level 12
1 0 1 Interrupt Level 5 Interrupt Level 13
1 1 0 Interrupt Level 6 Interrupt Level 14
1 1 1 Interrupt Level 7 Interrupt Level 15

4.4.2.3 Operation Command Word 3 Register (OCW3)

Table 144. Operation Command Word 3Register (OCW3) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1 byte Direct reg[1], reg[2] 0x00 Read/Write 0x00 N/A
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This byte is written to either PIC1 (master) or PIC2 (dave).

Table 145. Operation Command Word 3 Register (OCW3)

Bit Function

7 Reser ved: Must be set to O

6  Specia Mak Mode (SMM): See Table 146 on page 73

5  Enable Special Mask Mode (ESMM): See Table 146 on page 73

4-3  OCWS3 Select: Must be set to 0b01

Poll Command: When set to a 0, the Poll Command mode is disabled, and when set to a 1, the next read to
2 oneof theInterrupt Controller registers will be treated as an Interrupt Acknowledge cycle, with the data being
returned as shown in Table 148 on page 73

Register Read Command: After programming these bits with the appropriate values as shown in Table 147

1,0 . ; : . .
' on page 73, the selected register (IRR or I SR) can be read repeatedly without having to write OCW3 each time
Table 146. Interpretation of SMM and ESMM Bits
Bit6 Bit5 Function
(SMM)  (ESMM)
0 0 No Action
0 1 Normal Mask Mode
1 0 No Action
1 1 Specid Mask Mode
Table 147. Register Read Command Decoding
Bits 1-0 Function
0x00 No Action
0x01 No Action
0x02 Read Interrupt Request Register (IRR): See Table 149 on page 74
0x03 Read In-Ser vice Register (ISR): See Table 151 on page 75
Table 148.  Interrupt Controller Response to a Read Pulse In Poll Mode
Bit Function

7 Inter rupt Present: Thisbitissetto 1if aninterrupt is present.
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Table 148.

Interrupt Controller Response to a Read Pulse In Poll Mode (Continued)

Bit Function
6-3 Undefined: These bits are not used and may be set to either O or 1.
2-0 Highest Priority Level: These bits contain the binary code of the highest priority level requesting service

4.4.3 Interrupt Request Register (IRR)

The | RR indicates interrupts which are pending and which have not yet been acknowledged.

Table 149. Interrupt Request Register (I RR) Characteristics
Register Register Associated Offset Read/Write Vauein Register when
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS
Indirect
1byte (OCW3) reg[1], reg[2] 0x00 Read Only

A linany bit position indicates that there is an interrupt pending, a O indicates that there is no interrupt pending.

Table150. Interrupt Request Register (IRR)
Bit PIC1 (master) PIC2 (slave)

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

4.4.4 In-Service Register (ISR)

Requirements:

4-17. When anin-servicebit isset to 1, the Interrupt Controller must inhibit all other interrupts with the same or

lower priority.

4-18. When anin-service bitis set to 1, the I nterrupt Controller must alow interrupts with a higher priority to

cause an interrupt.
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The | SR indicates interrupts which have been acknowledged but have not had an EOI issued for them.

Table151. In-Service Register (I SR) Characteristics
Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
Indirect
1byte (OCW3) reg[1], reg[2] 0x00 Read Only N/A

If the bitisa 1, then there is an interrupt that has been acknowledged but not yet EOI’ ed.

Table 152. In-Service Register (ISR)
Bit PIC1 (master) PIC2 (slave)
7 Interrupt Level 7 Interrupt Level 15
6 Interrupt Level 6 Interrupt Level 14
5 Interrupt Level 5 Interrupt Level 13
4 Interrupt Level 4 Interrupt Level 12
3 Interrupt Level 3 Interrupt Level 11
2 Interrupt Level 2 Interrupt Level 10
1 Interrupt Level 1 Interrupt Level 9
0 Interrupt Level O Interrupt Level 8

4.4.5 Edge/Level Interrupt Control Registers (ELI)

These registers determine whether an interrupt is edge sensitive or level sensitive. After reset all registers are set to

edge sensitive (positive edge; that is, low to high transition).

Requirements:

4-19. For the device described herein, al the registers defined in sections 4.4.5.1 through 4.4.5.2 must be
implemented precisely as described herein.
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4.45.1 Edge/Level Interrupt Control Register for PIC1 (master) (ELI1)

Table 153. Edge/Level I nterrupt Control Register 1 (ELI1) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1byte Direct reg[3] 0x00 Read/Write Undefined N/A

Table154. Edge/Leve Interrupt Control 1 Register (ELI1)

Bit Function
7 INT7: When thisbitis O, INT7 is edge sensitive, when this bit isa 1, INT7 islevel-sensitive
6 INT6: When this bitis0, INT6is edge sensitive, when this bitisa 1, INT6 is level-sensitive
5 INT5: When this bitis0, INT5is edge sensitive, when this bitisa 1, INT5is level-sensitive
4 INT4: When this bit is0, INT4 is edge sensitive. when this bitisa 1, INT4 is level-sensitive
3 INT3: When this bit is0, INT3is edge sensitive, when this bitisa 1, INT3 s level-sensitive

2-0 Reserved: AlwaysO (INT2, INT1, and INTO are edge sensitive)

4.45.2 Edge/Level Interrupt Control Register for PIC2 (slave) (ELI2)

Table 155. Edge/Level I nterrupt Control 2 Register (ELI2) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
1byte Direct reg[3] 0x01 Read/Write Undefined N/A

Table156. Edge/Leve Interrupt Control 2 Register (ELI2)

Bit Function
7 INT15: When this bitis 0, INT15is edge sensitive, when thisbitisa 1, INT15is level-sensitive
6 INT14: When this bitis 0, INT14 is edge sensitive when this bit isa 1, INT14 s level-sensitive

5 Reser ved: Always 0 (INT13 is edge sensitive)

4 INT12: When this bitis 0, INT12is edge sensitive, when thisbitisa 1, INT12 s level-sensitive

3 INT11: When thisbitisO, INT11is edge sensitive, when this bitisa 1, INT11is level-sensitive
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Table156. Edge/Leve Interrupt Control 2 Register (EL12) (Continued)

Bit Function
2 INT10: When this bitis 0, INT10is edge sensitive, when thisbitisa 1, INT10is level-sensitive
1 INT9: When this bit is0, INT9is edge sensitive, when thisbitisa 1, INT9is level-sensitive

0 Reser ved: Always 0 (INT8is edge sensitive)

4.5 References

1. Intel 82378ZB System /O (S O), Intel Corporation [20].

2. 9.82C565 System I/O Controller with PCI Arbiter, Symphony L aboratories Publication Number 2565; Ver-
sion A.2.[21]






Parallel Port Controller

Printers have been attached to PCs, workstations, and serversfor yearswith a parallel port which was developed sev-
eral decades ago. Over time, this port has been enhanced to increase the data rates and add additional capabilities such
as bi-directional capabilities, addressing, datatransfer by DMA, and so on. This chapter describes the requirements for
the Parallel Port Controller for platforms based on the Common Hardware Reference Platform architecture.

Thefollowing isagenera description of the various modes in which the Parallel Port Controller can operate:

Standard Parallel Port (SPP) mode is a combination of what the | EEE 1284 Specification [25] calls Compat-
ibility mode and Nibble mode. Thisis one of the oldest modes and therefore the most common. Data transfer
in thismode is mainly in the forward (host to device) direction, however four control lines can be used for
transfer of datafrom the device to the host in the Nibble mode. All IEEE 1284 compatible devices are re-
quired to support the Nibble mode. In this mode there is no FI FO or DMA and al of the datatransfer is done
abyte at atime (or anibble at atime in the Nibble mode) by the software, with software also directly control-
ling the control signalsto the printer.

SPP Extended mode adds to the SPP mode the capability of transferring data in the reverse direction (device
to host) on the eight data lines. The | EEE 1284 Specification calls this the Byte mode.

Enhanced Parallel Port (EPP) mode provides an interface from the host to the device which issimilar to a
typical microprocessor bus, with an address being provided followed by one or more data cycles. Although
there are two modes detailed in some specifications (versions 1.7 and 1.9), only the more recent version, 1.9,
isrequired by this architecture. In this mode, the address and data strobe signals to the device are controlled
by the Parallel Port Controller hardware. This mode istied to the microprocessor bus timing, with the bus be-
ing held off for the duration of the read or write to the bus (there is no First-In-First-Out (FI FO) buffer to
speed-match the incoming data to the outgoing data).

Extended Capabilities Port (ECP) mode has channel-like characteristics where there are 128 channels that
can be addressed between the host and the device. All signalling is controlled by the Parallel Port Controller
hardware and there is aH FO to match the speed of the system to the speed of the peripheral device, so thisis
one of the faster modes of operation. I n addition, filling and emptying of the FIFO by DMA is supported in
this mode.

Parallel Port FIFO mode islike the SPP mode except there is hardware control of the interface signals, there
is a speed matching FI FO, and DMA is supported for FIFO fill. Note that the direction for thismodeis al-
ways the forward direction.

Test FIFO modeis amode for testing of ECP device driver code and for diagnostic purposes. Data written to
the FIFO can be read back. Data goes out on the data lines to the attached peripheral device, but the device
does not see the data because the control signals are not activated.

The capabilities of these modes are summarized in Table 157 on page 80.
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Table 157. Summary of the Parallel Port Controller Modes

Control of Interface Signals

Mode Reverse Data Path
by Hardware or Software?

F FO Support DMA Support  Device Address Control

PP 4 bits wamterface Software No No None
control signals

SPP Extended 8 bit viadaalines Software No No None
EPP 8 bit viadaalines Hardware No No 8 bit address
ECP 8 bit viadaalines Hardware Yes Yes 7 bit channd address

Forward direction
Parallel Port FIFO  only (reverse sup- Hardware Yes Yes None
port via SPP mode)

Reverse direction

gives datawritten

to FIFO inforward
direction

Test FIFO N/A Yes Yes N/A

5.1 General Requirements

Table 158 on page 80 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-
tem Architecture, showing the minimum requirements of the Parallel Port Controller on CHRP platforms.

Table158. Minimum Platform Requirements for the Parallel Port

o o
o] c

Subsystem Specification é 2 g Description
5 k5

Parallel Port P1284+ECPMode O R O  [20]

Requirements:

5-1. TheParalel Port Controller must be represented by the Open Firmware properties “name=parallel,
device_type=parallel, compatible=chrp,ecp’. The compatible property may also specify the compatible
property for the National Semiconductor 87308 in addition to “chrp,ecp”.

5-2.  TheParallel Port Controller must protect against damage to the Parallel Port Controller electronicsin the
case where the device attached to the Parallel Port hasits power on and the Parallel Port Controller hasiits
power off.

5-3. Thedevice described herein must support the following modes as defined by the IEEE 1284 Specification:
Compatibility mode, Nibble mode (Compatibility mode along with Nibble mode are called Standard
Parallel Port, SPP, in this specification), Byte mode (called SPP Extended mode in this specification),
Enhanced Parallel Port (EPP) mode (version 1.9), and Extended Capabilities Port (ECP) mode.

5-4. Thedevice described herein must also support the following modes as described herein: Parallel Port FIFO
mode and Test FI FO mode.
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5-5. This device must be addressed purely with 1 SA /O addresses which can be aliased or non-aliased.

5-6. DMA transfersfro the Parallel Port Controller must be 8-bit DMA slave and must support at |least the I SA

Compatible Timing mode.
5-7. Interrupts generated by the Parallel Port Controller must be high true edge sensitive.

5-8. TheParallel Port Controller registers specified herein must be implemented precisely as defined, including

the following characteristics and bit definitions:

a. Table 160, “Data Register (DTR) Characteristics,” on page 84

b. Table 161, “Data Register (DTR),” on page 84

c. Table 162, “Status Register (STR or DSR) Characteristics,” on page 85
d. Table 163, “Status Register (STR or DSR),” on page 85

e. Table 164, “Control Register (CTR or DCR) Characteristics,” on page 85

f. Table 165, “Control Register (CTR or DCR),” on page 86

g. Table 166, “Extended Control Register (ECR) Characteristics,” on page 87
h. Table 167, “Extended Control Register (ECR),” on page 87

i. Table 168, “EPP Address Register (ADDR) Characteristics,” on page 838

j. Table 169, “EPP Data Port 0 Register (DTR) Characteristics,” on page 88

k. Table 170, “EPP Data Port 1 Register (DATAL) Characteristics,” on page 838
|.  Table 171, “EPP Data Port 2 Register (DATA2) Characteristics,” on page 89
m. Table 172, “EPP Data Port 3 Register (DATA1) Characteristics,” on page 89
n. Table 173, “ECP Address FIFO (AFIFO) Characteristics,” on page 90

0. Table174, “Address FIFO Register (AFIFO),” on page 90

p. Table 175, “ECP Data FI FO Register (DFI FO) Characteristics,” on page 90
q. Table 176, “ECP DataFIFO Register (DFI FO),” on page 90

r. Table 177, “Parallel Port FIFO Register (CFI FO) Characteristics,” on page 91
s. Table 178, “Parallel Port FI FO Register (CHFO),” on page 91

t. Table 179, “Test FIFO Register (TFI FO) Characteristics,” on page 91

u. Table 180, “Test FIFO Register, TFIFO,” on page 91

Har dware Il mplementation Note: |EEE Std 1284-1994 specifi cati on recommends the use of the | EEE 1284-C
connectorsin dl new designs (host side as well as peripherd side).

Softwar el mplementation Note: Notethat the operating system is expected to extract the DMA channel number

from the node's dma property. Requirement 5-6 means that the operati ng system need not extract the DMA
transfer size, DMA count width, or master versus slave capability from the node’s dma property. Firmware
must set thesefields to the vd ues that match the above requirement. Operating systems are recommended to
extract the DMA timing from the node’s dma property, though they are free to default to the ISA
Compatibility Timing mode.
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Softwar e | mplementation Note: Note that the operating system is expected to extract theinterrupt number from
the node’s interr upts property. Requirement 5—7 means that the operating system need not extract the
interrupt type from the node’s inter rupts property. Firmware must set thisfield to the value that matches the
above requirement.

5.2 Open Firmware Requirements

Requirements:

5-9. The Open Firmware “reg” property information given in Table 159 on page 83 must be provided in the
Open Firmware device tree for this device.

5-10.

5-11.

5-12.

5-13.

This device must be represented as an | SA device and a child of an | SA bridge node in the Open Firmware
device tree.

This device must be represented in the OF device tree as specified in the CHRP | SA Parallel Port Device
Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware. [23]

All the reg property fields specified in Table 159 on page 83 must comply with the format given in the ISA
(or PCI) bus binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std 1275-1994.

The following events must occur during the OF initialization sequence:

a.
b.

o

The Parallel Port Controller must be enabled and activated.
If there is1/O Range checking of the Parallel Port Controller it must be disabled.
The parallel Port Controller address space must be set up, enabled.

The interrupt level and type (edge versus level) must be setup, enabled, and reported in the OF device
tree.

Eight-bit DMA for the Parallel Port Controller must be: set up, enabled, and reported in the OF device
tree.

Demand DMA must be enabled

Both ECP and EPP 1.9 modes must be enabled.

The Parallel Port Clock must be enabled (that is, clock must be operational).

The Parallel Port Controller must be set up to disable its outputs when the Parallel Port is disabled.

All Paralel Port Controller registers must be initialized to the values indicated in the “Value in Regis-
ter When OF Passes Control to OS” column of the characteristics table corresponding to the specific
register.

The Parallel Port Controller reg properties are listed below in Table 159 on page 83. The positionsin the reg property
(denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in Table 159 on page 83. The format is
described in the referenced Open Firmware bindings.
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Table159. Parallel Port Controller Registers and Offsets

Name Offset Type Mode Reg Properties for Open Firmware
DTR 0x00 Read/Write SPP, SPP Extended, EPP
DATAR 0x00 Read Only ECP
AFIFO 0x00 Write Only ECP
STR SPP, SPP Extended, EPP
0xO1 Read Only Parallel Port FIFO, Test FIFO
DSR ECP
CTR SPP, SPP Extended, EPP
0x02 Read/Write Parallel Port FIFO, Test FIFO reg[1], size=8
DCR ECP
ADDR 0x03 Read/Write EPP
DATAO 0x04 Read/Write EPP
DATAL 0x05 Read/Write EPP
DATA2 0x06 Read/Write EPP
DATA3 ox07 Read/Write EPP
CFIFO 0x00 Write Only Parallel Port FIFO
DFIFO 0x00 Read/Write ECP
TFIFO 0x00 Read/Write Test FIFO
Reserved 0x01
reg[2], size=6
ECR 0x02 Read/Write All
Reserved 0x03
Reserved 0x04
Reserved 0x05

Har dware Il mplementation Note: The Parallel Port Controller cannot be located at the legacy L PT1 addresses
because of the size of 8 bytes would causeit to overl ap with other dlocated | /O addresses.

5.3 Parallel Port Register Definitions

For the device described herein, al the registers are defined in sections 5.3.1.1 through 5.3.1.4. The purpose and op-
eration of some of these registers changes depending on the mode in which the parallel controller is operating at the

time.
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5.3.1 Registers Used in Multiple Modes

The first of the registers in this section is defined for al modes except ECP. The rest of the registers in this section
are defined for all modes.

5.3.1.1 DATA Register (DTR or DATAR)

This register is accessed in SPP, SPP Extended, and EPP 1.9 mode as a Read/Write register, and in ECP mode as a
Read Only register. In all modes except ECP, this register is abbreviated DTR. In ECP mode this register is abbreviated
DATAR. Thisregister isfor writing data to or reading data from the parallel interface.

Table 160. DataRegister (DTR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
Direct - Mode .
1byte Selected reg[1] 0x00 Read/Write 0x00 N/A

Thisregister is defined as shown in Table 161.

Table 161. Data Register (DTR)

Bit Description

Data: The action performed on aread or write depends on the mode in which the Paralle Port Controller
is operating. In al modes, when the direction is in the forward direction (bit 5 of the Extended Control
Register (ECR) is a0), on aread the datareturned is either the datain the Data register or the data on the
input lines to the chip (signal lines PD7-0), depending on the implementation.

In SPPmode on awrite, the datain thisregister is driven directly to the output signal pins PD7-0.

In SPP Extended mode:

* Onawrite, datawritten to this register is latched and is gated to the output depending on the direction
bit in the Control register (CTR). If the direction bit (bit 5) isa 0, then datatransfer is from the Paral-
7-0 lel Port to the device (forward direction) and therefore the data written is latched and gated to signal
lines PD7-0. If thedirection bit (bit 5) isa 1, then data transfer is from the device to the Parallel Port
(reverse direction) and therefore the data written is latched into the Data register but not gated out
onto the signal lines.

¢ Onaread with the direction bit a 1, then datatransfer isfrom the device to the Parallel Port (reverse
direction) and the data read is the data on the input lines to the chip (signal lines PD7-0).

In EPP 1.9 mode: same as SPP mode except that in EPP mode, the busy bit of the STR must be checked to
make sureit isa 1 (not busy) beforewriting to the DTR, in order to avoid possible corruption of an EPP
cyclethat isin progress.

In ECP mode: For reads, same as SPP Extended mode. For writes, undefined.

Software Implementation Note: Damage to the driversin the Paralld Port Controller i nterface or the attached
device can occur if the controller and the attached devi ce are driving data onto the data lines at the same time.
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5.3.1.2 Status Register (STR or DSR)

This register returns the interrupt-pending status of the interface, and the real-time status of the connector pins. In all
modes except ECP, this register is abbreviated STR. In ECP mode this register is abbreviated DSR.

Table 162.  Status Register (STR or DSR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
1byte Direct reg[1] 0x01 Read/Write Undefined N/A

The Status register is defined as shown in Table 163.

Table163. Status Register (STR or DSR)

Bit Description

7 Busy: This bit represents the inverse of the state of the busy signal. When thisbitis O, the printer is busy and cannot accept data. In the Nibble
mode, thisis bit 3 and then bit 7 of the data. This bit is Read Only.

6 Acknowledge (ACK): This bit represents the current state of the device acknowledge (ACK) signal. When this bit ispulsed fromaltoaOto a
1, the device has received a character and is ready to accept another. Thisbitis Read Only.

5 Paper End (PE): This bit represents the current state of the device paper end (PE) signa. When this bit is 1, the printer detected the end of the
paper. | n the Nibble mode, this isbit 2 and then bit 6 of the data. This bit is Read Only.

4 Select (SLCT): This bit represents the current state of the select (SLCT) signa. When this bit is 1, the printer has been selected. In the Nibble
mode, thisis bit 1 and then bit 5 of the data. This bit is Read Only.

3 Error: This bit represents the current state of the device ERR signal. When this bitis O, the printer has encountered an error condition. In the

Nibble mode, this isbit 0 and then bit 4 of the data. This bit is Read Only.

2-1 Reserved: On aread, thereturned datais undefined.

Time-Out: EPP Time-out bit.

«  When not in EPP mode: On aread, the returned data is undefined.

* In EPPmode: A Oindicates that no timeout has occurred and a 1 indicates that a time-out has occurred on an EPP cycle (minimum 10
microseconds). This bit is cleared to 0 after the STR is either read (some implementations) or written (other implementations). |f cleared on
aread of the bit, hardware must ignore writes to the bit. Software must write this bit to a 0 to guarantee that it gets reset.

5.3.1.3 Control Register (CTR or DCR)

In all modes except ECP, this register is abbreviated CTR. In ECP mode thisregister is abbreviated DCR. Thisregis-
ter provides access to all the outbound control lines to the printer. All bits except bit 5 are Read/Write.

Table 164. Control Register (CTR or DCR) Characteristics

Register Register Associated Offset Read/Write Value in Register when SW Initiated
Size Addressing Reg Property Address Characteristics OF Passes Control to OS Reset Value
1 byte Direct reg[1] 0x02 Read/Write 0xCOo N/A

The CTR (DCR) is defined as shown in Table 165.
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Table165. Control Register (CTR or DCR)

Bit Description
7-6  Reserved: These bits are reserved and must be set to Ob11. On aread, the returned datais undefined.
Direction: When thisbitisaO0, the Parallel Port Controller isin the forward direction (datatransfer in the Parallel Port Controller to device direction).
When this bitisa 1, the Paralel Port Controller isin the backward direction (datatransfer in the deviceto Parallel Port Controller direction) and the
Parallel Port Controller must not be driving the datalines. How this bit affects operations depends on which mode the Parallel Port Controller is oper-
ating. See aso Table 161 on page 84. The Parallel Port Controller must be in the SPP Extended mode when this bit is changed from aO to al.
e InSPPmode: Thisbitis Write Only. Must always be written to 0. Read as 0.
5 * InSPP Extended mode: This bit is a Read/Write bit.
e InEPPmodes: Same as SPP except that this bit is a Read/Write bit and when there is an on-going EPP cycle, RD and WR signals on the bus
determine the direction. This bit must not be changed from a0 to a1 in this state.
¢ In ECPmode: This bitis a Read/Write bit. This bit must not be changed from a0 to a1 in this state.
¢ InPaallel Port FIFO mode: This bit is Write Only. Must always be written to 0.
¢ InTest FIFO mode: Thisbitis aRead/Write bit. This bit must not be changed from a0Oto a 1 in this state.
Inter rupt Enable: This bit enables the ACK interrupt event (1=enable, 0=mask). An interrupt occurs when this bit is a 1 and either the acknowledge
4 signa changes from active to inactive (non-DMA mode only) or when the EPP timeout bit (bit O of the Status register) gets set to 1 in the EPP mode.
In all modes except the ECP mode, this bit floats (high-impedance state) the IRQ pin when this bit is 0.
SLIN: This bit controls the select in signal. When this bitis 1, the printer is selected. This bit must be set to a 1 before switching to the ECP mode.
* Inall modes except ECP mode: If the current state of the actual signal from the device is to be obtained by reading this register, this bit should be
3 set to itsinactive state (0).
¢ In ECPmode: On aread, this bit will always reflect the value in the Parallel Port Controller’s DCR register.
¢ In EPPmodes: When this bitisa0, the SLIN signa is controlled by ECP hardware.
INIT: Thisbit controls theinitialize signd. When this bit is 0, the printer will beinitidized. this bit must be set to a1 before switching to the ECP
mode.
2« Inal modes except ECP mode: If the current state of the actual signal from the device is to be obtained by reading this register, this bit should be
set to itsinactive state (1).
¢ In ECPmode: On aread, this bit will always reflect the value in the Parallel Port Controller’'s DCR register.
AFD: This bit controls the automatic feed XT signal. When this bit is 1, the AFD signal is driven low and the printer automaticaly spaces the paper
up oneline for every carriage return.
1" In al modes except ECP mode: If the current state of the actual signal from the device is to be obtained by reading this register, this bit should be
set to itsinactive state (0).
¢ In ECPmode: On aread, this bit will always reflect the value in the Parallel Port Controller’'s DCR register.
¢ In ECPand EPPmodes: When this bit isa 0, the AFD signal is controlled by ECP hardware.
STB: This bit controls the strobe (STB) signal to the printer. When this bit is 1 the STB lineis activated, causing datais clocked into the attached de-
vice's data register.
o ° In all modes except ECP mode: If the current state of the actual signal from the device s to be obtained by reading this register, this bit should be

set to itsinactive state (0).
¢ InECPmode: On aread, this bit will always reflect the value in the Parallel Port Controller’s DCR register.
. In Parallel Port FIFO mode and ECP mode: When this bit is O, STB is controlled by Parallel Port Controller hardware.
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5.3.1.4 Extended Control Register (ECR)

Table 166. Extended Control Register (ECR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics  OF Passes Control to OS ~ Reset Vaue
1byte Direct reg(2] 0x02 Read/Write 0x15 N/A

The ECR register is defined as shown in Table 167.

Table167. Extended Control Register (ECR)

Bit

Description

7-5

Paralld Port Mode Bits: These bits determine the mode in which the Parallel Port is operating.

e 000 - SPP (Compatibility and Nibble modes together): In this mode, write cycles are controlled by the software. In thismode, the
direction bit in the DCR is not used and PD7-0 are driven. The FI FO is reset and is empty.

¢ 001 - SPP Extended (Byte mode): Read and Write are under software control, the FIFO is reset, and the direction bit is active.

e 010 - Parallel Port FIFO: Write cycles are controlled by hardware with STB being generated by the hardware. The direction bit of the
DCR is assumed to be 0 (this modeis defined for the forward direction only) and PD7-0 are driven.

+  011- ECP. The FIFO direction is controlled by the direction bit in the DCR. STB and AFD are controlled by hardware.

« 100-EPP(L7and19).

¢ 101 - Reserved.

¢ 110 - Test FIFO: The FIFO is accessible viathe TFI FO register. The hardware does not automatically fill and empty the FIFO.
e 111 - Reserved.

Inter rupt Mask Bit: When thisbit is O, an interrupt is generated on ERR assertion from the parallel interface (the high to low edge of
ERR). Aninterrupt is also generated if ERR is asserted when this bit is changed from 1 to 0. When this bitis a1, no interrupt will be gener-
ated when ERR is activated.

DMA Enable Bit: When thisbitis a0, the DMA request signal (DMAQO, 1, 2 or 3) that serves the selected DMA request signd is put into
tri-state (high-impedance) state. When this bit isa 1, the DMA is enabled and the DMA starts when bit 2 of this register (ECP Service) is 0.

Ser vice Bit: When the ECP clock is frozen, this bit is read as O regardless of its actual value (even though this bit may be modified by soft-
ware when the ECP clock is frozen). When one of the following interrupt events occurs, an interrupt will be generated and this bit will be
set to al by the hardware:

¢ Bit3of theECR isal and theterminal count is reached during DMA
* Bit3of theECRis0and bit 5 of the DCR (CTR) is 0 and there are eight or more bytes freein the FIFO
* Bit3of theECRisa0andbit 5 of the DCR (CTR) isa 1 and there are eight or more bytes to be read from the FIFO.

When thisbitis a1, no further DMA requests or interrupt requests are generated. Writing aa 1 to this bit does not cause an interrupt.

FIFO Full: This bit is Read Only. A writeto the ECR will not changeits value. This bit continuously reflects the FIFO state. When the
ECP clock isfrozen this bit is read as 1, regardless of the actual FI FO state. When this bit is a 0, the FIFO has at |east one free byte. When
thisbit isa 1, the FIFO isfull.

FIFO Empty: Thisis aRead Only bit that continuously reflects the FIFO state. When this bitisa 0, the FIFO has at least one byte of data.
When thisbitisal, the FIFOis empty. | f the ECP clock is frozen, this bit is a1 regardless of the actual FI FO state.

5.3.2 Registers Used Only in EPP Mode

The registersin this section are only defined in EPP modes.
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5.3.2.1 EPP Address Register (ADDR)

Table168. EPP Address Register (ADDR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when SW I nitiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
Direct - Mode . .
1byte Selected reg[1] 0x03 Read/Write Undefined N/A

Requirements:

5-14. Writing a Parallel Port device addressto this register must initiate an EPP device/register selection opera-
tion.

5.3.2.2 EPP Data Port 0 Register (DATAO)

Table169. EPP Data Port O Register (DTR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when SW I nitiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
Direct - Mode . .
1byte Selected reg[1] 0x04 Read/Write Undefined N/A

Requirements:

5-15. Accessesto thisregister must initiate device read or write operations to bits 7-0 of the 32 bit word to be
transferred.

5.3.2.3 EPP Data Port 1 Register (DATA1)

Table170. EPP Data Port 1 Register (DATA1) Characteristics

Register Register Associated Offset Read/Write Vauein Register when SW I nitiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
Direct - Mode . .
1byte Selected reg[1] 0x05 Read/Write Undefined N/A

Requirements:

5-16. Accessesto thisregister must initiate device read or write operations to bits 15-8 of the 32 bit word to be
transferred.
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5.3.2.4 EPP Data Port 2 Register (DATA2)

Table171. EPP Data Port 2 Register (DATA?2) Characteristics

Register Register Associated Offset Read/Write Vauein Register when SW I nitiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
Direct - Mode . .
1byte Selected reg[1] 0x06 Read/Write Undefined N/A

Requirements:

5-17. Accessesto thisregister must initiate device read or write operations to bits 23-16 of the 32 bit word to be
transferred.

5.3.2.5 EPP Data Port 3 Register (DATA3)

Table172. EPP Data Port 3 Register (DATA1) Characteristics

Register Register Associated Offset Read/Write Vauein Register when SW I nitiated
Size Addressing Reg Property Address Characteristics  OF Passes Control to OS ~ Reset Value
Direct - Mode . .
1byte Selected reg[1] 0x07 Read/Write Undefined N/A

Requirements:

5-18. Accessesto thisregister must initiate device read or write operations to bits 31-24 of the 32 bit word to be
transferred.

5.3.3 Registers Used Only in ECP Mode

The registersin this section are only defined in the ECP mode.

Softwar el mplementation Note: When the OF compati bl e property includesthe compati bl e name of the Nati onal
Semi conductor 87308 or when the OF property dma-308 is present, then the capability to do demand DMA
gets disabled on exit from the ECP mode. In this case, to re-enable this capability, software should do the
following:

Make sure that the Parallel Port Controller is quiesced

Write 0x05 to reg[1]+0x03

Read a byte from reg[1]+0x04

Set bit 6 of the byte just readto a1

Write this byte to reg[1]+0x04

g M D PP
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5.3.3.1 ECP Address FIFO Register (AFIFO)

In the ECP mode, when the Parallel Port’s state is in the forward direction (bit 5 of the DCR is 0), a byte written into
this register is pushed into the F FO and tagged as a command. Writes to this register when the state of the Parallel Port
isin the backward direction have no effect and the data isignored.

Table 173. ECP Address FI FO (AFIFO) Characteristics

Register Register Associated Offset Read/Write Vauein Register when SW I nitiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Value
Direct - Mode . .
1byte Selected reg[1] 0x00 Write Only Undefined N/A

The AFIFO is defined as shown in Table 174.

Table174.  Address FI FO Register (AFIFO)

Bit Description

7-0 Command: These bits represent data that will be tagged as acommand in the AFIFO register

5.3.3.2 ECP Data FIFO Register (DFIFO)

DHFO is accessible in ECP mode. In the forward direction (bit 5 of the DCR is 0) a byte written to this register is
pushed into the FIFO and tagged as data. In ECP mode, the DMA automatically writes to this register. Other write
operations must address this register specifically. Reading this register has no effect and the data read is undefined.

In the backward direction (bit 5 of the DCR is 1) the ECP automatically issues ECP read cycles to fill the F FO.
Reading this register pops a byte from the FI FO. Writing this register has no effect and the data written is ignored.

Table 175. ECP DataFIFO Register (DFIFO) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
Direct - Mode . .
1byte Selected reg[2] 0x00 Read/Write Undefined N/A

The DH FO register is defined as shown in Table 176.

Table176. ECP DataFI FO Register (DFIFO)

Bit Description

Data: These bits represent the data that will be tagged as data when pushed onto or popped

0 fomtheFIFO.
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5.3.4 Registers Used Only in the Parallel Port FIFO Mode
CF FO is accessible in Parallel Port FIFO mode. A byte written to CFIFO is pushed into the FIFO and tagged as

data. In Parallel Port FIFO mode the DMA automatically writes to this register. Other write operations must address
this register specifically. This mode is defined for the forward direction only, therefore this register is Write Only.

Table 177. Parallel Port FI FO Register (CFIFO) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
Direct - Mode ) .
1byte Selected reg(2] 0x00 Write Only Undefined N/A

The CHFO register is defined as shown in Table 178.

Table 178, Parallel Port FIFO Register (CFIFO)

Bit Description

7-0 Data: These bits represent the data that will be tagged as data when pushed onto the FIFO.

5.3.5 Registers Used Only in the Test FIFO Mode

THFO is accessiblein Test FIFO mode. A byte written into this register is pushed into the FIFO. A byte read from
this register is popped from the FI FO. The ECP does not issue a ECP cycle to transfer the data to or from the peripheral
device. The THFO is readable and writable in both directions. In the forward direction (bit 5 of the DCR (CTR) is 0)
PDO-7 are driven, but the data is undefined. The FI FO does not stall when overwritten or under-run (access isignored).
Bytes are always read from the top of the FIFO, regardless of the direction bit (bit 5 of the CTR or DCR).

Table 179. Test FIFO Register (TFI FO) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF Passes Control to OS ~ Reset Vaue
Direct - Mode . .
1byte Selected reg(2] 0x00 Read/Write Undefined N/A

The THFO register is defined as shown in Table 180.

Table 180. Test FIFO Register, TFIFO

Bit Description

7.0 Data: These bits represent the data that will be tagged as data when pushed onto or popped
from the FIFO.
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5.4 References

1. National Semiconductor PC87308VUL Super1/O™ Enhanced Sidewinder Lite Plug and Play Compatible
Chip, with a Floppy Disk Controller, a Keyboard Controller, a Real-Time Clock, Two UARTSs, Full Infrared
Support and an IEEE1284 Parallel Port [24]

2. CHRP ISA Parallel Port Device Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configura-
tion) Firmware. [23]

3. |EEE Sandard Signaling Method for a Bidirectional Parallel Peripheral Interface for Personal Compuiters,
also called |EEE Sid 1284-1994 Specification [25]
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6.1 CHRP Requirements

Table 181 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A System Architec-

ture, showing the minimum requirements for a serial port on CHRP platforms.

Table 181. Summary of Minimum Platform Requirements (excerpt)

Q@ o
- ] S 9 -
Subsystem Specification i 2 Description
5B
Serid Port (e] Itis acceptable to provide the PC style interface or the

o R
16550 (e] R (e] Applestyleinterface by means of aplug-in card to achieve
SCC o R o certification.

Requirements:

6-1. The UART serial device must be NS16550 compatible, as specified in this chapter.
6-2. The UART serial device must be addressed only with | SA 1/0 addresses.

6-3. The UART serial device must generate only low-to-high edge sensitive interrupts.

Software | mplementation Note: Requirements 6-2 and 6-3 relieve the operati ng system from having to extract
address type or interrupt ty pe from the Open Firmware device tree.

6.2 UART Controller Open Firmware Requirements

Requirements:

6—4. The Open Firmware device tree node for the UART seria device described in this chapter must follow the

specifications given in the CHRP 1 SA Serial Port Device Binding [28].

6-5. The Open Firmware “r eg” property information given in Teble 182, “UART Registers,” on page 94 must

be provided in the Open Firmware device tree for the UART serial device.

6-6. The UART serial device must be represented as an | SA device and a child of an | SA bridge nodein the
Open Firmware device tree.
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6.3 UART Registers

Requirements:

6—7. Allthe“r eg” property fields specified in Table 182, “UART Registers,” on page 94 must comply with the
format given inthe | SA/EI SA/I SA-PnP binding to |EEE Std 1275-1994, as modified by the CHRP binding

to | EEE Std 1275-1994.

6-8. TheUART serial device must precisely implement the registers defined in Section 6.3, “UART Registers,”

on page 94.

6-9. The selection of the TDR/IER versusthe DLL/DLH for the UART serial device must be exclusively
controlled by the DLAB bit (bit 7) in the Line Control Register.

The positions in the “r eg” property (denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in

Table 182 on page 94. The format is described in the referenced Open Firmware bindings.

Table 182. UART Registers

Registers
Address .
Offsets Reg Properties
Read Write
Transmitter Data Register (TDR)
0x0 Receive Data Register (RDR) OR?
Divisor Latch Low Byte (DLL)
Interrupt Enable Register (IER)
1 Interrupt Enable Register (IER) OR!
Divisor Latch High Byte (DLH)
2 Interrupt I dentification Register (IIR) FIFO Control Register (FCR)
3 Line Control Register (LCR) Line Control Register (LCR) reg[1].size=8
4 Modem Control Register (MCR) Modem Control Register (MCR)
5 Line Status Register (LSR) Writing the L SR is not recommended
6 Modem Status Reg (MSR) Modem Status Reg (MSR)
7 Scratch Register (SCR) Scratch Register (SCR)

These address offsets have dual register definitions based on the state of the DLAB bit in the Line Control Register (LCR). DLAB=0

referencesthe TDR and | ER; DLAB=1 references DLL and DLH
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6.3.1 Transmitter Data Register (TDR)

Table 183. Transmitter Data Register (TDR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
1byte Direct, irba{O) 0x00 Write Onl Undefined N/A
d LCR(7)=0 0] y
Table184. Transmitter Data Register Bit Definition
Bit Description

DataBits 7-0: The Transmitter Data Register contains the character to be sent. Bit O istheleast-significant bit and is the first bit sent

serially.

6.3.2 Receiver Data Register (RDR)

Table 185. Receiver Data Register (RDR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
Lbyte Direct, irbal0] 0x00 Read Onl Undefined N/A
4 LCR(7)=0 Y
Table 186. Receiver Data Register Bit Definition
Bit Description
7.0 Data Bits 7-0: The Receiver Data Register contains the received character. Bit O is the least-significant bit and is the first bit re-
ceived seridly.

6.3.3 Interrupt Enable Register (IER)

The Interrupt Enable Register allows the four types of controller interrupts to separately activate the chip interrupt
output signal. The interrupt system can be completely disabled by setting bits 0 through 3 of the | nterrupt Enable regis-
ter to 0. Similarly, by setting the appropriate bits of thisregister to 1, selected interrupts can be enabled. Disabling pre-
vents the controller from generating the external interrupt to the system. All other system functions operate normally,

including the setting of the Line Status and Modem Status registers.
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Table 187. Interrupt Enable Register (| ER) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
Direct, . .
1byte LCR(7)=0 irba[0] 0x01 Read/Write 0x00 N/A

Table 188. Interrupt Enable Register Bit Definition

Bit  Description

7-4 Reserved=0

3 Enable Modem StatusInterrupt: When set to 1, this bit enables the Modem Status I nterrupt.

2 EnableReceiver LineStatusInterrupt: When set to 1, this bit enables the Receiver Line Status I nterrupt.

Interrupt.

Enable Transmitter Holding Register Empty Inter rupt: When set to 1, this bit enables the Transmitter Hol ding Register Empty

Enable Received Data AvailableInterrupt (Character and FIFO Mode) and Time-Out Inter rupts (FIFO Mode Only): When
set to 1, this bit enables the Received Data Available Interrupt. |n the FIFO mode, this bit also enables the time-out interrupts.

6.3.4 FIFO Control Register (FCR)

The FIFO Control Register isawrite-only register at the same location as the read-only I nterrupt | dentification Reg-
ister. The FIFO Control Register enables the FIFO registers, clears the FI FO registers, and sets the Receiver FIFO reg-

ister trigger level.

Softwar e | mplementation Note: The Transmitter and Receiver FI FO registers are not access ble serid controller

registers.
Table 189. FIFO Control Register (FCR) Characteristics
Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
1byte Direct irba[0] 0x02 Write Only Undefined N/A

Table 190. HFO Control Register Bit Definition

Bit

Description

7,6

Receiver FIFO Register Trigger : These bits select the trigger level for the receiver-register interrupt, as shown in Table 191. When
the number of bytes in the RCVR FIFO reaches the selected interrupt trigger level, a Receiver Data Available Interrupt is activated.

53 Resarved=0
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Table 190. HFO Control Register Bit Definition (Continued)

Bit Description

2 Tranamitter FIFO Register Reset: When this bit is set to 1, all bytes in the Transmitter FIFO register are cleared and its counter
logicisreset to 0. The Transmitter Shift register is not cleared. Thisbit is self-clearing.

Receiver FIFO Register Reset: When this bitisset to 1, al bytes in the Receiver FIFO register are cleared and its counter logic is
reset to 0. The Transmitter Shift register is not cleared. This bit is self-clearing.

FIFO Mode Enable: When this bit is set to 1, the FIFO mode is enabled. When this bit is changed, the transmit and receive (XMIT
and RCV) FIFOs are cleared. When writing to any other FIFO Control register bits, this bit must bea 1.

Table 191. Recever Trigger Level Bit Decodes

B;lgs Receiver Trigger Level
00 1Byte
01 4 Bytes
10 8 Bytes
11 14 Bytes

6.3.5 Interrupt Identification Register (lIR)

To minimize programming overhead during character mode transfers, the controller prioritizes interrupts into four
levels:

e Priority 1- Receiver-line-status

«  Priority 2 - Received-data-available

e Priority 2 - Time-out (FIFO mode)

e Priority 3- Transmitter-holding-register-empty

e Priority 4- Modem status.

Information about a pending interrupt is stored in the Interrupt Identification Register (IIR). When the IR is read,

only the highest priority pending interrupt isindicated. After thisinterrupt condition is reset, other lower priority inter-
rupts can beidentified by re-reading the I IR.

Table 192.  Interrupt | dentity Register (11R) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics  OF passes control to OS Reset Value

1 byte Direct irbal0] 0x02 Read Only OxO0L N/A




98 Chapter6 UART Controller

Table 193. Interrupt | dentification Register Bit Definition

Bit Description

7,6 FIFO Registers Enabled: These two bitsare set to 1 when FCR0=1 (FI FO mode enabl ed)

54 Reserved =0

3-0 Interrupt 1D (2-0), Interrupt Not Pending: The interpretation of these bitsis given in Table 194

Table 194. Interrupt Control Functions

Bits Priority Type Cause Interrupt Reset Control
3210
0001 na none no interrupt pending na
0110  Highest Receiver Line  Overrun, Parity or Framing error or Break Inter- Read the Line Status Register
Status rupt
} Datain the Receiver Buffer or the FI FO trigger . . .
0100  Second Received data level has been reached or areceive FIFO time- Read the Recalver DataRegister or FIFO Regis-
available ter drops below the FIFO trigger level.
out occurs.
No characters have been removed from or put
1 Character Time- into the receiver FIFO register during the last . ]
1100 Second Qut Indication  four character times, and at least 1 character isin Read the Receiver Data Register.
it at thistime.
Transmitter I .
. - . . . ) . Read the Interrupt | dentification Register or
0010  Third holding register  Transmitter holding register is empty write to Transmitter Data Regjster
empty
0000 Fourth Modem status ~ Changein signal status from modem Read the Modem Status Register.

1T AFO Mode only.

6.3.6 Line Control Register (LCR)

Asynchronous communications are programmed through the Line Control Register.

Table 195. Line Control Register (LCR) Characteristics

Register Register Associated Offset Read/Write Valuein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value

1byte Direct irba[0] 0x03 Read/Write Undefined N/A
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Table196. Line Control Register Bit Definition

Bit

Description

Divisor Latch Access Bit (DLAB): Thisbit is set to 1 to gain accessto the divisor latches of the baud-rate generator. It is set to O to
gain access to the Receiver Buffer, Transmitter Holding, or Interrupt Enable registers.

Break Control: When this bit isa 1, abreak condition is transmitted to the receiving UART. A break condition is when the serial
output is forced to the spacing state and remains there regardless of other transmitter activity. When this bit is set a0, the break con-
dition is not active.

5,4

Parity Selection: Bits 5 and 4 specify the parity selection as defined in Table 197. These bits have no effect if bit 3issetto 0

Parity Enable: When bit 3 is set to 1, aparity bit is calculated based on the parity selection valuein bits 5 and 4. This parity bitis
generated on transmit and checked on receive. The parity bit appears between the last data bit and the first stop bit of the serial data.
When bit 3 is set to 0, no parity bit is transmitted or checked.

Number of Stop Bits: The vaue of this bit, along with the value of bits 1 and 0, specify the number of stop bits (stop bit duration
specified in terms of bit times). Table 198 gives the stop bit duration based on word length selection.

1,0

Word Length Select, Bit 1,0: These bits specify the number of data bits in each serial character that is sent or received as repre-
sented in Table 198

Table197. Parity Selection Bit Description

Bits
54

Description

00

Odd Parity Selected

01

Even Par ity Selected

10

Mark Parity Selected: A parity bit of logical 1 isalways transmitted and checked.

11

Space Parity Selected: A parity bit of logica Ois always transmitted and checked.

Table198. Stop Bit Duration and Word Length

Bits Stop Bit Duration

210 (in bit times) WordLength
000 1 5 Bits
001 1 6 Bits
010 1 7 Bits
011 1 8 Bits
100 15 5 Bits
101 2 6 Bits
110 2 7 Bits

111 2 8 Bits
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6.3.7 Modem Control Register (MCR)

This 8-bit register controls the data exchange with the modem, data set, or peripheral device emulating amodem.

Table199. Modem Control Register (MCR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Vdue
1byte Direct irba[ O] 0x04 Read/Write 0x00 N/A

Table 200. Modem Control Register Bit Description

Bit

Description

7-5

Reserved =0

Loop Mode: Thisbit provides aloopback feature for diagnostic testing of the serial port. When bit 4 is set to 1:

e Transmitter-serial-output is set to the marking state.

e Receiver-serial-input is disconnected.

e Output of the Transmitter Shift register is "looped back" to the Receiver Shift register input.
¢ Themodem control inputs (CTS, DSR, DCD, AND RI) are disconnected.

¢ Themodem control outputs (DTR, RTS, OUT 1, and OUT 2) areinternally connected to the (DSR, CTS, RI, and DCD) modem
status inputs, respectively.

*  Themodem control output pins are forced inactive.

Out 2 (IRQ Output Control): Thisbit is set = 1 to enable interrupts.

Out 1: Thisbit is not used in anormal mode. | nloop mode, its status is reported to bit 6 (RI) of the Modem Status register.

Request-to-Send: This bit controls the "-request to send' signal (-RTS) modem control output. When this bit isset to 1, -RTSis ac-
tive. When this bit is set to 0, -RTSisinactive.

Data-Ter minal-Ready: This bit controls the -data terminal ready’ signal (-DTR) modem control output. When thisbitis set tol,
-DTRis active. When this bit isset to 0, -DTR isinactive.

6.3.8 Line Status Register (LSR)

This 8-bit read-only register provides the system microprocessor with ongoing information about the data transfer.

Software |

mplementation Note: Writing to this register can produce unpredictable results.

Table201. Line Status Register (LSR) Characteristics

Regist

er Register Associated Offset Read/Write Vauein Register when ~ SW Initialized

Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Vdue

1byte Direct irba[0] 0x05 Read Only 0xCO N/A
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Table202. Line Status Register Bit Definition

Bit Description

Error in Recever FIFO Register: In FIFO mode, this bit indicates that a parity error, framing error, or break occurred. Thisbit is
cleared when the Line Status register is read in the FIFO mode. It is set to 0 in the Character mode.

Tranamitter Shift Register Empty: Thisbit is set to 1 to indicate the Transmitter Holding register and the Transmitter Shift register
6 areboth empty. This bit is set to 0 when either register contains a data character. In FIFO mode, this bit is set to 1 when the Transmit-
ter FIFO register and the Transmitter Shift register are both empty.

Tranamitter Holding Register Empty: This bit indicates that the controller is ready to accept the next character for transmission.
Thisbitis set to 1 to indicate that a character was transferred from the Transmitter Holding register to the Transmitter Shift register.

5  Thisbhitisset to 0 when acharacter iswritten to the Transmitter Holding register. This bit also causes the controller to issue an inter-
rupt if the interrupt is enabled. In FIFO mode, this bit is set to 1 when the Transmitter FI FO register is empty. It is set to O when at
least one byte is written to the Transmitter FI FO register.

Break Interrupt: This bit is set to 1 to indicate the received data input is held in the Spacing (0) state for longer than afull-word
transmission time (the total time of start bit +data bits + parity + stop bits). This bit isreset to 0 when the Line Status register is read.
In FIFO mode, this error is associated with a particular character in the FIFO and is revealed only when that character is at the top of

4 the FIFO.
Bits 1 through 4 are the error conditions that produce a receiver-line-status interrupt whenever any of the corresponding conditions
are detected and the interrupt is enabled.
Framing Error: This bit issetto 1 when the stop bit, following the last databit or parity bit, is at a spacing level. This indicates that
3 thereceived character did not have avalid stop bit (framing error). This bit is reset to 0 when the Line Status register isread. In FIFO

mode, this error is associated with aparticular character in the FIFO and is revealed only when that character is at the top of the
FIFO.

2 Parity Error: Thisbitissetto 1 to indicate a parity error.

Overrun Error: When set to 1, this bit indicates that datain the Receiver Buffer register was not read before the next character was
transferred into the Receiver Buffer register, destroying the previous character. This bit is reset to 0when the Line Status register is
read. |f the FIFO mode data continues to fill the Receiver FI FO register beyond the trigger level, an overrun error occurs. The over-
run occurs only after the Receiver FIFO register is full and the next character is completely received in the Receiver Shift register.
Anoverrun error is indicated to the system microprocessor when it happens. The character in the Receiver Shift register is overwrit-
ten, but it is not transferred to the Receiver FI FO register.

Data Ready: This bit is the receiver data-ready indicator. It is set to 1when acomplete incoming character has been received and
0 transferredinto the Receiver Buffer register or the Receiver FIFO register. This bit is reset to 0 by reading the Receiver Buffer regis-
ter or by reading all of the datain the Receiver FIFO register.

6.3.9 Modem Status Register (MSR)

This 8-bit register is used to monitor the current state of the control lines from the modem (or external device). Also,
bits 3 through O indicate change information.

Table 203. Modem Status Register (MSR) Characteristics

Reygister Register Associated Offset Read/Write Valuein Register when ~ SW Initialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value

1 byte Direct irba[0] 0X06 Read/Write b’ xxxx0000 N/A
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Table204. Modem Status Register Bit Definition

Bit Description

Data-Carrier-Detect: This bit istheinverted '-data carrier detect' signal (-DCD) modem control input. I f bit 4 of the Modem Con-

7 trol Register is set to 1, this bit is equivalent to bit 3 in the Modem Control Register.

6 RingIndicator: Thisbitis theinverted '-ring indicator' signal (-RI) modem control input. If bit 4 of the Modem Control Register is
set to 1, this bit is equivalent to bit 2 in the Modem Control Register.

5 Data-Set-Ready: Thisbitisthe inverted -data set ready' signal (-DSR) modem control input. If bit 4 of the Modem Control Register
isset to 1, this bit is equivalent to bit 0in the Modem Control Register.

4 Clear-to-Send: Thisbit istheinverted '-clear to send' signal (-CTS) modem control input. If bit 4 of the Modem Control Register is

set to 1, this bit is equivalent to bit 1 in the Modem Control Register.

Delta-Data-Carrier-Detect: When set to 1, this bit indicates that the '-data carrier detect' signal (-DCD) modem control input has
3 changed state since the last time it was read by the system microprocessor.
Whenever bit 0, 1, 2, or 3is set to 1, amodem status interrupt is generated.

Trailing Edge Ring I ndicator : When set to 1, this bit indicates that the "-ring indicator' signal (-RI) modem control input has

changed from an active condition to an inactive condition.

1 Delta-Data-Set-Ready: When set to 1, this bit indicates that the -data set ready’ signal (-DSR) modem control input has changed
statesincethe last time it was read by the system microprocessor.

0 Delta-Clear-to-Send: When set to 1, this bit indicates that the '-clear to send' signa (-CTS) modem control input has changed state

sincethelast time it was read by the system microprocessor.

6.3.10 Scratch Register (SCR)

This register can be used by the system microprocessor as a temporary buffer or work area. It is not used by the
UART inany way.

Table 205. Scratch Register (SCR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
1byte Direct irba[0] 0x07 Read/Write Undefined N/A

6.3.11 Baud Rate Divisor Register (DLL)

The DLL register is the low order byte of the Baud Rate Divisor. The Divisor Latch register is used to program the
baud-rate generator. The value in this register forms the divisor of the clock input, which establishes the desired
baud-rate.

Table 206. Baud Rate Divisor Register (DLL) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW Initialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
Lbyte Direct, irbal0] 0x00 Write Only Undefined N/A

LCR(7)=1
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6.3.12 Baud Rate Divisor Register (DLH)

The DLH register is the high order byte of the Baud Rate Divisor. The Divisor L atch register is used to program the
baud-rate generator. The value in this register forms the divisor of the clock input, which establishes the desired
baud-rate.

Table207. Baud Rate Divisor Register (DLH) Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
Lbyte Direct, irbal0] 0x01 Write Onl Undefined N/A
4 LCR(7)=1 y

Requirements:

6-10. The UART serial device must contain a baud rate generator that generates baud rates (within acceptable
RS232 tolerances) according to the following relationship: (baud rate x 16) = (frequency input) /
DLH|DLL (decimal).

6-11. The UART serial device must havethe“cl ock- f requency” property specified initsdevice nodeinthe
Open Firmware device tree. This property value corresponds to the “frequency input” term in Requirement
6-10, and is not necessarily the oscillator input to the chip that implements the serial device.

6.4 References

1. National Semiconductor PC87308VUL Super 1/0 Enhanced Sdewinder Lite Plug and Play Compatible
Chip, with a Floppy Disk Controller, a Keyboard Controller, a Real-Time Clock, Two UARTSs, Full Infrared
Support and an IEEE1283 Parallel Port [24]

2. National Semiconductor PC87332VLJ (3.3V/5V) and PC87332VLJ-5 (5V) (Super 1/O 111 Premium Green)
with a Floppy Disk Controller, Dual UARTs, |[EEE 1284 Parallel Port, and IDE Interface [26]

3. |EEE Sd 1275-1994, IEEE Sandard for Boot (Initialization Configuration) Firmware: Core Reguirements
and Practices, published by |EEE [27]

4. CHRP ISA Srial Port Device Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration)
Firmware [28]






ISA Keyboard/Mouse Controller

7.1 Overview and General Requirements

Table 208 on page 105 is an excerpt from the PowerPC Microprocessor Common Hardware Reference Platform: A
System Architecture showing the PS/2 keyboard interface is optional support for alphanumeric input devices and point-
ing devices.

Table208. Minimum Requirements for Alphanumeric Input Device and Pointing Device

Q@ o
Subsystem Specification @ § T Descri ption
5k 5
Alphanumeric Input R R (e] Servers do not require akeyboard for normal operation,
Device PS/2 Keyboard inter-  R* R* o however ameans to attach an A/N | nput Device must be
face provided; an ASCI| terminal is aexample of such adevice.
ADB R* R* (e] Keyboards must be capable of generating at least 101
Terminal o o (0] scan codes.
Pointing Device R R (e] If aplatform includes akeyboard, it must also include a
2 buttons R R (e] pointing device with the functionality of &t |east a 2-button
PS/2 interface (see R* R* (e] mouse
note 1)
ADB R R O

The keyboard/mouse controller is actually:

* A microcontroller (commonly based on an 8042 microcontroller)

*  Firmware for controlling the microcontroller

«  Peripheral logic for accepting data, commands and status from the keyboard, mouse or other auxiliary device
and system

Requirements:

7-1. All requirements given in this chapter are specifically for the device represented by the Open Firmware

properties “name=8042, device_type=8042, compatible = “chrp,8042".

7-2. Thekeyboard and the mouse/auxiliary device are assigned separate interrupts for indicating to the system
when user input is available. These interrupts must be separate edge-triggered interrupts.

7-3. A controller that is compatible with the controller described herein must be represented in the device tree
as specified in the CHRP 1SA Bus Binding to: IEEE Sandard 1275-1994 [15].

7-4. This device must be addressed purely with | SA 1/0O addresses which can be aliased or non-aliased.
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7.2 Keyboard/Mouse Controller Register Table

Requirements:

7-5. Theregisters shown in Table 209 must all be present in the device defined in this chapter. The Open

Firmware “reg” property information given in Table 209 must be provided in the Open Firmware device
treefor this device.

7-6. All the reg property fields specified in Table 209 must comply with the format given in the CHRP 1SA Bus
Binding to: |EEE Standard 1275-1994 [15].

The positions in the reg property (denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in Table
209. Theformat is described in CHRP 1SA Bus Binding to: IEEE Standard 1275-1994 [15].

Table 209. Keyboard/Mouse Controller Registers

Register
Offset ISA Address Open Firmware Reg Property
Read Write
0 0x0060 Output Register Input Register reg[1] ,size=1
0 0x0064 Status Control reg[2],size=1

7.3 Keyboard Controller Registers

Requirements:

7—7. For the device described herein, al the registers defined in sections 7.3.1 through 7.3.4 must be
implemented precisely as described herein.

Figure 4 on page 107 gives a block diagram that shows the registers in the keyboard/mouse controller and the output
and input ports to the actual keyboard and mouse it controls.
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Input
Register
To Keyboard
Output Output
Register Port To Mouse
From|SA Bus
Control
Register From Keyboard
Input
Port From Mouse
Status
Register

Figure4. Block Diagram of Keyboard/Mouse Controller Register
7.3.1 Output Register (OUT)

Table 210. Output Register (OUT) Characteristics

Valuein Register

"o Addeming  Remoey  Adtes  Creamme  WPROFPES DL UL
9 €g Froperty Control to OS
1byte Direct reg[1] 0x00 Read Undefined N/A

Table 211 on page 107 defines the bits in the Output Register.

Table211. Output Register (OUT)

Bit Function

(Data): Thisis used by the system to read data from an attached device or

™0 e keyboard controller
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7.3.2 Input Register (IN)

Table 212. Input Register (IN) Characteristics

Valuein Register

Register Register Associated Offset Read/Wrt SW Initiated
: : . When OF Passes
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
1byte Direct reg[1] 0x00 Write Undefined N/A
Table 211 on page 107 defines the bitsin the | nput Register.
Table213. Input Register (IN)
Bit Function
7.0 (Data): Datafrom the system to the keyboard controller or an attached de-
vice
7.3.3 Status Register (STA)
Table 214. Status Register (STA) Characteristics
Register Register Associated Offset Read/Wirt m‘; ! gFReg'Ster W I nitiated
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
1byte Direct reg[2] 0x00 Read Undefined N/A
Table 211 on page 107 defines the bitsin the Status Register.
Table 215.  Status Register (STA)
Bit Normal Function Specia Function

00: No-op

01: The bytewas clocked out of the device, but aresponse was not received within the time limit
7-6 specifiied.

10: Undefined

11: The byte was clocked out of the device, but aresponse indicates a parity error Seethe Self-Test command in Ta-

ble 218 on page 109 for a descrip-
Auxiliary Byte (AUXB): When thisbitisaland OUTB isa 1, the OUT register contains data tion of these bitsif an error is

5 from the auxiliary device (mouse). When it isa0 and OUTB is a1, it contains keyboard data or detected on self-test.
command controller response data from the 8042.

Keyboard Lock (KEYL): When this bit is a1, the keyboard isocked and the password state is ac-
tive. When this bitis a 0, the keyboard is free.Keyboard L ock Status

Command/Data (C/D): Whenthis bit isa 1, it indicates acommand has or will be written to the IN
3 register. When this bitis a0, it indicates that data has or will been written to the IN register C/D N/A
(Command/Data)
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Table 215.  Status Register (STA) (Continued)

Bit Normal Function

Specia Function

System Flag (SYSF): This bit is set to a1 or 0 by writing to the system flag bit (bit 2) in the Con-

troller Command byte. N/A

1 Input Byte (INPB): When this bitis a 1, the system has put datain the In register for the keyboard N/A

Output Byte (OUTB): When this bit isa 1, the keyboard/mouse has put datain the OUT register.
0 If thisbitis a0, the OUT register is empty (the system has read the last byte presented in the OUT N/A
register).

7.3.4 Control Register (CTL)

Table 216. Keyboard Control Reguster CTL) Characteristics

Valuein Register

9 opery Control to OS
1byte Direct reg[2] 0x00 Write Undefined N/A

The ways in which these bits are used are described in the next sections.

Table 217. Control Register (CTL)

Bit Function
7.0 (Command): Table 218 gives the commands that the system sends to the
keyboard/mouse controller.
Table218. Controller Commands
Code Command Description
Bits 5-0 of this command specifies the internal address that thekeyboard/ mouse controller will
use to address datato be returned in the output register. I nternal address 0x00 is assigned as the
0x20-0x3F Read Controller RAM ’
X ntroer Controller Command Byte (See Table 219 on page 111 for details on the Controller Command
Byte).
Bits 5-0 of this command specifies the internal address that the next byte written into the Con-
: trol Register will bewrittento . (The address iswritten to this register followed by the datato be
0x60-0x7F  Write to Controller RAM ) . .
X X riteto ontrofler written to the address). Internal address 0x00 is assigned as the Controller Command Byte. (See
Table 219 on page 111 for details on the Controller Command Byte).
OxA4 Reserved
OxA5 Reserved
OxA6 Reserved
OxA7 Disable Auxiliary Device  This command sets bit 5 of the Controller Command byteto 1. This disables the auxiliary de-

(Mouse)

vice interface by driving the clock line low. Data is not received while the interface is disabled..
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Table 218. Controller Commands (Continued)

Code Command

Description

Enable Auxiliary Device

OxA8 (Mouse)

This command sets bit 5 of the Controller Command byte to O, releasing the auxiliary devicein-
terface.

Check Interface to Auxiliary

OXA9 Device (Mouse)

Checks the interface to the auxiliary device and stores the check codein the output Register:
0x00=no error

0x01=clock line stuck low

0x02=clock line stuck high

0x03=data line stuck low

0x04=data line stuck high

OxAA Self-Test

Thekeyboard controller executes a self-test and writes 0x55 into the output Register if no error
is detected.. Bit 0 of the Controller Status Register is set to a 1 upon completion of the self-test.
The system should allow one second for the self-test to complete before assuming an error oc-
curred and checking the Controller Status Register bits 7-4 for t he error indication.

Bits 7-4 of Controller Status Register if error occurs:

0x1 - Valid OXAA self-test command check

0x2 - Controller instruciton processing tests

0x3 - RAM dataand addressing tests

0x4 - ROM data checksum and addressing tests

0x5 - Timer and interrupt handling tests

0x6 - Initialization routines and checks

0x8 - Self-test complete and 0x55 placed in the output buffer

OxAB Check Keyboard I nterface

Checks the interface to the keyboard device and stores the check code in the output Register:
0x00=no error

0x01=clock line stuck low

0x02=clock line stuck high

0x03=data line stuck low

0x04=data line stuck high

OxAD Disable keyboard Disables the keyboard. and sets bit 4 of the Controller Command byteto 1.
OXAE Enable Keyboard Enables the keyboard. and sets bit 4 of the Controller Command byteto a 0.
0xCO0 Read Input Port Reads the input port to the keyboard/mouse and transfers the data into the output Register.
OXC2 Poll Input Port (high) iF;te:::ls bits 7-4 of theinput port from the device and transfers them into bits 7-4 of the status reg-
0xC3 Poll Input Port (low) iF;te:::ls bits 3-0 of theinput port from the device and transfers them into bits 7-4 of the status reg-
OxDO Read Output Port Reads the puput port from the keyboard/mouse and transfers the data from the output port to the
output register.

0xD1 Write Output Port Writes the following data bytein to the ouput port.

WriteKeyboard Output Reg- . . . . . .
0xD2 rexey ci)gtrer PutReg Writes the following data byteinto the output register and clears AUXB in the status register.

Write Ouput Register to

Writes the following data byteinto the output register and sets AUXB in the status register. An

0xD3 - ) h ) ) . :
Auxiliary Device (Mouse) interrupt occursif theinterrupt is enabled in the Controller Command Byte.
OxD4 Write Auxiliary Device Wnteg the following byteinto the auxiliary device. An interrupt occurs if the interrupt is en-
abled in the Controller Command Byte.
This command causes the keyboard/mouse controller to read its test inputs and place the results
OxEOQ Read Test | nput Port in the output buffer. Test 0 (TO) is connected to the keyboard clock line, and test 1 (T1) is con-

nected to the auxiliary device clock line. Data bit O representss TO, and data bit 1 represents T1.

OxF0-OxFF  Send Pulses to Output Port

This command pulses selected bits in the keyboard/mouse controller ouput port (to the device)
for approximately 6 microseconds. Bits 3-0 of this command select the respective bitsin the
output port .
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Table 219. Controller Command Byte

Bit Description

7 Keyboard DataOut : Reflects state of this dataline to the keyboard.

6 Keyboard Clock Out : Reflects state of this clock line to the keyboard.

Auxiliary Device Interrupt (When thisis 1 an interrupt has been generated by
the auxiliary device in the output register)

Keyboard I nterrupt (When thisis 1 an interrupt has been generated by the
4 keyboard device putting data in the output register or any connected device
posting acommand to the output buffer.

3 Auxiliary Clock Out:: Reflects state of this dataline to the auxiliary device.

2 Auxiliary Data Out:: Reflects state of this clock line to the auxiliary device.

1 Gate Address Line A20

Reset System: When this lineis set to a0 the keyboard controller holds the
system in areset state until this bit isset to a 1.

7.4 Programming Devices Attached to the Keyboard/Mouse
Controller

The trandation of the data and commands that pass through the Input Register (IN) and the Output Register (OUT)

are device dependent and as such are not addressed herein

7.5 References

1

National Semiconductor PC87308VUL Superl/O Enhanced Sdewinder LitePlug and Play Compatible Chip,
with a Floppy Disk Controller, a Keyboard Controller, a Real-Time Clock, Two UARTS, Full Infrared Support
and an |EEE1284 Parallel Port [22]

National Semiconductor PC87332VLJ (3.3V/5V) and PC87332VLJ-5 (5V) (Superl/O 111 Premium Green)
Floppy Disk Controller, Dual UARTSs, |EEE 1284 Parallel Port, and IDE Interface [24]

Personal Computer Standard V2.0 (SurePath BIOS) [36]. This can be obtained on the World Wide Web at
http://www.surepath.ibm.com/documents/pcs/othrtoc.html.






Audio

8.1 Overview

Because of the lack of maturity of audio subsystem technology and its disparate goalsin the spectrum of system con-
figurations, the creators have chosen not to limit systems to a single audio subsystem architecture. Platform designers
may implement any audio subsystem which meets the requirements below and those in PowerPC Microprocessor
Common Hardware Reference Platform: A System Architecture [1], and are responsible for securing device driver sup-

port from the operating systems that will be part of their system offering.

Table 220 on page 113 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-

tem Architecture, showing the minimum requirements for the audio subsystem of CHRP platforms.

Table 220.  Summary of Minimum Platform Requirements (excerpt)

_ - R
Subsystem Specification i 2 Description
5k 5
Audio 16bit Stereo, 22.05 R R o Servers do not require high quality audio.
and 44.1 KHz, full du- The programming model for this basic audio capability is
plex. specified in PowerPC Microprocessor Common Hardware

Reference Platform: 1/0O Device Reference.

Requirements:

81

82

8-3.

8-5.

The audio subsystem must provide one stereo analog audio input, which may typicaly bealinelevel or
microphone input attached to an external jack.

The audio subsystem must provide one stereo analog audio output, which may typically be ajack for the
attachment of speakers or a headphone.

An analog-to-digital converter (ADC) must be provided to digitize the stereo analog audio input for
delivery at the stereo digital audio output.

An digital-to-analog converter (DAC) must be provided to convert the stereo digital audio input for
delivery at the stereo analog audio output.

The audio subsystem must be capable of simultaneous recording and playback with 16 bit sample
resolution at frequencies of 22.05 and 44.1 KHz.

The audio subsystem must be configured to a passive state (inputs muted, interrupt and DM A requests
disabled) when control is passed to the operating system. System resets must also return the audio
subsystem to a passive state.






ESCC

The Extended Serial Communications Controller (ESCC) provides support for asynchronous (i.e. UART), synchro-
nous (used by synchronous modems and GeoPort™) and HDL C/SDL C (used by L ocal Tak) protocols. The ESCC isan
enhanced version of the Zilog 85C30. Refer to the 85C30 chapter in the Zilog Serial Communications Controllers:
Product Specifications Data Book [39] for a description of this part.

The ESCC includes 2 channels (called Channel A and Channel B). Each channel’s control, mode and status registers
are accessed via indirect accesses to that channel’s Command Register. A separate Data Register is allocated to each
channel for direct access to its data FI FO. The ESCC aso has its own Enhancement Register.

The ESCC has additional registers for simplifying the implementation of LocaTalk, controlling access timing, etc.
These registers are shared between channels.

The ESCC also includes separate DBDMA channels for transmit and receive for each channel to provide support for
high-speed, full-duplex operation. DBDMA s described in Chapter 15, “ Descriptor-Based DMA,” on page 169

The ESCC has two alternate address decodings for its Command, Data and Enhancement Registers. The two decod-
ings use different base addresses. The preferred address decoding is shown in Table 222 on page 117. The “legacy”
decoding is shown in Table 223 on page 118. Note that the offsets of the shared registers are identical between decod-
ings. Only the offsets of the Command, Data and Enhancement Registers are different.

In order to communicate the different decodings, redundant Open Firmware nodes for the ESCC will be present. The
preferred decoding will be the one used by Open Firmware for its serial device driver support. The legacy decoding is
present only for completeness.

Each of the channels for the “escc” and “escc-legacy” nodes will be represented by a child node in the Open Firm-
waretree.

9.1 Overview and General Requirements

Table 221 on page 115 is an excerpt from the PowerPC Microprocessor Common Hardware Reference Platform: A
System Architecture showing the configuration requirements for the ESCC controller.

Table 221. Summary of Minimum Platform Requirements(excerpt)

o o
o) jo
Subsystem Specification é 2 g Description
5 k5
Serid Port R (e] It is acceptable to provide the PC style interface or the Ap-

o
16550 (e] R (e] plestyleinterface by means of aplug-in card to achieve
SCC o R (0] certification.
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Requirements:

9-1. When control of the ESCC Controller defined herein is passed from Open Firmware to the Operating
System, it must be configured as described herein.

9-2. Inthe Open Firmware devicetree “escc” and “escc-legacy” device nodes, Open Firmware must define the
“clock-frequency” property to indicate the frequency of the configured ESCC PCLK. This clock source
must be selectable from either the RTxC input or the ESCC’s PCLK. When it is selected from the RTxC
input it must have anominal frequency of 3.684 MHz.

9-3. A controller that is compatible with the controller described herein must be represented in the device tree
as specified in the CHRP ESCC Device Binding.

9.2 ESCC Controller Open Firmware Properties

Requirements:

9-4. Theregisters shown in Table 222 on page 117 must all be present in the device with name= “escc”,
device_type= “escc” and compatible= “chrp,es0”.

9-5. The Open Firmware “reg” property information given in Table 222 on page 117 must be provided in the
Open Firmware device tree for thisdevice.

9-6. The “escc” device node must have a “ranges’ property, along with corresponding “#address-cells’=1 and
“#size-cells’ =1 properties consistent with the representation of its parent bus. The “ranges’ must map the
address ranges described by the child node’s “reg” entries.

9-7. All thereg property fields specified in Table 222 on page 117 must comply with the format for the parent
bus as defined by the Mac 1/0 [14] binding .

The positionsin the reg property (denoted by reg[Q], reg[1], reg[2], etc.) and the value of the sizefields are stated in
Table 222 on page 117. The format is described in referenced Open Firmware binding and not repeated here.
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Table222. ESCC Registers

Offset Register Open Firmware Reg Property
0x00 Command B

0x10 Data B

0x20 Command A

0x30 Data A

0x40 Channel B Enhancement

0x50 Channel A Enhancement

0x60 SCC Recovery Count

0x70 LTPC Start A

0x70 LTPC Start B reolt] size=2%
0x80 LTPC Detect AB

0x90 Timer

O0xAO0 Specia Character 1

0xB0O Specia Character 2

0xCOo Specia Character 3

0xDO Special Detect

OxEO Receive Mask

See Chapter  Channel A DBDMA Tx Registers reg[2],size=
15, “Descrip-  Channel A DBDMA Rx Registers reg[3],size=
tor-Based

DMA"on  Channel BDBDMA Tx Registers reg[4],size=
page 169 Channel B DBDMA Rx Registers reg[5),size=

9.3 Legacy ESCC Controller Open Firmware Properties

Requirements:

9-8.

9-9.

9-10.

9-1.

The registers shown in Table 223 on page 118 must all be present in the device with name= * escc-legacy”,
device-type="escc-legacy” and compatible= “chrp,esl”.

The Open Firmware “reg” property information given in Table 223 on page 118 must be provided in the
Open Firmware device tree for thisdevice.

The “escc-legacy” device node must have a“ranges’ property, along with corresponding “ #address-
cells’=1 and “#size-cells’ =1 properties consistent with the representation of its parent bus. The “ranges”
must map the address ranges described by the child node’s“reg” entries.

All the reg property fields specified in Table 223 on page 118 must comply with the format for the parent
bus as defined by the Mac 1/0 [14] binding for Open Firmware.

The positionsin the reg property (denoted by reg[Q], reg[1], reg[2], etc.) and the value of the sizefields are stated in
Table 223 on page 118. The format is described in theOpen Firmware binding and not repeated here.



118 Chapter9 ESCC

Table 223. ESCC Legacy Registers
Offset Register Open Firmware Reg Property
0x00 Channel B Command
0x02 Channel A Command
0x04 Channel B Data
0x06 Channel A Data
0x08 Channel B Enhancement
O0x0A Channel A Enhancement
0x60 SCC Recovery Count
0x70 LTPC Start A
0x80 LTPC Start B reolt] size=2%
0x90 LTPC Detect AB
OxA0 Timer
0xB0O Specia Character 1
0xCOo Specia Character 2
0xDO Specia Character 3
OxEO Special Detect
OxFO Receive Mask
See Chapter  Channel A DBDMA Tx Registers reg[2],size=
15, “Descrip-  Channel A DBDMA Rx Registers reg[3],size=
tor-Based
DMA"on  Channel BDBDMA Tx Registers reg[4],size=
page 169 Channel B DBDMA Rx Registers reg[5),size=

9.4 Child Nodes for ESCC Open Firmware Properties

Requirements:

9-12. Theregisters shown in Table 224 on page 118 must all be present in the device with name=“ch-a’,
device_type= “serial”, and compatible= “chrp,es2”.

9-13. The registers shown in Table 224 on page 118 must all be present in the device with name= “ch-b”,
device_type= “serial”, and compatible= “chrp,es3".

9-14. The Open Firmware “reg” property information given in Table 224 on page 118 must be provided in the
Open Firmware device tree for this device.

9-15. The “reg” property fields for the child nodes of the “escc” device must conform to the order described in

Table 224 on page 118.
Table 224. ESCC Child Node Registers
Offset Register Open Firmware Reg Property
0x00 Channel B Command reg[0]

0x00

Channel B Data

reg[1]
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Table224. ESCC Child Node Registers (Continued)

Offset Register Open Firmware Reg Property
0x00 Channel B Enhancement reg(2]

See Chapter DBDMA Tx Registers reg[3]

15, “Descrip-

tor-Based

DMA,” on DBDMA Rx Registers reg[4]

page 169

9.5 Child Nodes for ESCC-Legacy Open Firmware Properties

Requirements:
9-16. Theregisters shownin Table 225 on page 119 must all be present in the device with name= “ch-a", device-
type= “legacy” , and compatible="chrp,es4”.

9-17. Theregisters shown in Table 225 on page 119 must al be present in the device with name= “ch-b”, device-
type= “legacy” , and compatible="chrp,es5".

9-18. The Open Firmware “reg” property information given in Table 225 on page 119 must be provided in the
Open Firmware device tree for thisdevice.

9-19. The“reg” property fields for the child nodes of the “escc-legacy” device must conform to the order
described in Table 225 on page 119.

Table 225. ESCC Legacy Child Note Registers

Offset Register Open Firmware Reg Property
0x00 Channel B Command reg[0]
0x00 Channel B Data reg[1]
0x00 Channel B Enhancement reg(2]

9.6 LocalTalk Support

Apple LocaTak is afamily of hardware interconnection products for local area networking. LocalTalk support is
provided by mapping a section of logic called the the LTPC L ogic module onto the ESCC cell’s address space. For in-
formation about L ocal Talk, see Technical Introduction to the Macintosh Family, second edition [8].

9.7 ESCC Channel Specific Registers

The ESCC has a set of three registers which are assigned independently to each channel.

Requirements:

9-20. For the device described herein, al the registers defined in sections 9.7.1, “Command Register,” on
page 120 through Section 9.7.3, “Enhancement Register,” on page 120 must be implemented precisdly as
described herein.
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9.7.1 Command Register

Table 226. Command Register Characteristics
Register Register Associated Offset Read/Write m‘; 'gFReg'Ster W I nitiated
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
ent =reg[1] See Table
Lhyte Direct parent =reg 22andTa  Read/Write Undefined N/A
child=reg[0Q] ble 223

The Command Register is used to pass byte wide commands to and from devices on the ESCC channel.

9.7.2 Data Register

Table227. Data Register Characteristics

Valuein Register

Register Register Associated Offset Read/Write SW I nitiated
: ) L When OF Passes
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
ent =reg[1] See Table
Lhyte Direct parent =reg 22andTa  Read/Write Undefined N/A
child=reg[1] ble223

The Data Register is used by the DMA engine and by system software to send and receive bytes on the ESCC port.

9.7.3 Enhancement Register

Table 228. Enhnacement Register Characteristics

Valuein Register

e Adresmg  memmey  Adbes  Chawwse | WheOFPasss ST AR
9 €g Froperty Control to OS
ent =reg[1] See Table
Lhyte Direct parent =reg 22andTa  Read/Write Undefined N/A
child=reg[2]] ble223

Thisregister is needed for GeoPort and is described in Table 229.
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Table 229. Enhancement Register

Bit Description

7-5 Reserved

Thislineis used by Geoport. When itis a1, the CTSB interface lineis connected to the GPIOB line
4 from the serial port, and the DCDB interfaceline is connected to ground. Whenitisa 0, CTSB is
connected to TRXCBIn_| and DCDB is connected to GPIOB.

30 Reserved

9.8 ESCC Shared Registers

The ESCC has a set of shared registers which are used by both the A and B channels.

Requirements:

9-21. For the device described herein, all the registers defined in sections 9.8.1, “ SCC Recovery Count Register,”
on page 121 through Section 9.8.10, “Receive Mask,” on page 126 must be implemented precisely as
described herein.

9.8.1 SCC Recovery Count Register

Table230. SCC Recovery Count Characteristics

Valuein Register

" Adeemng  Reomoey  Adtes  Crameiee  WOFRes Lo LS
9 g Froperty Control to OS
1byte Direct reg[1] 0x60 Read/Write Undefined N/A

The ESCC has timing processes that require a read/write Initial Recovery Count register in the ESCC /O mod-
ule.This register is shown in Table 233 on page 122. The value loaded into the 6-bit Initial Recovery Count register
(IRC) defines the delay between accesses to the ESCC. The I/O module logic loads this count value into an internal
timer when an ESCC access occurs and starts counting down. The ESCC /O module holds off a second access to
ESCC until the timer has reached 0.

Table 231. SCC Recovery Count

Bit Function
7-6 Reserved
50 Initial Recovery Count
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9.8.2 LTPC Start A

Table232. LTPC Start Register Characteristics

Valuein Register

Register Register Associated Offset Read/Write S/W I nitiated
: : . When OF Passes
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
1byte Direct reg[1] 0x70 Read/Write Undefined N/A

When bit O is set, the LTPC takes control of the RTSA interface line to the serial port and begins looking for the
mark bits at the end of aLocalTalk packet. After approximately 15 mark bits, the LTPC will tristate the serial port and
set the corresponding detect bit in the DBDMA S-bits and the LTPC Detect AB Register.

Table233. LTPC Start A Register

Bit Functon
7-1 Reserved
0 Start A

9.8.3 LTPC Start B

Table 234. LTPC Start B Register Characteristics

Valuein Register

ol o A V. e
Z 9 €g Froperty e Control to OS u
1byte Direct reg[1] 0x80 Read/Write Undefined N/A

When bit O is set, the LTPC takes control of the RTSA interface line to the serial port and begins looking for the
mark bits at the end of aLocalTalk packet. After approximately 15 mark bits, the LTPC will tristate the serial port and
set the corresponding detect bit in the DBDMA S-bits and the LTPC Detect Register.

Table235. LTPC Start B Register

Bit Function
7-1 Reserved
0 Start B
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9.8.4 LTPC Detect AB Register

Table 236. LTPC Detect Register Characteristics

Valuein Register

ol o A MRV . e
Z 9 €g Froperty e Control to OS u
1byte Direct reg[1] 0x90 Read/Write Undefined N/A

The 1-bit read-only register shown in Table 233 consists of asingle 1-bit register. It indicates whether the LTPC has
detected the abort sequence for the corresponding transmit channels. Theregister is cleared on reset and is set when the
LTPC logic has been armed (by setting the Start register) and has then detected the abort sequence. It stays set until the
Start register is cleared by software.

Table 237. LTPC Detect AB Register

Bit Function
7-2 Reserved
1 Detect A
0 Detect B
9.8.5 Timer Register
Table 238. Timer Register Characteristics
Register Register Associated Offset Read/Write m‘; ! gFReg'Ster W I nitiated
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
4 byte Direct reg[1] O0xAO Read/Write Undefined N/A

Table 233 on page 122 gives the format of this register.

Table239. Timer Register

Bit Function
31-17 Reserved
16 Timer Clock Select: When thisbitis a1, thetimer is decrement-

ed on the risng edge of the external clock input to the SCC.
When thisbit is 0, the timer is decremented on the ri g ng edge of
a921.6 Khz dock, giving approximately 1 microsecond resolu-
tion to the counter.

15-8

Reserved
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Table239. Timer Register

Bit Function

7-0 Timer Value: This is where the initial timer value is placed.
These bits are the state of the decrementing counter when Timer
Clock Select isa 1. When this counter goes to zero, it sets Shit 7
inthe Transmit DMA Status Register.

9.8.6 Special Character 1 Register

Table 240. Specia Character 1 Register Characteristics

Valuein Register

Register Register Associated Offset Read/Write SW I nitiated
: . . When OF Passes
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
2 byte Direct reg[1] 0xB0O Read/Write Undefined N/A
Table 233 on page 122 gives the format of this register.
Table241. Special Character 1 Register
Bit Function
159 Reserved. Set to 0.
8 Special Character Enable: When thisbitisa 1, bits 7-0 contains
acharacter that this ESCC controller searches for in the received
data stream.
7-0 Character: Thisisthe character the ESCC controller searches for
when bit 8=1.
9.8.7 Special Character 2 Register
Table242.  Specia Character 2 Register Characteristics
Register Register Associated Offset Read/Write vaueinRegister - | itiated
Size Addressing Reg Property Address Characteristics When OF Reset Value
Control to OS
2 byte Direct reg[1] 0xCOo Read/Write Undefined N/A

Table 233 on page 122 gives the format of this register.

Table 243.  Special Character 2 Register

Bit Function

159 Reserved. Set to 0.
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Table 243.  Special Character 2 Register

Bit Function

8 Special Character Enable: When thisbitisa 1, bits 7-0 contains
acharacter that this ESCC controller searches for in the received
data stream.

7-0 Character: Thisisthe character the ESCC controller searches for
when bit 8=1.

9.8.8 Special Character 3 Register

Table 244.  Specia Character 3 Register Characteristics

Valuein Register

Register Register Associated Offset Read/Write SW Initiated
: . . When OF Passes
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
2 byte Direct reg[1] 0xDO Read/Write Undefined N/A
Table 233 on page 122 gives the format of this register.
Table 245. Special Character 3 Register
Bit Function
159 Reserved. Set to 0.
8 Special Character Enable: When thisbitisa 1, bits 7-0 contains
a character that this ESCC controller searchesfor in the received
data stream.
7-0 Character: Thisisthe character the ESCC controller searches for
when bit 8=1.
9.8.9 Special Character Detect Register
Table 246. Specia Character Detect Register Characteristics
Register Register Associated Offset Read/Write vaueinRegister | itiated
Size Addressing Reg Property Address Characteristics When OF Reset Value
Control to OS
2 byte Direct reg[1] OxEO Read/Write Undefined N/A

When bits 0, 1 or 2 are set as desribed in Table 233 on page 122 an interrupt to the system is generated.
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Table247. Specid Character Detect Register

Bit

Function

7-3

Reserved. Set to 0.

Special Character Register 3's character has been detected when
thishitisal.

Special Character Register 2's character has been detected when
thishitisal.

Special Character Register 1's character has been detected when
thishitisal.

9.8.10 Receive Mask

Table 248. Receive Mask Register Characteristics

Valuein Register

ol o A V. e
ze ressing g Froperty Control to OS
1byte Direct reg[1] OxFO Read/Write Undefined N/A

Thisregister is used to mask out bits from the incoming data stream from the ESCC.

Table 249. Receive Mask Register

Bit

Function

Masks bit 7 of the incoming data stream from the ESCC channel
when thishitisal.

Masks bit 6 of the incoming data stream from the ESCC channel
when thishitisal.

Masks bit 5 of the incoming data stream from the ESCC channel
when thishitisal.

Masks bit 4 of the incoming data stream from the ESCC channel
when thishitisal.

Masks bit 3 of the incoming data stream from the ESCC channel
when thishitisal.

Masks hit27 of theincoming data stream from the ESCC channel
when thishitisal.

Masks bit 1 of the incoming data stream from the ESCC channel
when thishitisal.

Masks bit 0 of the incoming data stream from the ESCC channel
when thishitisal.
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9.9 ESCC DBDMA Channel Status Register Usage

The interpretation of the DBDMA Channel Status Registers is device dependent. For the ESCC, their interpretation
isgiven here.

9.9.1 DBDMA Transmit Channel Status Register Usage
The general purpose status bits (Channel Status.s7..s0) are allocated as indicated in Table 250.

Table 250. ESCC DBDMA transmit channel status bits

Bit Meaning

s7..56 not implemented

s5 LTPC detect

sA.s1 not implemented

0 Wait (externally controlled)

9.9.2 DBDMA Receive Channel Status Register Usage
The general purpose status bits (Channel Status.s7..s0) are allocated as indicated in Table 251.

Table 251. ESCC DBDMA receive channd status bits

Bit Meaning
s7.s1 not implemented
0 Wait (externally controlled)

9.10 Conditional Interrupt, Branch and Wait Generation

This section details how I nterrupt, Branch and Wait conditions are generated.

9.10.1 Transmit Channel

Only bits s0 and s5 may be used to generate the Interrupt, Branch and Wait conditions. These are the only bitsimple-
mented in the I nterruptSelect, BranchSelect, and WaitSelect registers for these channels.

9.10.2 Receive Channel

Only bit sO may be used to generate the Interrupt, Branch and Wait conditions. Thisis the only bit implemented in
the I nterruptSelect, BranchSelect, and WaitSelect registers for these channels.

9.10.3 Sending Packets Using the LTPC

The following steps list the sequence that should be followed to send packets using the LTPC module.
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12.
13.

14.
15.
16.

9.11

Disable interrupts through software.
Program the ESCC to flag idle.

Ensure that the Start register is cleared. This will cause RTS _to be passed through the LTPC without any
modification.

Turnon the RTS_ bit in the ESCC.

Wait for greater than 1 bit time to guarantee that an edge is generated on the line.
Turn off the RTS_ bit in the ESCC.

Wait 1.5 bit timesto generate the missing clock.

Enable the transmitter and turn on the RTS_ bit in the ESCC.

Program the ESCC to mark idle.

Start the DBDMA transmit channel program.

Set the Start register. This will cause it to start monitoring the TxData line looking for the abort sequence.
RTS_ will remain in pass-through mode until the abort sequence has finished.

SW may now reenable interrupts.

Poll the Detect register to determine when the abort sequence has finished. When the LTPC has detected 16
onesinarow it will drivethe RTS_ line high, terminating the abort sequence.

Turn off the RTS_ bit in the ESCC.
Reset the missing clocksflag.
Clear the Start register. This will cause RTS_ to be passed through without any modification.

References

Zilog Serial Communications Controllers: Product Specifications Data Book Document number: DC8316-01
[39]



Apple Desktop Bus Controller

The Apple Desktop Bus (ADB) is alow-speed bus for 1/0 devices such as keyboards, pointing devices, and tablets.
The ADB controller relieves the microprocessor from performing the ADB control functions. It performs all ADB
master functions, including autopolling, service request (SRQ) autopolling with error recovery, and keyboard-invoked
reset and NM| interrupt actions.

10.1 CHRP Requirements

Table 252 on page 129 is an excerpt from the PowerPC Microprocessor Common Hardware Reference Platform: A
System Architecture showing the ADB is optional support for al phanumeric input devices and pointing devices.

Table252. Summary of Minimum Platform Requirements (excerpt)

Q@ o
Subsystem Specification é § § Description
g & 3
Alphanumeric Input R R (e] Servers do not require akeyboard for normal operation,
Device PS/2Keyboard inter- R* R* (e] however ameans to attach an A/N I nput Device must be
face provided; an ASCI| terminal is aexample of such adevice.
ADB R* R* (e] Keyboards must be capable of generating at least 101
Terminal o o o scan codes.
Pointing Device R R (e] If aplatform includes akeyboard, it must also include a
2 buttons R R (e] pointing device with the functionality of &t |east a 2-button
PS/2 interface R* R* o mouse
ADB R R O
Requirements:

10-1. If an ADB is present in the system, it must perform as defined in this chapter.

10.2 ADB Open Firmware Properties

Requirements:

10-2. The ADB controller device must be represented by the Open Firmware properties “ name=adb,
device_type=adb, compatible= chrp-adb0”.

10-3. Theregisters shown in Table 253 on page 130 must all be present in the device defined in this chapter.
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10-4. The Open Firmware “reg” property information given in Table 253 on page 130 must be provided in the
Open Firmware device tree for thisdevice.

10-5. Theinterrupt property must be provided for this device in the Open Firmware device tree.

10-6. The Open Firmware device tree node for the ADB seria device described in this chapter must follow the
specification given in the Open Firmware Mac 1/0 [14] binding.

The position in the reg property (denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in Table
253 on page 130. The format is described in the referenced Open Firmware bindings and not repeated here.

Table 253. ADB status and control registers

Reg Properties for Open Firmware

Name Offset (base address, size)
Interrupt Status 0x0000

Command 0x0010

Datal 0x0020

Daa2 0x0030

Daa3 0x0040

Daad 0x0050

Daab 0x0060

Daab 0x0070

Data7 0x0080 o
Sy OX00% (reg[1] ,size=273)
Interrupt Source Enable 0x00A0

Data Type/Count 0x00BO

Error Status 0x00CO0

Control 0x00D0

Autopoll Control 0x00EOQ

Active Device Address Low 0x00F0

Active Device Address High 0x0100

Reserved 0x0110

10.3 ADB Registers

Requirements:

10-7. The ADB controller must be implemented with all the registers as defined in :

a.

b.

Table 254, “Interrupt Status Register (IST) Characteristics,” on page 131

Table 255, “Interrupt Status Register,” on page 131

Table 256, “Command/Data Register File (CDRF) Characteristics,” on page 132
Table 257, “Interrupt Source Enable (I SE) Characteristics,” on page 132

Table 258, “Interrupt Source Enable,” on page 132
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f. Table 259, “Data Type Count (DTC) Characteristics,” on page 132

g. Table 260, “Data Type Count Register,” on page 133

h. Table 261, “Error Status Register (ESR) Characteristics,” on page 133

i. Table 262, “Error Status Register,” on page 133

j. Table 263, “Control (CTL) Characteristics,” on page 134

k. Table 264, “Control Register,” on page 134

I.  Table 265, “Autopoll Control (ACL) Characteristics,” on page 134

m. Table 266, “Autopoll Control Register,” on page 134

n. Table 267, “Active Device Address low and High (ACD) Characteristics,” on page 135

0. Table 268, “Active Device High and L ow Registers,” on page 135

10.3.1 Interrupt Status (IST)

The | ST register contains the two bits indicating the source of the interrupt.

Table254. Interrupt Status Register (IST) Characteristics

Register Register Associated Offset Read/Write Valuein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Value
1byte Direct reg[1] 0x0000 Read/Write 0x00 N/A

Table 255. Interrupt Status Register

Bit Function

7-2 Reserved

TAG: The TAG bit determines whether or not a transfer may take place. The ADB controller must set this bit to 1 when system software is granted
access to write acommand and data. System software must only write the command and datawhen Tagisset to 1.

0 DFB: The DFB bit indicates whether or not data from the ADB is present. The ADB controller must set this bit to 1 when a command and data are
available for system software.

10.3.2 Command/Data Register File (CDRF)

The CDRF is used for both sending and receiving data. The commands and data formats are described in the ADB
chapter of the book Inside Macintosh: Devices[15]
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Table 256. Command/Data Register File (CDRF) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Value
See Table
9 bytes Direct reg[1] 253 on page Read/Write 0x00 N/A
130

10.3.3 Interrupt Source Enable (ISE)

The | SE register masks or unmasks the two conditions for an interrupt from the ADB.

Table 257. Interrupt Source Enable (I SE) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Value
1byte Direct reg[1] O0x00AO0 Read/Write 0x00 N/A

Table258. Interrupt Source Enable

Bit Function

7-2 Unused

TAG_IS EN: System software must set the TAG_IS_EN bit to enable ADB controller to issue an interrupt when write accessto the CDRF is
granted (that is, when the TAG bit is set).

DFB_IS_EN: System software must set the DFB_IS_EN bit to enable the ADB controller to issue an interrupt when data from the ADB is
present (that is when the DFB bit is set).

10.3.4 Data Type Count (DTC)

The DTC register has a bit for indicating when data was received from the ADB as aresult of an autopoll sequence
and a count to indicate the number of valid command and data bytes that have been stored in the CDRF.

Table 259. DataType Count (DTC) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Value

1byte Direct reg[1] 0x00B0O Read/Write 0x00 N/A
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Table 260. Data Type Count Register

Bit Function

7-5 Unused

APD: The ADB controller must set APD bit when the datathat is posted to the CDRF was obtained as the result of an autopoll sequence. The
ADB controller must clear the APD bit at the start of any autopoll sequence. System software must only read this bit.

HMB: The four HMB bits are used to indicate the number of valid command and data bytes that have been stored in the CDRF. The ADB control-
30 ler must set these bits when the datais being transferred from the ADB to the system software. System software must sets these bytes when datais

being transferred from the system software to the ADB. These bits must contain a 4-bit binary number from Oto 9.

10.3.5 Error Status Register (ESR)

The ESR register has bits for indicating when a data byte has failed to complete on the ADB interface and when a

device hasfailed to respond to a Talk command.

Table 261. Error Status Register (ESR) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Vaue
1byte Direct reg[1] 0x00CO Read/Write 0x00 N/A

Table 262.  Error Status Register

Bit Function

7-3 Reserved

SRQ: The service request bit indicates another device on the bus was requesting service during the last transaction. If this was set as aresult of an

2 : . )
autopoll, then autopoll must seek out the device asserting SRQ in the next autopoll cycle.
1 DLE: The ADB controller must set the DLE bit when it was in process of reading data from the bus, at least 1 bit but less than 8 bits have been re-
ceived, and no additional edges are detected within teyc max (Period time of abit cell, worst case). The DFB bit must also be set.
NRE: The ADB controller must set the NRE bit, if in response to acommand from the system software, it has issued a Talk command to a device
0 that is known to be on the bus and there is no response from the device. In other words, no start bit is detected within the T; ;4 time (stop-to-start

timing, worst case). The DFB bit must also be set.

10.3.6 Control (CTL)

The CTL register contains bits which control the ADB operation.
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Table 263. Control (CTL) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Vaue
1byte Direct reg[1] 0x00DO Read/Write 0x00 N/A

Table 264. Control Register

Bit Function

7-4 Reserved

3 ADB_RST: When the system software sets the ADB_RST bit, the ADB controller must issue an ADB Reset. The ADB controller must clear the
ADB_RST bit upon completion of the ADB Reset.

CRE: System software must set the CRE bit to inform the ADB controller that it expects aresponse from the ADB devicethat is addressed by

2 the command that is currently in the CDRF. This occurs when the system software is sending a Talk command (performing aread from ADB).
When the CRE bit is set, the ADB controller must sample the busfor aresponse from the device that was addressed. This action may result in an
error condition, or may result in databeing posted to the CDRF.

DTB: The value of the DTB bit indicates whether or not data from the system software should be sent to the ADB. System software must set
1 DTB to 1 after it has placed acommand and data in the CDRF. The ADB controller must send the command and data to the device and upon
completion must clear the DTB bit.

0 TAR: System software uses the TAR bit to request access to the bus. System software must set the TAR bit to 1 to inform the ADB controller
that it would like to send an explicit command or command and datato the ADB.

10.3.7 Autopoll Control (ACL)

The ACL register is used by the system to initiate an autopoll sequence.

Table 265. Autopoll Control (ACL) Characteristics

Register Register Associated Offset Read/Write Vauein Register when ~ SW Initiated
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS ~ Reset Vaue
1byte Direct reg[1] 0x00EO Read/Write 0x00 N/A

Table266. Autopoll Control Register

Bit Function

7-1 Reserved

0 APE: System software must sets the APE bit to a 1, when it wants the ADB controller to perform autopolling. The ADB controller must respond
by performing autopolling if the APE bit is set.
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10.3.8 Active Device Address High and Low (ACD)

The 16 bit ACD register has one bit position for each of sixteen possible devices on the ADB.

Table 267. Active Device Addresslow and High (ACD) Characteristics

Vauein Regis-
Register Register Associated Offset Read/Write ter when OF SW Initiated
Size Addressing Reg Property Address Characteristics passes control Reset Value
to OS
2 bytes Direct reg[1] %);%T;% Read/Write 0x0000 N/A

Table 268. Active Device High and Low Registers

Bit

Function

AD_AD_Low[7,6,54,3,2,1,0] (at 0XO0F0): The bits in the AD_AD registers indicate which addresses on the ADB contain currently active de-
7-0 vices. System software must set these bits on if an active device exists at this position. The ADB controller must use this information during the
SRQ autopolling sequence.

AD_AD_High[15,14,13,12,11,10,9,8] (at 0x0100): The bits in the AD_AD registers indicate which addresses on the ADB contain currently ac-
158 tivedevices. System software must set these bits on if an active device exists a this position. The ADB controller must use this information dur-
ing the SRQ autopolling sequence.

10.4 CDRF Arbitration

The CDRF is used to queue data between the ADB and the System. Because only one register fileis used, it is nec-
essary to ensure that data collisions cannot occur. This section describes the algorithm used to preserve the data integ-
rity of the CDRF.

Requirements:

10-8. When system software wants to transfer data to the ADB, the following process must be used:

a.

b.

System software must set the Transfer Access Request (TAR) bit to 1.

If TAG_IS_EN isset to 1 pollsthe ADB controller Interrupt Status register, system software must wait
for an interrupt from the ADB controller. Otherwise system software must poll the the Interrupt Status
register to determine when the TAG bit is set.

When the system software is granted access to the CDRF, the ADB controller must not write to the
CDRF.

When the TAG bit is set, system software must first write the command byte and then from O to 8
bytes of datato the CDRF.

Once the command and data bytes are written, system software must set the How Many Bytes
(HMB)field of the the Data Type Count register, with the number of bytes written to the command
plus data byte registers in the CDRF.
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If system software expects a response to the command, it must set the Command Response Expected
(CRE) hit in the Control register.

System software must set the DTB (Data To Bus) bit in the Control register.

System software must first clear the TAR bit in the Control register and then clear the TAG bit in the
the I nterrupt Status register in that order.

When the TAG bit is cleared, the ADB controller must sample the DTB bit
If the DTB is set, the ADB controller must send the data to the ADB and then clear the DTB.

The ADB controller must read any response data and post it to the CDRF.

10-9. When the ADB controller acquires data the following process must be used:

a.

The ADB shall fill the 9-byte CDRF with either the command that was sent from the System or the
Tak command that caused a response to an autopoll and 0 to 8 data bytes.

The ADB controller must set the How Many Bytes, HMB][3:0], bitsin the status register to the number
of data bytes plus one for the command byte.

The ADB controller must set any error status bits (see Section 10.5, “Error Handling,” on page 136) in
the Error Status register.

The ADB controller must set the DFB interrupt source bit in the I nterrupt Status Register.

If the data was from an autopoll or SRQ autopoll action, the ADB controller must set the Autopoll
Data (APD) bit.

System software must clear APD and DFB.

The ADB controller must wait until the system software clears the DFB bit before resuming autopoll-
ing.

10-10. After processing the commands and data in the CDRF, the ADB controller must resume autopolling, if
autopolling is enabled.

Hardware | mplementation Note: The Macintosh Technology in the Common Hardware Reference Platform
[16] describes an implementation of autopolling and SRQ autopolling.

10.5 Error Handling

Requirements:

10-11. The ADB controller must recognize the error conditions listed in Table 269 on page 136.

Table 269. ADB error conditions

Type of error Description
Data Lost Additional datawas expected but no data was received
No Response A device was issued a Talk command but no datawas received

SRQ Autopollin An SRQ was detected during autopolling but no device was found to be requesting the bus
polling g poliing
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Table269. ADB error conditions (Continued)

Type of error Description

Inactive Device Response An SRQ was asserted from adevice not currently reflected in the Active Device Register

10.5.1 Data Lost Error

A Data L ost error occurs when the ADB controller was in process of reading data from the bus, at least 1 bit but less
than 8 bits had been received, and no additional edges were detected within time teyc may (Period time of a bit cell,
worst case).

Requirements:

10-12.The ADB controller must terminate the read from the bus, append zeros to any undetected bits of an
unfinished byte ,post the data that was received and set the DLE error bit in the status register, along with
the DFB hit.

10-13.If the interrupt is enabled (DFB_I'S_EN), the controller must generate an | RQ to the System.

Software Implementation Note: System software may choose to resend the previous command but should
account for the possibility that the error may be repeated.

10.5.2 No Response Error

A No Response error occurs in response to a command from the System when the ADB controller has issued a Talk
command to a device that is known to be on the bus and there is no response from the device. No start bit is detected
within the T max time (Stop to Start timing, worst case).

Requirements:

10-14.The ADB controller shall load the command that was sent into the CDRF, shall set the NRE error in the sta-
tus register, and shall set the DFB bit in the interrupt source register.

Software Implementation Note: The System may choose to resend the previ ous command, but should account

for the posd bility that the error may be repeated.

10.5.3 SRQ Autopolling Error

An SRQ autopolling error occurs if an SRQ was detected during autopolling but no device was found to be request-
ing the bus.

Requirements:

10-15.The ADB controller performing the SRQ autopolling sequence must attempt to resolve SRQ autopolling
error.

10-16.If the ADB master cannot resolve the error it must return to the main idle loop and resume autopolling, if
autopolling is enabled.



138 Chapter 10 Apple Desktop Bus Controller

10.5.4 Inactive Device Response Error

AnlInactive Device Response Error occurs if an SRQ was detected during autopolling and the SRQ Autopolling and
Error Recovery Sequence determined that the SRQ was asserted from a device not currently reflected in the Active De-
vice Register.

Requirements:

10-17.The ADB controller must set the DFB bit to inform the system software that there is data in the CDRF.

10-18.The address of the device must be reflected in the command byte that is stored in the CDRF.

Softwar e Implementation Note: It is up to the system software to decide what to do with thisinformation.

10.6 ADB Controller Special Functions

The ADB controller recognizes some special key combinations and provides a software initiated ADB reset.

10.6.1 Keyboard-Invoked Reset or Interrupt

ADB attached keyboard devices may request asystem reset or NMI interrupt. The default operation of the ADB con-
troller is for one of the keyboards to be assigned as logical device two and one of the keyboards to be assigned to that
device. Therefore these signals may only be invoked from the keyboard attached as logical device two.

Requirements:
10-19.The ADB controller must present these resets to the platform in manners compliant with the other CHRP
requirements.

10-20.The ADB controller must scan incoming commands and data (CDRF) from the keyboard at the default
logical device two.

* When the Control (0x0036), Command (0x0037), and the Power (Ox7F7F) keys are detected together
(with or without other keys) by the ADB controller, the ADB controller must initiate a power-on system
reset (called “hard reset” in the PowerPC processor user manuals).

» When the Command (0x0037) and the Power (Ox7F7F) keys are detected together (with or without other
keys) by the ADB controller, the ADB controller must assert the nonmaskable interrupt (NMI).

« After the NMI is asserted when either the Command (0x0037) or the Power (OX7F7F) key are detected
together by the ADB controller as released, the ADB controller must deassert the nonmaskable interrupt
(NMI).

Software | mplementation Note: The NMI interrupt is used by Mac OS to enter the system debugger. Use of this
interrupt by other operating systems is optional .

The NMI interrupt is one of two interrupts generated by the ADB controller.
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10.6.2 ADB Bus Reset
System software can instruct the ADB controller to issue an ADB Hard Reset at any time, by setting the ADB_RST
bit.
Requirements:

10-21.When the ADB controller finds the ADB_RST bit set, it must perform a bus reset asfollows:
a. Itmust drivethe ADB Data Out line low for aminimum of 3 ms, then release the line.

b. It must pull up the open collector output to the deassertion state.

c. It must wait the progranmed holdoff time, then clear the ADB_RST bit in the Control register, signal-
ling that the ADB bus reset sequence is complete.

10-22. System software must not attempt to use the ADB controller while the ADB_RST bit in the Control
register is set to 1 other than to poll the Control register for achangein the ADB_RST bittoa0.

Har dware I mplementation Note: The ADB controller cell does not interpret the ADB SENDRESET command
(Obxxxx0000) to indi cate that it should perform an ADB bus reset sequence as descri bed above. The
controller sends the SENDRESET command as it does any other ADB command to the system software. If
the system software wants abus reset to be sent to the ADB asaresult of the SENDRESET command, it will

interpret this command and assert the ADB_RST hit.

Softwar e Implementation Note: System software may set the APE (A utopall Enable) bit or the TAR (Transfer
Access Request) bit after it setsthe ADB_RST bit. The ADB controller shall respond as soon as the reset
sequence is completed. Thereis no need for the ADB controller to notify the System that the reset cycle has
completed, since either the TAG hit will be set (in response to TAR) or the DFB bit will be set upon
completion of an autopoll sequence, resulting in data received or an error. If the System needs to know when
areset sequence has been concluded it may pdl| the state of the ADB_RST bit, which the ADB control ler
shd | dear upon compl etion of the reset sequence.

10.7 Timing Value

This section gives minimum and maximum timing values and recommended default timing values.

Requirements:

10-23.The ADB controller must implement timing values for the ADB as specified in Table 270 on page 139.

Table270. Timing Vaues

Register Maximum time, ps Minimum time, ps Default time, ps
Zero low time 67.32 63.24 65.28

Onelow time 36.72 34.68 34.68

Reset pulse width 8353.8 3000.8 3000.8

Synch pulse width 65.28 63.24 65.28

Attention pulse width 822.12 777.24 801.72

Stop pulse width 71.4 69.36 71.4
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Table270. Timing Values (Continued)

Register Maximum time, ps Minimum time, ps Default time, ps
Bit cell period tg 128.52 714 130.56
Stop-to-start pulse width 259.08 140.76 255.31
Autopoll time period 15378 244.1 11288

10.8 References

1. Macl/O [14] Open Firmware binding
Refer to the Inside Macintosh: Devices [15] for a description of the command and data formats contained in

CDRF.
Refer to Macintosh Technology in the Common Hardware Reference Platform [16] for physical, electrical,

and timing information.
Refer to ADB-The Untold Story [17] for a description of ADB protocols including a mouse.
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11.1 General Requirements

Table 271 on page 141 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-
tem Architecture, showing that the | DE Controller on CHRP platforms is optional.

Table271.  Minimum Patform Requirements for Hard Disk

_ - R
Subsystem Specification i 2 Description
5B

Hard Disk Sized as needed R R R “Medialess” systems are not covered by this architecture.

SCsI o o o

IDE o o o

PC Card o o o
Infrared I'DA o o o

Requirements:

11-1. AnIDE Drive Controller that is compliant with the interfaces as defined in this section must be represented
in the Open Firmware device tree with anode that has a name property of name=ide, a device_type
property of device _type=ide, and a compatible property of compatible=chrp,ide.

11-2. ThelDE Bus Master Controller defined herein must supply “Native-PCl” capabilities and PCI bus
mastering capabilities concurrently.

11-3. All IDE devices connected to the | DE Bus master Controller defined herein must have DMA capability.

11-4. When control of the | DE Bus master Controller defined herein is passed from Open Firmware to the
Operating System, it must be configured as a PCl device as described herein.

11-5. This device must be addressed only with PCI 1/O addresses.

Softwar e Implementation Note: In the Native-PCl mode, the registers of the | DE channels are completely
relocatablein 1/0 space.

Softwar el mplementation Note: Bus mastering with Pl O IDE devi ceswill not be supported by the devi ce drivers
for this device.
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11.2 IDE Bus master Controller Open Firmware Properties

Requirements:

11-6. Theregisters shown in Table 272 must all be present in the device defined in this chapter. The Open
Firmware “reg” property information given in Table 272 must be provided in the Open Firmware device
treefor this device.

11-7.

11-8.

This device must be represented as an PCI device and a child of a PCI bridge node in the Open Firmware
device tree.

All the reg property fields specified in Table 272 on page 142 must comply with the format given in the
ISA (or PCI) bus binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std 1275-

1994.

The IDE Bus master Controller reg properties are listed below in Table 272 on page 142. The positions in the reg
property (denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in Table 272 on page 142. The for-
mat is described in the referenced Open Firmware bindings.

Table272. Register Map for PCl Bus master | DE Drive Controller

Offset g:dllltclJo,:ZI Register Re_servedby Open Firmware Reg
Firmware Property
dress Read Write
0x00-0x07 PCl-N/A  Primary | DE Registers (Legacy | SA remapped to PCI) NO reg(4];

Size=8 bytes
0x00-0x07 PCI-N/A  Secondary | DE Registers (Legacy | SA remapped to PCI) NO rseg‘[;]g bytes
Ox00 PCI - N/A g;e;st;&tloamsgl))wice Control for Secondary | DE (Legacy | SA NO rS?gEE?;]l byte
0x00 PCI - N/A f;;e;st;iat;;l))wice Control for Primary IDE (Legacy | SA NO rseggi]l byte
0x00 PCl - N/A  Primary Command Register
0x01 PCI - N/A  Reserved
0x02 PCl - N/A  Primary Status Register
0x03 PCl - N/A  Reserved
0x04-0x07 PCI - N/A  Primary PRD Table Address Register NO "99[ 5);
0x08 PCl -N/A  Secondary Command Register Size=16 bytes
0x09 PCl - N/A  Reserved
O0x0A PCI -N/A  Secondary Status Register
0x0B PCl - N/A  Reserved
O0x0C-0xOF PCI - N/A  Secondary PRD Table Address Register

11.3 “Native-PCI” IDE Register Definition

For information on these registers, | DE modes, etc. see the ANS ATA Specification Revision 3.2 [29].
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11.4 Physical Region Descriptors for Bus master IDE

Requirements:

11-9. For the device described herein, the Physical Region Descriptor, PRD, must be implemented as defined in
this section.

11-10. PRD format in memory must be Little-Endian.

The Physical Region Descriptor, gives apointer to a single buffer, a byte count for the number of bytes to be trans-
ferred into or out of that buffer, and an end of table flag, EOT. The data transfer will proceed until all regions described
by the PRD’s in the table have been transferred. A PRD entry is shown in Figure 5. Lists of PRD are placed contigu-
oudly in memory to create a program for the bus master IDE controller to execute. The last entry in the list of PRD’s
must have the EOT flag set. The descriptor table must begin on afour byte boundary, and cannot cross a 64 KB bound-
ary in memory.

31 1 0
DWORD 0 Memorv Reaion Phvsical Base Address 0
DWORD 1 |EOT Reserved ' Bvte Count 0
31 30 16 15 1 0

Figure5. Physical Region Descriptors for Bus master IDE

11.5 Bus Master IDE I/O Registers

Requirements:

11-11. For the device described herein, all the registers defined in sections Table 11.5.1 through Table 11.5.6 must
be implemented as described herein.

These registers are designed for use with multi-word DMA devices (devices which are DMA capable).

11.5.1 Primary Command Register (PCR)

Table 273.  Primary Command Register (PCR) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value

1byte Direct reg[5] 0x00 Read/Write 0x00 0x00
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This 8-hit, read/write register is used to control DMA data transfers to and from the two | DE devices on the primary
IDE when multi-word DMA disk drives are used.

Table274. Primary Command Register (PCR)

Bit Description

7-4 Reserved =0
3 W/R#: This bit sets the direction of datatransfer for abus master DMA operation. When 0, datais transferred from the PCI bus to the IDE de-
vice. When 1, datais transferred from the | DE device to the PCI bus. This bit must not be changed when the bus master function is active.

2-1 Reserved=0
BMEN: When this bitis a1, the IDE bus master controller is set for bus master operation. A bus master operation can be terminated by setting
this bit to 0. Thisis considered to be an abort and any operation that was in progress cannot be resumed. Writing a 1 to this bit will also set the

BMEN bit in the Device Control Register.

11.5.2 Secondary Command Register (SCR)

Table275. Secondary Command Register (SCR) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1byte Direct reg[45 0x08 ReadWrite 0x00 0x00

The bit assignments and definitions for the Secondary Command Register isidentical to the Primary Command Reg-
ister with the difference that this register controls DMA data transfers to/from two multi-word DMA IDE devices on

the secondary | DE interface, and it has a different off set address.

11.5.3 Primary Status Register (PSR)

Table276. Primary Status Register (PSR) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1byte Direct reg[5] 0x02 Read/Write 0x00 0x00

This 8-hit, read/write register is used to control DMA data transfers to and from the two | DE devices on the primary
IDE when multi-word DMA disk drives are used.

Table277. Primary Status Register (PCR)

Description

,  Multithread Bit (MT): The multithread bit is hardwired to a 0b to indicate that both channels operate independently
and can be used at the sametime.

Bit
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Table277. Primary Status Register (PCR)

Bit Description

Slave Drive DMA Capable (SDC): The Slave Drive DMA Capable bit is a status bit that is set by system software to in-
6 dicate that the slave drive on the indicated port is DMA capable and that the | DE bus master controller isinitial-
ized for optimum performance.

Master Drive DMA Capable (MDC): The Master Drive DMA Capable bit is astatus bit that is set by system software to
5 indicate that the master drive on the indicated port is DMA capable and that the I DE bus master controller isini-
tialized for optimum performance.

4-3 Reserved

Interrupt Request (IRQ): This bit is set by the rising edge of the associated I DE port’'sIDE_|RQ signal. Thisbit is
cleared by writing aoneto it. On datatransfers from an IDE device to system memory, this bit will be delayed un-
til all data has been transferred to memory. Before attempting to utilize the DMA data written to system memory,

2 software must assure that all of the DMA data hasfirst arrived. Software can do this by satisfying Requirement 5—
11 in the PowerPC Microprocessor Common Hardware Reference Platform: A System Architecture. Alterna
tively, the device itself can assure this by satisfying Requirement 11-8 (also described in the same document).
Thisbit is O after areset.

Error (ERR): Thishit is set when the controller encounters an error when transferring data to/from system memory.
1 The specific error conditions are errors that would cause bit 8, 12 or 13 of the Device Status register to become
set. Thisbitis reset by writing a1 to it.

Active (ACT): This bit is set when the start bit of the command register is set to a 1. It is cleared when the start bit is
0 settoO (abort condition) or when the last transfer for aregion is performed where EOT is set in that region de-
scriptor (normal termination).

11.5.4 Secondary Status Register (SSR)

Table 278. Secondary Status Register (SSR) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
1 byte Direct reg[5] Ox0A Read/Write 0x00 0x00

The bit assignments and definitions of the Secondary Status Register are identical to the Primary Status Register
with the difference that this register is associated with DMA data transfers to/from two multi-word DMA IDE devices
on the secondary IDE interface, and it has a different offset address.

11.5.5 Primary PRD Table Address Register (PPRD)

Table279. Primary PRD Table Address Register (PPRD) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value

Zbytes  Direct reg[o] O0x04-0x07 Read/Write 000000000 0x00000000
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This 32-bit, read/write register contains the starting address of the first Physical Region Descriptor Table in memory
which applies to cases where the I DE controller is functioning as a PCl bus master with one or more multi-word DMA
mode disk drives. This register is used to control the Primary IDE channel. The addressis in Little-Endian format.

Table280. Primary Command Register (PCR)

Bit Description
PRD Table Address: Thisis the starting address of the
3.2 first Physical Region Descriptor Table in memory.
) The 30 bit value is a double word aligned address
in memory.

1-0 These bits must be set to 0b00

Bit 31-2 (PRD Table Address):
Bit 1-0: O.

11.5.6 Secondary PRD Table Address Register (SPRD)

Table 281. Secondary PRD Table Address Register (SPRD) Characteristics

Register Register Associated Offset Read/Write Vauewhen OF Software
Size Addressing Reg Property Address Characteristics passes to SW Reset Value
4bytes  Direct reg[5] OxOC-OxOF Read/Write 0x00000000  0x00000000

The Secondary PRD Table Address Register isidentical to the Primary PRD Table Address Register with the excep-
tionsthat it is used to control the Secondary | DE channel and it has a diff erent offset address.

11.6 References

ANS ATA Specification Revision 3.2 [29]
ANS ATAPI Specification (Current Revision?) [30]

1
2.
3.  Symphony SL82C565 System I/O Controller With PCI Arbiter [21]
4. SFF IDE PCI Bus Master Specification?? [31]

5.

PCI Sgn IDE PCI Bus Master Specification?? [32]
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12.1 CHRP Requirements

Table 282 on page 147 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-
tem Architecture, showing the minimum requirementsfor VIA on CHRP platforms.

Table282.  Summary of Minimum P atform Requirements (excerpt)

_ - T
Subsystem Specification g 2 Description
5 8 3
Hard Disk Sized as needed R R R “Medialess” systems are not covered by this architecture.
SCsI o o o
IDE o o o
PC Card o o o

12.2 Overview and General Requirements

While the SCSl bus and command set presents a relatively stable hardware interface and conceptual programming
model, the programming model presented by various implementations is anything but uniform. This is largely the
result of a slight deepening of the device function to include capabilities such as control block queuing and smple
command processing which improve performance and off-load the host processor complex. There has been no (suc-
cessful) attempt by the developers of the SCS implementations to standardize on a consistent programming model for
these capabilities. As aresult, it is inappropriate to attempt to choose a programming model for SCSI. Operating sys-
temsinclude drivers for different combinations of implementations, each based on itslegacy of supported platforms. In
general, the system designer must negotiate device driver support for his choice of interface from the operating systems
that will be part of his system offering. The detailed information given in this chapter is focused solely upon MESH
(Macintosh Enhanced SCSI Hardware), the Macintosh implementation of the SCSI bus controller. MESH is not aman-
dated SCS interface.

MESH SCS basic architecture is intended to be relatively simple, allowing the maximum latitude in cost, perfor-
mance, scalability, and flexibility. The Mesh SCSI controller consists of asingle DBDMA channel and a set of regis-
ters specific to the MESH SCSI controller. The DBDMA function is explained extensively in Chapter 15, “Descriptor-
Based DMA,” on page 171. DBDMA is a programming model used for MESH SCS and ESCC today and potentially
other devices in the future. Because of the use of the DBDMA function in more than one device, it is documented in a
single chapter and mentioned briefly here.
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Requirements:

12-1. All requirements given in this chapter are specifically for the device represented by the Open Firmware
properties “name=scsi, device_type=scsi, compatible = chrp,mesh0” unless otherwise noted.

12.3 Mesh SCSI Open Firmware Properties

Requirements:

12-2. Theregisters shown in Table 283 on page 148 must all be present in the device defined in this chapter.

12-3. A MESH SCS| device must make use of properties defined in the MAC-10 [14] Open Firmware bindings

document.

The Mesh SCSI controller’s properties are listed below in Table 283 on page 148. The Open Firmware “reg”
property information given in Table 283 on page 148 must be represented in the Open Firmware devicetree for this

device.

Table 283. SCSI controller registers

Offset Name Reg Properties for Open Firm-
ware

0x00 XferCountO

0x10 XferCountl

0x20 FIFO

0x30 Sequence

0x40 BusStatusO

0x50 BusStatusl

0x60 FI FOCount

0x70 Exception

0x80 Error reg(1]

0x90 InterruptM ask

OxAO Interrupt

0xBO SourcelD

0xCO0 Destl D

0xDO SyncParms

OxEOQ MESHId

OxFO SelTO

0x0 Reserved reserved

0x4 DBDMA Transmit Channel Control

oxC DBDMA Transmit Channel Status

0x10 DBDMA Transmit Interrupt Select reg[2]

0x14 DBDMA Transmit Branch Select

0x18

DBDMA Transmit Wait Select
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12.4 Interrupt Assignment

Requirements:
12-4. Theinterrupt from the MESH SCSI section of the controller and the DBDMA section of the controller

must be wire-OR'’ ed together so that one interrupt is presented to the system for the complete MESH SCS
controller defined herein.

12.5 MESH SCSI Register Definitions

This section defines the non-DBDMA registersfor the MESH SCSI controller.

Requirements:

12-5. For the device described herein, all the registers defined in Section 12.5.1, “Transfer Count O Register O
(XferCount0),” on page 149 through Section 12.5.16, “Selection TimeOut Register (SelTO),” on page 158
must be implemented precisely as described.

12.5.1 Transfer Count 0 Register 0 (XferCountO)

Table 284. Transfer Count Register OHigh (XferCountO) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x00 R/W 0x00 0x00

The Transfer Count registers, XferCount0 and XferCount1, are used to indicate the number of bytes to be transferred
in the subsequent information transfer phase. XferCountO contains the least significant byte of the count; XferCount1
contains the most significant byte. See Section 12.5.4, “Sequence Register (Sequence),” on page 150 for more details
on the use of the Transfer Count registers.

If a phase’s Sequence command exhausts the count before a phase change or error occurs, then the CmdDone signal
must go active without an Exception interrupt. This allows for simple sequencing of phases as long as the interrupt sig-
nal isinactive.

The transfer counter (TC) must be decremented whenever a byte is written into the FIFO. For data transfers to the
SCS bus, the TC is decremented every time the processor writes to the FIFO or a DMA word is transferred. This
behavior must be independent of whether or not acommand is pending. When the TC reaches 0 and the FI FO becomes
empty, the CmdDone bit must be set, indicating the completion of the command. This is true except for synchronous
datain, where CD is set when TC reaches 0. On transfers into the MESH controller, the TC must be decremented every
time abyte is brought into MESH from the SCS bus (under hardware control only).

The order of any data transfer should start with setting up the TC, issuing the command, then transferring the data.
Technically, the data could be put in the FI FO before the command is issued, but this limits the general model to trans-
ferring no more than 16 bytes before issuing the command.

Transfer counter behavior is subject to these special cases:

e In Synchronous Dataln, the TC decrements on the DMA transfer, not on the SCSI bus write action into the
FIFO.
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e HFO must not be preloaded before TC.

If all 16 bits of the TC are zeros at the beginning of acommand, 64 KB must be transferred.

There can been a problem in some programming cases where, for i nstance, the programmer |oads the FIFO with
the Command Descri ptor Block (CDB), loads the TC with the CDB size (say 6), and then sends the
CommandPhase command to the MESH controller. The CmdDone bit will never be set because the TC never

goesdown to zero because no bytes are loaded into the FIFO after setting the TC.

12.5.2 Transfer Count 1 Register (XferCountl)

Table 285. Transfer Count Register OHigh (XferCountO) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x01 R/W 0x00 0x00

XferCountO contains the least significant byte of the transfer count; XferCount1 contains the most significant byte.
See Section 12.5.4, “Sequence Register (Sequence),” on page 150 for more details on the use of the Transfer Count

registers.

12.5.3 Bus FIFO Register (FIFO)

Table286. Bus FIFO Register (FI FO) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x02 RIW 0x00 0x00

The FI FO register accesses the SCS bus using programmed |/O, or as the buffer in DMA mode. The current number

of bytesinthe FIFO isindicated in the FIFO Count register. The FIFO depthis 16 bytes.

If the MESH controller is reselected as a host (or selected as a target), the FIFO register must contain the image of
the selection phase data. This means that after the reselection, both the ithe SourcelD and the Destination ID will be

present in the FIFO (seeref [1]).

12.5.4 Sequence Register (Sequence)

Table287. Sequence Register (Sequence) Characteristics

Register

Register

Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x03 R/W 0x00 0x00

The Sequence register is used to direct the controller into a SCS bus phase. In the Initiator mode, the requested se-
quence is the one that the controller expects the Target will enter into. In the Target mode, the phase is the one which
the controller will enter into next. The bitsin the Sequence register have the functions shown in Table 288 on page 151.

The waysin which these bits are used are described in the next sections.
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Table288. Sequence Register

Bit Function

. DMA: The DMA bit indicates that the transfer isto be done using DMA. If thisbit is enabled, FI FO accesses
are disabled.

6 TMode: When set, the TMode bit puts the controller into Target mode for executing the command. The
TMode bit is cleared for I nitiator mode.

5 Atn Bit: For the Selection and I nformation Transfer phases, the Atn bit indicates that the Atn signal shall also
be asserted.
ActNeg: If the ActNeg bit is set, the SCS controller adopts Active Negation mode. I n thismode it actively

4 negates the Req and Ack signals by pulling them high instead of relying on line terminators. Only the Req
and Ack signals are affected. If both ActNeg and TMode are set, the controller pulls Req actively both low
and high; if TMode isclear, then Ack is actively negated.

30 Seq: The four Seq bits, seq3..seq0, contain the encoded value of the commands defined in Table 289 on page

- 151.

Table 289.  Seq bit encoding

Command Value Norma completion Exception Error
Arb Ox1 Arbitrationwon (2.4ps) ArbL ost, SCS| Reset, Reselect

Sd 0x2 Destination selected Sel TO, SCSIReset, UnExpDisc

Cmd 0x3 Transfer count exhausted ET:EM M, SCSIReset, UnBxp-

Status Ox4 Transfer count exhausted ET:EM M, SCSIReset, UnBxp- ParErr

DataOut 0x5 Transfer count exhausted PhaseMM, SCSI Reset, UnExp-

Disc

Dataln 0x6 Transfer count exhausted ET:EM M, SCSi Reset, Unixp- ParErr
MsgOut ox7 Transfer count exhausted PhaseM M, SCS| Reset

Msgin 0x8 Transfer count exhausted PhaseM M, SCSI Reset ParErr
BusFree 0x9 Bsy signal cleared PhaseM M, SCS| Reset

EnParChk OxA 3 clock cycles after write No interrupts

DisParChk 0xB 3 clock cycles after write No interrupts

EnReSel oxC 3 clock cycles after write No interrupts

DisReSel 0xD 3 clock cycles after write No interrupts

RstMESH OxE 3 clock cycles after write No interrupts

FlushFIFO OxF 3 clock cycles after write No interrupts

These commands are described in Table 290 on page 151. SCSI output signals are desrcibed in ANSI X3.131-199x
Rev.10L,1992 (SCS-2): Information Technology - Small Computer System Interface [13].

Table 290. MESH SCSI Commands

[Arbitrate Command (‘1'X)
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Table290. MESH SCSI Commands (Continued)

Software can use the value in the Sourceld register to perform SCSI bus arbitration. The Arbitrate command makes sure
that the Bsy and Sel s gnals have been false for 1200 ns before asserting its encoded SCSI ID dong with the Bsy signal .
After asserting the Bsy signal, the controller shal| wait for 2400 ns and then compare the | Ds on the bus. If SourcelD isthe
highest, the controller asserts the Sd signal and wins arbitration. If some other device has ahigher ID or has asserted the
Sel signal, then the controller haslost arbitration and shall rd easeits Bsy signad and arbitration ID. At thispoint the ArbLost
bit shall be set in the Exception register and an interrupt shall be generated. It is recommended that softwareload the Des-
tinationl D register with theinitiator I D before commencing arbitrati on.

Selection Command

In response to the Selection command, the controller shall assert the I D indicated in the DestID regi ster (d ong with Sour-
celD) and then deassert the Bsy signal. The controller shall wait up to the timeindicated in the Sel TimeOut regi ster (nom-
inally 250 ms) for the Bsy signa to be asserted by the destination device. The Selection command assumes that the
immedi ately prior command was the Arbitrate command and that the arbitrati on waswon. If the Atn bit is set the Atn s gnal
shall be asserted prior to releas ng the Bsy signal indicating Selection phase. If the TMode bit is set, the 10 bit shall be set
and the resd ecti on phase shall be entered

Information Transfer Commands

The Cmd, Status, Datal n, DataOut, Msgln, and MsgOut commands execute until either the Transfer Count is exhausted, a
phase mismatch occurs, or an error occurs. In the Initiator mode of any information transfer command, the Ack signal is
|eft asserted until a subsequent command implies that it must be negated. This behavior is helpful in transitioning to the
MessageOut phase or generally responding to messaging or data parity errors. An Information Transfer command can be
overwritten at any time. If the TMode bit is set, the MESH controller shall set the Msg, CD, and 10 sgnalsto gppropriate
states and begin the Reg/A ck action. In target mode, the Atn bitin the Sequence register is used as a phase compari son bit
At the end of any Async datatranfer, when the transfer counter counts down to zero, the Ack signal shall remain low. This
isfor avariety of reasons—the host may choose to force adi sconnect or there may have been aparity error. The Atn s gnal
may need to be asserted prior to the trailing edge of Ack to go into MessageOut phase and to keep the Target from going
into Synchronous data transfer before the Sync parameters are set up in the MESH controller. In general, Ack is asserted
after the command completes. The Ack signal shall be negated upon issuance of the next command. Synchronous data
transfer modeis enabled only during Dataln or DataOut phases. The MESH contraller shall stay in synchronous mode be-
tween synchronous Datal n or DataOut commands. The Ack signal shall not hang in synchronous mode. For further infor-
mati on about synchronous data transfers, see Section 12.5.14.1, “ Synchronous Data Transfers,” on page 157.

BusFree Command

The pseudo-phase BusFree command i s used to indi cate that the busi s expected to transition to the Bus Free phase, which
isdefined asthe Bsy and Sel signal sboth fd se. In Initiator mode this implies that the Ack signal be negated first and then
Bsy inspected to detect when it goes false. If the MESH contral ler detects Req asserted before Bsy goes false, then the
PhaseMM hit shall be set. If the TMode hit is set, the MESH contradl ler shall release the Bsy signal from the bus.
RstMESH Command

The RstMESH command is used to reset the MESH chip through software. | nterrupts are masked by this command, so no
interrupts are generated. The CmdDone signal shall be active until cleared through the Interrupt register. Note: This com-
mand does not cause a SCSI bus reset; this can be done only by direct manipulation of the Statusl register.

EnPar Chk Command

The EnParChk command enabl es parity checking on data transfers. Parity isdways checked on resd ection phases and gen-
erated on data transfer phases. No i nterrupts are generated by this command.

DisPar Chk Command

The DisParChk command disabl es parity checking on data transfers. Parity is always checked on reselection phases and
generated on data transfer phases. No i nterrupts are generated by this command.

EnReSel Command

If the TMode bit isfd se, the EnReSel command enabl es reselection asa host. It isactive until a SCS| bus reset occurs, the
DisResel command is issued, or the controller is reselected as a Host. No interrupts are generated from issuing this com-
mand, but the Reselected Exception bit is set if the MESH controller is resd ected as a host. If the TMode bit is set when
this command isissued, it enabl es the MESH controller to be sd ected as a Target.

DisReSel Command
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Table290. MESH SCSI Commands (Continued)

The DisReSel command disables selection or resd ection as ahost or target. Like the EnReSel command, depending on the
state of TMode, it disables ether resd ection asa Host or sd ection as a Target. No i nterrupts are generated from thiscom-
mand.

12.5.5 Bus Status Register 0 (StatusO)

Table 291. Bus Status Register 0 (Status0) Characteristics

Register  |Register Assodi ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x04 RW* 0x00 0x00

* During “read”, the resulting data state corresponds to an OR of the register bit with the SCS signal state.

The Bus Status registers represent the state of the SCSI bus when read, and can be used to assert signals when writ-
ten. Normally, these registers are only read to obtain the state of the bus. These registers can be written only when the
Exception register isclear. In order to clear aregister bit and its corresponding signal, a zero must be written to the sta-
tus register. The meanings of the bits in Bus StatusO and Bus Statusl are given in Table 292 on page 153.

Table292. Bus Status Register

StatusO Function:
Req32

Ack32

Req

Ack

Atn

Msg

CD

10

Statusl Function:
Rst

Bsy

Sel

-0 reserved

@
=

O R, NWbMMOIO N

A OO N

The Req32 and Ack32 signals are reserved for potential use in systems that support 32-bit-wide SCSl.

Writing these registers directly may causeillegal bus phases and lost or corrupted data.
12.5.6 Bus Status Register 1 (Statusl)

Table 293. Bus Status Register 1(Status1) Characteristics

Register  |Register Assodi ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x05 R/W 0x00 0x00

See “Bus Status Register 0 (Status0)” on page 153.
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12.5.7 Bus FIFO Count Register (FifoCount)

Table 294. BusFIFO Count Register (FifoCount) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x06 R/W 0x00 0x00

The lower 5 bits of the FIFO Count register (4:0) are continually updated to represent the number of bytes in the
FIFO. Thisregister is synchronized with the processor interface so that it does not have to be protected from bounce.

Except for the case of synchronous data in (see section 11.4.1), for a data transfer command to be considered done,
both the XferCount register and the FIFOCount must be 0. For example, if 6 bytes of CDB (command description
block) are put into the Fl FO and the transfer count register is not 0, the MESH controller shall expect to get XferCount
more bytes before finishing. In this case, the XferCount register shall be set to zero before issuing the Cmd sequence

command.

12.5.8 Exception Register (Exception)

Table 295. Exception Register OHigh (Exception) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x07 R/W 0x00 0x00

The Exception register contains information about conditions which are not usualy errors, but can cause the se-
guence to stop for processor intervention. It is cleared by writing the register with onesin the bits to be cleared or by
writing a one to the exception bit in the Interrrupt register.. The meanings of the bits in the Exception register are given
in Table 296 on page 154.The bits in the Exception register are discussed in the next sections.

Table 296. Exception Register

Bit

Function

7-6

Reserved

SeWAtn: The SelWAtn bit is set if the MESH controller was selected as a Target and the Atn signal on the
SCS bus was asserted.

Selected: The Selected bit isset if the the controller is selected as a Target and the Atn signal was not asserted
at the time of the selection. When this bit becomestrue, the SCSI bus IDs of the target and host areinthe last
byte of the FIFO.

Reselected: The Reselected bit is set if the the controller is reselected as a Host. When this bit becomes true,
the SCSI bus | Ds of the target and host are in the last byte of the FIFO.

ArbLost: The ArbLost bit indicates that arbitration was lost when executing the Arb command. This excep-
tion may represent one or more lost arbitrations, depending on the hardware implementation.

PhaseMM: The Phase Mismatch (PhaseMM) bit shall be set when the pending phase command expects a cer-
tain phase but another phase is driven by the Target. When this bit is set, the software must interrogate the
bus Status0 register to determine the current phase of the bus and take action appropriately.

SelTO: The SelTO hit indicates that thetime indicated by the SelectionT O register was exhausted prior to the
Destination device being selected.
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12.5.9 Error Register (Error)

Table 297. Error Register (Error) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x08 R/W 0x00 0x00

The Error register contains bits that indicate true error conditions. This register is cleared by writing ones to the bits
to be cleared or by writing a one to the Error bit in the I nterrupt register. The meanings of the bits in the Exception reg-

ister are given in Table 298 on page 155.

Table298. Error Register

Bit Function

7 Reserved

6 UnExpDisc: The UnExpDisc bit indicates that the target released the Bsy signal during the time interval be-
tween successful selection and the issuing of the BusFree command.

5 scsiRs: The SCSIRst bit indicates that the Rst signal was (or is) asserted. After receiving thisinterrupt, the
SCS bus Rst signal (bit 7 of Bus Statusl) must be polled until the Rst signal is deasserted.

4 Seqerr: The Sequence Error bit indicates that a command was issued to the MESH controller while an Ex-
ception or error interrupt was pending.
ParityErr: The ParityErrorQ bit is set if the calculated parity of the incoming data does not match the

30 Parity0 bit on the SCS bus. The Parity Err3..Parity Error1 bits are reserved for future use with up to 32-bit
SCS implementations.

The bitsin the Error register are discussed in the next sections.

12.5.10 Interrupt Mask Register

Table299. Interrupt Mask Register (InterruptMask) Characteristics
Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x09 R/W 0x00 0x00

The Interrupt Mask register is used to mask out interrupts from any or all of the interrupt sources. The value of the
register isall zeros upon reset. A value of 0 in a particular location masks (disables) the corresponding interrupt source.
A value of 1 enables interruptsfrom the source. The meanings of the bitsin the Interrupt mask register aregivenin Ta
ble 300 on page 155. A set condition in the mask corresponds to “masking’ the interrupt.

Table 300. Interrupt Mask Register)
Bit Function
7-3 Reserved
2 ErrMask
1 ExcMask
0 CDoneMask
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12.5.11 Interrupt Register

Table 301. Interrupt Register (Interrupt) Characteristics
Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] O0xO0A R/W 0x00 0x00

The Interrupt register combines the Error, Exception, and CmdDone status bits into one interrupt source. The mean-
ings of the bitsin the I nterrupt register are given in Table 302 on page 156.

Table 302. Interrupt Register
Bit Function
7-3 Reserved
5 Error: The Error bit represents an OR-combination of all the bits in the Error register. It can be cleared by
writing ones to the appropriate bits in the Error register or by writing 1 to this bit in the I nterrupt register.
Exception: The Exception bit represents an OR-combination of all the bits in the Exception register. It can
1 be cleared by writing ones to the appropriate bits in the Exception register or by writing 1 to this bit in the

Interrupt register.

cmdDone: The CmdDone bit indicates that the last command issued is done. This bit is automatically

0 cleared by issuing another command to the Command register. It can also be cleared by writing 1 to this
bit in the I nterrupt register.After areset action, the CmdDone signal shall be asserted. Because the | nter-

rupt Mask register is cleared on reset, no interrupts shall be generated.

The bitsin the I nterrupt register are discussed in the next sections.

12.5.12 SourcelD Register

Table303. Sourcel D Register (Sourcel D) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x0B R/W 0x00 0x00

The Sourcel D register contains the SCSI bus ID that is used for arbitration. It is also the register that the MESH con-

troller shall respond to during selection phase (in Target mode) or reselection phase (in I nitiator mode).

12.5.13 DestinationID Register

Table 304. DestinationID Register (DestinationID) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x0C R/W 0x00 0x00

The Destinationl D register contains the SCSI bus 1D of the device to be selected or reselected.
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12.5.14 SyncParms Register (SyncParms)

Table 305. SyncParms Register (SyncParms) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] 0x0D R/W 0x00 0x00

The SyncParms register contains two fields, as shown in Table 306 on page 157.

Table 306. SyncParms

Bit

Function

7-4

3-0

Sync Offset: The SyncOffset field contains the depth to which the FIFO is capable of accepting synchronous
datawithout delay. I n the the case of MESH, this value may befrom 1 to 15. If it is zero (as upon reset)
then all tranfers shall be done asynchronously. Seethe ANSI X3T9.2 SCS-3 SCH Parallel Interface (SPI)
specification for the complete definition of Synchronous Data transfer mode and the corresponding Syn-
chronous Data Transfer Request (SDTR) and related negotiations that must be done before Synchronous
Datamode isenabled. When the Synchronous Off set value in the SyncParms register is nonzero, the value
in the SyncPeriod field is used to specify the period of the Ack signal output. When the Synchronous Off-
set value is 0, Asynchronous transter mode is specified. I n addition, the value in the SyncPeriod field
specifies the minimum number of clock cycles between the negation of Ack and the time when the Req
signal should be evaluated. Because of the dual-ranked synchronizers in hardware, the actual time may be
greater by as much as 1 clock cycle. For example, if the SCSI busis known to settlein 80 ns, avalue of 4
in the SyncPeriod field shall guarantee that Req or Ack is not evaluated in the state machine for at least
80 ns.

SyncPeriod: The SyncPeriod field contains the period of the Req or Ack pulse when the MESH controller is
in Synchronous Data transfer mode. The value must be adjusted to match the SyncPeriod time agreement
in the SDTR messages. Technically, the ANS SCSI specification allows resolution down to 4 ns, but the
driving software must negotiate a period that is acceptable to both the controller and the Target device. A
value of Oindicates 10 MB per second and 3 indicates 5 MB per second. The equation for determining the
period of the synchronous Ack signal is (4* clk + 2* clk* SyncPer) where clk represents one MESH Clk pe-
riod and SyncPer isthe value in the lower nybble of the SyncParms register. Fast synchronous operation is
aspecial case, where 0 means 100 ns. For Asynchronous transfer modes, the SyncPeriod field must be set
to avalue of 2 or greater. Thisfield is used to mask the trailing edge of the Req signal so that the internal
logic does not incorrectly respond to SCS| bus noise created by cable reflections and other impedance
mismatch side-effects. The SyncPeriod value represents the number of clocks delay after the trailing edge
of Reg before evaluating the Req signal again. The minimum value in the SyncPeriod field is 2 for asyn-
chronous transfers. Anything less results in shorter setup times for datarelative to Ack on writes. Achiev-
ing the fastest Asynchronous transfer rate with the MESH controller requires a SyncPeriod value of 2

12.5.14.1 Synchronous Data Transfers

Observe these cautions when performing synchronous data transfers:

«  The MESH controller is not able to handle unsolicited synchronous data. Before the issuance of a command,
the SyncParms register must be set to match the expected transfer mode.

e The count for the Command Descriptor Block may not be arbitrarily set to avalue higher than the number of
bytes sent. The CmdDone bit will get set with a corresponding Exception indicating a phase mismatch (the
Target went from CommandPhase to Data phase unexpectedly). If the Target then begins to transfer datain
synchronous mode, the MESH controller will not be able to handle the Req signals or any corresponding in-
coming data.

«  Target mode does not support synchronous data transfers, regardless of the SyncParmsvalue.
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12.5.15 MESH ID Register (MeshID)

Table 307. Mesh ID Register (Meshl D) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] OxOE R/W 0x00 0x00

The MESH D register is used to indicate the version of the MESH controller and also to differentiate MESH from
other controllers. This register is read-only and contains two sufields. Bits 7-5 are reserved for definition of vendor 1D
and should be ignored by software. Bits4-0 correspond to funtionality version ID and are used by software to determine

the features and bug-fix level.

12.5.16 Selection TimeOut Register (SelTO)

Table 308. Selection TimeOut Register (SelTO) Characteristics

Register  |Register Associ ated Offset Read/Wrt Hardware Software
Size Addressing |Reg Property |Address [Characteristics |Reset Value |Reset Value
1 byte Direct reg[1] OxOF R/W 0x00 0x00

The Selection TimeOut register is used for selection and reselection timeouts with its 8-bit value representing the
amount of time before the selection timeout is reached. Each count represents 10 ms when the controller is running at
50 MHz.

12.6 DBDMA Registers

This section briefly mentions the DBDMA registers for the MESH SCSI controller which are shown in Section 12.3,
“Mesh SCSI Open Firmware Properties,” on page 148 and documented in Chapter 15, “Descriptor-Based DMA,” on
page 171. The registers are the portion of the MESH SCSI Controller used for controlling bus master data transfers
to/from system memory and are named:

DBDMA Transmit Channel Control
DBDMA Transmit Channel Status

1
2
3. DBDMA Interrupt Select
4. DBDMA Branch Select
5

DBDMA Wait Select
Requirements:

12-6. For the device described herein, all the registers and their associated function defined in Appendix A must
be implemented precisely as described.

12.7 References

1. ANS X3.131-199x Rev.10L,1992 (SCS-2): Information Technology - Small Computer System Interface [13]
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2. Macintosh Technology in the Common Hardware Reference Platform [18] (Use this document for specific
physical, timing, and electrical requirements)

3. Mac |0 [14] CHRP Open Firmware Bindings






Graphics

13.1 CHRP Requirements

Table 309 on page 161 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-
tem Architecture, showing the minimum requirements of a graphics subsystem on CHRP platforms.

Table309. Summary of Minimum Patform Requirements (excerpt)

Q@ o
Subsystem Specification @ § T Descri ption
5B
Graphics R R (e] Servers do not require graphics during normal operation
and need not support a graphics subsystem.
1024x768 (e] R o Portables may provide screen resolution in accordance
Bi-Endian R R (e] with current state-of-the-art LCD technology.
640x480x8 LFB R R o
VGA (e] o o Some operating environments will prefer platforms that

provide hardware support of VGA for performance con-
siderations.

The CHRP Specification requires that graphics subsystems provide both Little Endian and Big Endian interfaces to
frame buffers. Portable and Personal CHRP platforms must minimally provide a 640x480x8bit linear frame buffer
(LFB) for use by the operating system (OS) until such time that the OS installs the drivers necessary to fully operate
the video subsystem. It is recommended that systems provide Video Graphics Array (VGA) cepability; certain emula-
tion and DOS environments require hardware VGA support for performance reasons.

13.2 Bi-Endian Interface

CHRP platforms support both Big Endian (BE) and Little Endian (LE) operating systems and gpplications. Requir-
ing software to meet a single interface regardless of its own endianess is impractical due to the pervasiveness of the
changes that would be required, not only to the OS, but perhaps even applications. There are also environments that
may require concurrent BE/LE access to the graphics controller and its frame buffer. An example of this might be a
system with a BE operating system with some LE frame grabber hardware on the bus. The graphics controller must re-
spond correctly to both of these interfaces in a performance sensitive manner.

Requirements:

13-1. Graphics controllers must provide both a Big Endian (BE) and a Little Endian (LE) interface to the frame
buffer.
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Hardware and Software | mplementation Note: An endian-neutra aperture may be provided for the control
interface, however, if there are control registers greater than asngle bytein size, separate BE and LE
interfaces are recommended. The capability to Smultaneoudy access the BE/L E apertures (dua apertures)
is recommended, dthough a single aperture under mode control is acceptable.

13.3 Linear Frame Buffer

A Linear Frame Buffer (L FB) isalinear range of System Memory or Peripheral Memory Space designated to corre-
spond to the two dimensional arrangement of pixels on the display device, where successve memory bytes are as-
sumed to correspond to successive pixels, possibly with undisplayed bytes at the end of each scan line.

Thef b8 generic frame buffer support package implements the display device low level interfacesfor frame buff-
ers with 8 bits per pixel. f b8 provides routines such as blink/erase/reset/invert screen, insert/delete characterg/lines,
toggle cursor, and draw-logo (see IEEE Std 1275-1994, |IEEE Standard for Boot (Initialization Configuration) Firm-
ware: Core Requirements and Practices[9]).

The 8-bit Graphics Extension adds simple graphics methods to the frame buffer’s drivers, including pixel address-
able reading and writing of rectangular sections of the frame buffer. Methods are aso provided for color-table pro-
gramming (see Open Firmware Recommended Practice: 8-bit Graphics Extension [34]).

The 16-color Text Extension adds new FCodes that can be used by the f b8 support package for displaying color
text. The display support package includes the property named “i s06429- 1983- col or s” to indicate the presence
of these extensions. The SO 6429-1983 standard forms the basis of the 16-color model used by this extension. See
Open Firmware Recommended Practice: 16-color Text Extension [35].

Requirements:

13-2. CHRP platforms must minimally support a 640x480 linear frame buffer with the Open Firmware
characteristics and interfaces described in the CHRP Linear Frame Buffer Device Binding.

13.4 Video Graphics Array (VGA)

Requirements:

13-3. VGA compatibility isoptional; if VGA compatibility is provided, it must adhere to the programming
model given in Appendix A, “VGA Programming Model,” on page 195.

13-4. If VGA compatibility is provided, it must conform with the characteristics and interfaces described in the
CHRP VGA Display Device Binding.

13-5. If VGA compatibility is provided, the display node of the Open Firmware device tree must indicate a
compatible property of “pnpPNP, 900”. Conversely, if the compatibility property of “pnpPNP, 900" is
indicated in the display node of the Open Firmware device tree, the programming model described in
Appendix A, “VGA Programming Model,” on page 195 must be present.

13.5 References

1. |EEE Sd 1275-1994, |IEEE Sandard for Boot (Initialization Configuration) Firmware: Core Requirements
and Practices[9]
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2. Open Firmware Recommended Practice: 8-bit Graphics Extension [34]
3. Open Firmware Recommended Practice: 16-color Text Extension [35]

4. CHRP Linear Frame Buffer Display Device Binding to: |EEE 1275-1994 Standard for Boot (Initialization,
Configuration) Firmware [36]

5. CHRP VGA Display Device Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration)
Firmware [37]






Versatile Interface Adapter (VIA)

14.1 CHRP Requirements

Table 310 on page 165 is an excerpt from PowerPC Microprocessor Common Hardware Reference Platform: A Sys-
tem Architecture, showing the minimum requirementsfor VIA on CHRP platforms.

Table310. Summary of Minimum Platform Requirements (excerpt)

R
I g s (3] -
Subsystem Specification i 2 Description
5B
VIA R R M

14.2 VIA Open Firmware Requirements
Requirements:

14-1. The Open Firmware device tree node for the device described in this chapter must follow the specifications
givenin the Mac 1/0 [14] Open Firmware device binding.

14-2. The Open Firmware “r eg” property information given in Table 311 on page 167 must be provided in the
Open Firmware device tree for the VIA device.

14.3 Introduction

14.3.1 Legacy Application

Macintosh computers have used Versatile Interface Adapter (VIA) integrated circuits to provide a variety of control
and interface functions. The VIA contains internal control and data registers that can be accessed by software to con-
figure and determine the state of the VIA and the signals that the VIA monitors.

Har dware and Softwar el mplementation Note: VIA hardwarewill be removed inlater vers ons of thisplatform
specification. It isincluded hereand ininitid platforms to support legacy Mac OS code.
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Requirements:
14-3. New capabilitiesin operating systems must not depend in any way on the continued existence of the facili-

ties described inthe VIA chapter.

14.3.2 Internal Timings

VIA functions synchronize to an internally generated clock of period = 1.27655 ps; most normal operations will re-
quire at least this amount of time to complete. MacOS has used this fact to insert delays of known duration into the ex-
ecution of timing-critical code. This practice must not be proliferated since the VI A function will be removed from this
platform definition in the future.

Requirements:

14-4. New software must not utilize the timing characteristics associated with operations on the VIA hardware as
described in Section 14.3.2, “Internal Timings,” on page 166 of the VIA chapter.

14.4 VIA Registers

Requirements:

14-5. All the“r eg” property fields specified in Table 311 on page 167, “VIA Registers’, must comply with the
format given inthe PCI binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std
1275-1994.

The positions in the “r eg” property (denoted by reg[1], reg[2], etc.) and the value of the size fields are stated in
Table 311 on page 167. The format is described in the ref erenced Open Firmware bindings.
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Table311. VIA Registers

Address

Offsets Registers Reg Properties

0x0000 Data Register B

0x0200 Data Register A

0x0400 Data Direction Register B

0x0600 Data Direction Register A

0x0800 Timer T1 counter (low-order byte)

0x0A00 Timer T1 counter (high-order byte)

0x0C00 Timer T1 latch (low-order byte)

0x0E00 Timer T1 latch (high-order byte)

reg[1],size=7680
0x1000 Timer T2 counter (low-order byte)
0x1200 Timer T2 counter (high-order byte)
0x1400  Shift Register
0x1600 Auxiliary Control Register
0x1800 Peripheral Control Register
0x1A00 Interrupt Flag Register
0x1C00 Interrupt Enable Register
0x1E00 Data Register A
14.4.1 Data Register B
Table 312. Data Register B Characteristics
Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
1byte Direct base _adr[0] 0x0000 Read/Write Undefined N/A

There aretwo dataregistersin each VI A, called Dataregister A and Dataregister B, each with its own data direction
register. The Data Register bit definitions are system dependent. They are 8-bit bidirectional buses used for transfer of
data, control, and status between the VI A and a peripheral device. Table 313 shows the bit assignments for Data Regis-

ter B.
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Table 313. DataRegister B Bit Definition

Bit 1/10 Description

PBO-

PR7 Unused: If programmed as inputs, these bits will read 0.

14.4.2 Data Register A

Table314. Data Register A Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Vaue
1byte Direct base _adr[0] 0x0200 Read/Write Undefined N/A

There aretwo dataregistersin each VI A, called Dataregister A and Dataregister B, each with its own data direction
register. The Data Register bit definitions are system dependent. They are 8-bit bidirectional buses used for transfer of
data, control, and status between the VI A and a peripheral device. Table 315 shows the bit assignments for Data Regis-
ter A.

Table 315. DataRegister A Bit Definition

Bit 1/10 Description
PAO- . o
PA2 Unused: If programmed as inputs, these bits will read 0.

Sync Modem: Modem clock select:
1: Select the external serial clock to drive the SCC’'s/RTxCA pin

PA3 Output 0: Select the C3.6864MHz clock to drive the SCC cell

Note: Thisis but one implementation of SCC clock selection (platform dependent).
PA4 En WaitRegA: Lets the WaitReq_L signal from port A of the SCC appear on the PA7 input pin.
PA5S Unused: If programmed as inputs, these bits will read 0.

PA6 Output  En WaitReqB: Lets the WaitReq_L signal from port B of the SCC appear on the PA7 input pin.

PA7 Input  SCC WREQ: Reflects the state of the Wait/Request pins from the SCC.
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14.4.3 Data Direction Register B

Table 316. Data Register B Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
1byte Direct base _adr[0] 0x0400 Read/Write Undefined N/A

Table317. DataRegister B Bit Definition

Bit Description

A bit set as 1 in a datadirection register causes the corresponding bit of the data register to be used for output, whereas
0-7 a0 causesitto beused for input. The Macintosh Operating System sets up the data direction registers at system start-up

or reset.

14.4.4 Data Direction Register A

Table318. Data Register A Characteristics

Register Register Associated Offset Read/Write Vauein Register when  SW I nitialized
Size Addressing Reg Property Address Characteristics ~ OF passes control to OS Reset Value
1byte Direct base _adr[0] 0x0600 Read/Write Undefined N/A

Table319. DataRegister A Bit Definition

Bit Description

A bit set as 1 in a datadirection register causes the corresponding bit of the data register to be used for output, whereas
0-7 a0 causesitto beused for input. The Macintosh Operating System sets up the data direction registers at system start-up

or reset.

14.4.5 Event Timers

The VIA event timers are unused in CHRP compliant platforms.

14.4.6 Shift Register

The Shift Register is unused in CHRP compliant platforms.
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14.4.7 Auxiliary Control Register

The Auxiliary Control register controls various parameters pertaining to the VIA timers and the VIA Shift register,
and is unused in CHRP compliant platforms.

14.4.8 Peripheral Control Register

The VIA Peripheral Control register allows software to set some very low-level parameters for certain VIA signals.
Do not write the Peripheral Control register. The result of aread operation is undefined.

Requirements:

14-6. Software must not write to the Peripheral Control Register in the VIA hardware.

14.4.9 Interrupt Flag Register

The I nterrupt Flag Register (IFR) is used to indicate the presence of interrupt conditions generated internally by VIA
functions or from external interrupt conditions on the control input pins.

14.4.10 Interrupt Enable Register

The Interrupt Enable Register (IER) is used to enable/disable the interrupts indicated in the Interrupt Flag Register.
Thereisbit in thel ER corresponding to each bit inthe IFR.



Descriptor-Based DMA

15.1 Overview

This chapter defines the hardware and software operation of descriptor-based direct memory access (DBDMA) tech-
nology for I/O data transfers.

The DBDMA architecture uses command descriptors, which are structured as linked arrays. For the sake of smplic-
ity, the scalability of this model has been limited; for example, there are no mechanisms for sharing DMA devices
among processors or for efficiently reporting completion status from large numbers of DMA devices. Another (more
complex) model may be needed in platforms containing large numbers of processors or 1/O devices. For more informa-
tion about command descriptors, see Section 15.7, “Commands,” on page 182.

There is amore extensive DBDMA architecture which is documented in the Macintosh Technology in the Common
Hardware Reference Platform [18]. Only those DBDMA features used by the devices described in this document are
documented here.

15.2 DBDMA Characteristics

The DBDMA architecture has the following characteristics:
*  Fixed-gze commands. All command entries are 16 bytes long.
»  Fewest processor interrupts. No more than one interrupt is needed per 1/0 operation.

e Initiator-resident data structures. All command and status list components are expected to be located in
initiator-resident system memory

«  Simplecommand structure. Descriptors are organized in asimple linear array. Linking can be accom-
plished through an optional branch action, either associated with a data transfer command or through a NOP
command that specifies a branch.

« Logically distinct channels. To avoid dynamic usage conflicts, the following distinct DMA channels are
provided for controlling transfers of independent data streams:

— Duplex channéls. Different DMA channels are provided for logically distinct data-transfer paths, such as
full duplex transmit and receive.

— Event channéls. A special DMA channel can be provided for reporting asynchronous events from any
controller channel.

Conditional waits. DMA commands can be conditionally suspended, based on the DMA controller’sinter-
nal Channel Status bits. Since external accessto certain of these state bitsis provided, they can be used to
temporarily suspend DMA activity until aflow-control conflict isresolved.
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Embedded branches. To minimize command latency in channel programs that require branching, the IN-
PUT, OUTPUT, and NOP commands have a conditional branch capability.

15.3 Conventions

The discussion of DBDMA in this specification uses the conventions described in this section.

The term descriptor refersto the DMA command list elements, which are often simply buffer descriptors.

Theterm DMA indicates that data transfers are performed by arelatively simple state machine (called the tar-
get) that processes commands generated by a relatively sophisticated processor (called the initiator).

Since the devices defined herein that use DBDMA are PCI devices, only little endian addressing for DBDMA
is supported. The little-endian variant of the DBDMA architecture is defined by the ordering of bytesin any
quadlet register within the DMA unit or the command/status memory locations it accesses. For such quadlets,
the data byte with the smallest addressis the least significant byte.

The formats of storage locations, field values, and DMA-command constants are defined in this appendix. To
minimize confusion when these are ref erenced, a consistent nomenclature is used throughout. This nomencla-
tureis defined in Table 320 on page 172.

Table320. Name notation examples

Name Description

Register or dement of amemory-resident data structure

Explanation: I n names of registers and memory locations, the first | etter is capitalized. For
multiple-component names, like CommandPtr, the first |etters of additional run-together
words are also capitalized.

CommandPtr

Name of afield within aregister or memory-resident datastructure

Explanation: In names of fields, the letters within the first word are not capitalized. For mul-
tiple-component field names, like commandDependent, the first | etters of additional run-to-
gether words are also capitalized.

commandDependent

Command-field Name of afield within aregister or memory-resident datastructure

Name of a defined constant value

Explanation: In names of defined constants, dl letterswithin the name are capitalized. For
multiple-component field names, like OUTPUT_MORE, underscore characters separate the
name components.

CMD_VALUE

Requirements:

15-1. Every DBDMA reserved field must be O when written and must be ignored when read. This must be true

whether the reserved field is accessed by the DBDMA hardware or by device driver software.

15-2. Some address pointers are constrained to be multiples of 4, 8, or 16 bytes. For example, the

NewCommandPtr value is aways 16-byte aligned. The least-significant bits of these aligned addresses
must be reserved, to ensure deterministic behavior when unaligned address values are used.
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15.4 Controller Registers

15.4.1 Register Organization

Controllers using the DBDMA architecture described herein have two distinct sets of registers:

«  Channel Registers: These are the DBDMA registers that are described in this appendix.

« Device Registers: These are registers which are device specific and are not described in this appendix. Refer
to the specific devices which use DBDMA for definitions of these registers.

Table 321 shows the offset for each of the channel registers. The offset value appears literally in the Command
address field when the register is accessed indirectly (Command.key = KEY _REGS). When accessed directly by the
host, or by a channel command (Command.key = KEY_SY STEM) the register’s address is the sum of the system-
defined channel base address and the register’s offset value.

Table321. Channel registers

Offset Register Required
/optional
0x00 Channel Control Required ChannelControl is used to control the activity of the channel.
0x04 Channel Status Required ChannelStatus is used to observe the activity of the channel.
0x08 Reserved
OX0C CommandPtrLo Reqired CommandPtrLo is used to indicate where the channel’s command list is located in
memory.
Optional:
0x10 InterruptSel ect See chqpter
on applica-
ble device
Optional:
0x14 BranchSelect See chapter
on applica-
ble device
Optional:
0x18 WaitSelect Seechapter
on applica-
ble device

Theinitial values, read values, and write effects for the channel registers are shown in Table 322 on page 173.

Table 322. DBDMA register summary

Register Name Initial Value Read Value Write Effect
Channel Control na 0x00000000 update selected bits
Channel Status 0x00000000 Channel Status ignored
CommandPtrLo undefined CommandPtrLo storeif idle
InterruptSelect undefined InterruptSel ect store

BranchSelect undefined BranchSelect store

WaitSelect undefined WaitSelect store
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Detailed descriptions of the full register set are contained in the next sections.

15.4.2 ChannelControl Register

Table 323. ChannelControl Register Characteristics

Valuein Register SW Initiated

"% Adieming  Repoey  Adtes  Cememe  VPOOFPES G ULS
9 g Froperty Control to OS
See chapter on de-
4 bytes Direct vice using DB- 0x00 Read/Write Undefined N/A
DMA channels

The format of the ChannelControl register is shown in Table 324. The ChannelControl register serves as the writing
port for bits that are presented in the Channel Status register..

Table 324. Channel Control Register

Bit Function
Channel Control Mask: The ChannelControl.mask field selectswhich of the lower 16 bits are to bemodified by a
write action. Bits in the lower half of the Channel Control register are written only if the corresponding bitsin Channel-

31-16

Control.mask are set.

Channel Control Data: The valuein the ChannelControl .datafield is conditionally written to the Channel Status regis-
15-0 ter, based on the ChannelControl.mask field. Note that certain bits of the Channel Status register are not writeable or

should be written only to a set state or to a cleared state. See Section 15.4.3 for full details.

15.4.3 ChannelStatus Register

Table 325. Channel Status Register Characteristics

Valuein Register SW Initiated

T admesng  regmopery  Addes  Crameses | WPOFPes L UOE
9 €g Froperty Control to OS
See chapter on de-
4 bytes Direct vice using DB- 0ox04 Read/Write Undefined N/A
DMA channels

The read-only Channel Status register provides access to the channel’s internal status bits. The Channel Control regis-
ter bits are also visible through the Channel Status register. A write to the Channel Status register shall be ignored. The

format of the Channel Status register is shown in Table 326 on page 174.

Table326. Channel Status Register

Bit Function
31-16 Reserved
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Table 326. Channel Status Register (Continued)

Bit

Function

15

ChannelStatus.run: Channel Status.run is set to 1 by software to start execution by the channel. This should be done
only after the CommandPr registers areinitialized; otherwise, the operation of the channel is undefined. Software can
clear this bit to O to abort the operation of the channel. When channel operation is aborted data transfers are terminated,
status is returned, and an interrupt is generated (if requested in the Command.i field of the command descriptor). Data
that is stored temporarily in channel buffers may be lost.

14

Channel Status.pause: Channel Status.pause is set to 1 by software to suspend command processing. Hardware responds
by suspending data transfers and command execution and then clearing the Channel Status.active bit. Software must re-
set Channel Status.pause to 0 to allow command processing to resume.

13

ChannelStatus flush: ChannelStatus.flush can be set to 1 by software, to force achannel that is executing an
INPUT_MORE or INPUT_LAST command to update memory with any data that has been received from the device
but has not yet been written to memory. When the memory update is complete, hardware updates the xferStatus and
resCount fieldsin the current memory resident channel command, then clears the flush bit. Thus, a partial status update
is characterized by 1 in the flush bit of the xferStatus field and afinal status update is characterized by 0.

12

ChannelStatuswake: Channel Statuswake is set to 1 by software to cause a channel that has gone idle to wake up,
refetch the command pointed to by CommandPtr, and continue processing commands. The channel becomes idle after
executing a STOP command. The STOP command does not increment the CommandPtr register.Channel Statuswake
shall bereset to 0 by hardware immediately after each command fetch.

11

ChannelStatus.dead: ChannelStatus.dead is set to 1 by hardware when the channel halts execution dueto a catastrophic
event such as abus or device error. The current command is terminated and hardware attempts to write status back to
memory. Further commands are not executed. |f ahardwired interrupt signa is implemented, the controller shall gener-
ate an unconditional interrupt. When hardware sets the Channel Status.dead bit, the Channel Status.active bit is simulta-
neously deasserted. Hardware shall reset Channel Status.dead to 0 when the Channel Status.run bit is cleared by
software.

10

ChannelStatus.active: Channel Status.active is set to 1 by hardware in response to software setting the Channel Sta-
tus.run bit to 1. Channel Status.active isreset to 0 by hardware in response to software clearing the Channel Status.run
bit or setting the Channel Status.pause bit. It is also reset to 0 after a STOP command is executed or when hardware sets
the ChannelStatus.dead bit to 1.

Reserved

ChannelStatus.bt: Channel Status.bt is set by hardware at the completion of the NOPR, INPUT, and OUTPUT commands
to indicate whether a branch has been taken. Branching is governed by the Command.b field in the command descrip-
tor, the ChannelStatus.s7..s0 bits, and the values in the mask and valuefields of the BranchSelect register. The presence
of this bit in the Command.xferStatus field allows software to follow the actual channel program flow with minimal
overhead.

ChannelStatus.s7-s0: Each DMA channel has up to eight general purpose state bits (ChannelControl .s7 .. ChannelCon-
trol.s0) that can be written through the Channel Control register and read through the Channel Status register. | n some
channel implementations, it may be desirableto provide an additional method for setting and clearing these bits directly
through hardwired connections—for example, when errors occur or to indicate the completion of alogical record.
These bits can be tested a the completion of each command to determine if certain actions should be taken. These ac-
tions may include generation of ahardwired interrupt signal, suspension of further command processing, and branching
to anew location for further command fetches.

The run and pause bits are control bits that are set and cleared by software. The flush and wake bits are command
bits that are set by software and are cleared by hardware when a given action has been performed. The dead, active, and
Bt bits are hardware status bits. The bits s7..50 can be used for general purpose status and control. Their meaning is

channel-specific, and they can be controlled by either hardware or software.
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15.4.4 CommandPtrLo Register

Table327. CommandPtrLo Register Characteristics

Valuein Register SW Initiated

Register Register Associated Offset Read/Write
: . L When OF Passes
Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value
See chapter on de-
4 bytes Direct vice using DB- 0x0C Read/Write Undefined N/A
DMA channels

The and CommandPtrL o register specifies the address of the next command entry to be fetched. Since all channel
commands are 16-byte aligned, the four least-significant bits of the CommandPtrL o register must always be written
with zeros. If they are written with a nonzero value, the operation of the channel is indeterminate and the value re-
turned when these bits are read is undefined. Table 328 on page 176shows the format of the CommandPtr register.

Table 328. CommandPtrLo

Bit Function
31-0 Address Aligned on a 16 byte boundary

The CommandPtrLo registers can be read at any time, but writes to the CommandPtrLo register are ignored unless
the Channel Status.run and Channel Status.active bits are both 0.

15.4.5 InterruptSelect Register

Table 329. Interrupt Select Register Characteristics

Valuein Register SW Initiated

"o Adbeming  Repoey  Adtes  Cememe  VPOOFPES G UIS
9 g Froperty Control to OS
See chapter on de-
4 bytes Direct vice using DB- 0x10 Read/Write Undefined N/A
DMA channels

The InterruptSelect register is used to generate the interrupt condition bit that is tested at the completion of each
command to determineif a hardwired interrupt signal should be asserted. Its format is shown in Table 330 on page 176.

Table 330. Interrupt Select Register

Bit Function
31-24 Reserved. Undefined on reads.

23-16 Mask
15-8 Reserved. Undefined on reads.
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Table 330. Interrupt Select Register (Continued)

Bit Function
7-0 Value

The 8-bit mask and value fields affect the generation of interrupts when command descriptors are processed.

An interrupt condition signal, which can be tested by each channel command, is generated according to the follow-
ing equation:

¢ = (Channel Status.s7..50 & InterruptSe ect.mask)
== (InterruptSd ect.vd ue & InterruptSe ect.mask)

15.4.6 BranchSelect Register

Table 331. BranchSelect Register Characteristics

Valuein Register

"% Adeemng  Reomoey  Adtes  Cammiee  WOFREs Lo LS
9 g Froperty Control to OS
See chapter on de-
4 bytes Direct vice using DB- 0x14 Read/Write Undefined N/A

DMA channels

The BranchSelect register is used to generate the branch condition bit that is tested at the completion of each com-
mand to determineif a branch should be performed. The BranchSelect register has the same format as the | nterruptSe-
lect register.

The branch condition signal is generated according to the following equation:

¢ = (Channel Status.s7..0 & BranchSd ect.mask)
== (BranchSd ect.vd ue & BranchSelect.mask)

15.4.7 WaitSelect Register

Table332. WaitSelect Register Characteristics

. ] . . Valuein Register .
Register Register Associated Offset Read/Write When OF SW Initiated

Size Addressing Reg Property Address Characteristics Control 10 OS Reset Value

See chapter on de-
4 bytes Direct vice using DB- 0x18 Read/Write Undefined N/A
DMA channels
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The WaitSelect register is used to generate the wait condition bit that istested at the completion of each command to
determine if command execution should be suspended. The WaitSelect register has the same format as the I nterruptSe-
lect register.

The wait condition signal is generated according to the following equation:

¢ = (Channel Status.s7..50 & WaitSelect.mask)
== (WaitSd ect.value & WaitSelect.mask)

15.5 Summary of DBDMA Operations

DBDMA operations are expected to involve an initiator, which is the component that generates commands. In atyp-
ical operation, the initiator generates a new sequence of commands and appends them to a preexisting command list in
memory. A wakeup signa is then sent to the target, to initiate the target’s processing of the recently appended com-
mands. This processisillustrated in the Figure 6 on page 178.

I nitiator 2 | Target
- Commands -
(1) lil (3)
Memory
- Status -
(6 (4)
|l
©)

Figure6. DBDMA Operation
A target is a component that connects to one or more 1/0O devices such as a disk controller or network interface.
When the target is activated, it reads and executes the new commands. As command processing continues, the target
returns status information to prespecified locations and sends asignal to the initiator, indicating that another descriptor

has been processed.

There are no provisions for having multiple initiators concurrently append additional command entries; multiple ini-
tiators are expected to serialize their command list updates through other shared-memory semaphores that are beyond
the scope of this specification. The unsharable nature of the command list implies that another architecture may be
appropriate when the DMA controller is shared by loosely-coupled multiprocessors.

Costs are reduced by eliminating the needs to support status-queue structures. Status information is simply returned
to prespecified locations within command descriptors, which are checked by the processor after an interrupt is
received. The mandatory polling of multiple status locations implies that another architecture may be appropriate when
large numbers of DMA controllers are shared by one processor.

15.5.1 Multiplexed Channels

The DBDMA architecture assumes that each device is connected to its own data-transfer channel. 1/0O driver soft-
ware is thus freed from the responsibility of dynamically assigning DMA channels to 1/0 devices. Two data-transfer
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channels would typically be assigned to a full-duplex device, such as Ethernet; one is sufficient for a half-duplex
device such as adisk controller.

In most cases, the transfer of control information (such as a seek address) is performed before the data transfer isini-
tiated. Similarly, status information (such as short-transfer counts) is returned after the data transfer finishes. In both
cases, the control, data transfers, and control transfers are perf ormed sequentially, so the same DMA channel resources
can be shared.

Other forms of status information (such asa disk pack removal) are unexpected and cannot be associated with a data
transfer channel. A special event channel may be used to report such asynchronous events.

Since the event channel is rarely used, it may be shared by all devices attached to a DBDMA controller. Hence the
controller may contain one shared event channel and one or more device-connected data transfer channels, as shownin
Figure 7 on page 179.

Event |— ndefinite Delays (unpredicted events)
Transfer[1]

Device-Dependent Queue Delays
Transfer[n]

Figure 7. Multiplexed channel types
The commands in the event list are expected to be Read commands that (on demand) return unexpected event status.
In this case, the returned list-index value n is used by 1/0O driver software to identify the affected transfer list, trans-
fer[n]. Only one or two Read commands are expected to be queued, since a queued event command is not preallocated
to any list but can be used to return event status from any of the affiliated lists. Note that the commands may remain in
the event list for an indefinite period of time, depending on the arrival rate of unexpected events.

The commands in the transfer[1] through transfer[n] lists are expected to be used individualy (to support half-
duplex traffic) or in pairs (to support full-duplex traffic). The commands in these lists are typically transient, in that
they are constantly consumed as 1/0O operations are performed. However, some 1/0O operations (such as terminal read
actions or flow-controlled write actions) may have an indefinite lifetime.

The event channel is optional; it need not be implemented when the interrupt mechanism and device status registers
are sufficient to report device-dependent asynchronous events.

15.5.2 Command-List Structure

The command list space is allocated by the initiator, which fills a set of command-list entries before passing owner-
ship of them to the target. The target fetches command entries and perf orms the command-entry-specified data-transfer
operation, processing command entries until a STOP entry isreached. The structure of atypical command list is shown
in Figure 8.
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cmd cmd dependent - CommandPtr[n]
cmd cmd dependent
- cmd cmd dependent
cmd cmd dependent
cmd cmd dependent
branch next command
stop ignorefields

Figure8. Command list structure

The command list may be structured in several different ways: to loop on itself (acircular queue), to link individual
data-transfer operations (linked lists), or to link groups of data-transfer operations (a hybrid approach, as shown in
Figure 8).

Note that branches may be embedded in most commands. Therefore, the branch shown in the example could be col-
lapsed into the previous command or it could be encoded as a NOP command that specified a branch. The detailed
structure of command lists is dependent on device driver software conventions and is not specified by the DBDMA
architecture.

In the idle state, the target has a CommandPtr[n] value for each of the n multiplexed channels that are supported.
When activated on channel n, a command entry is fetched from the physical address specified by CommandPtr[n].
Command fetching and execution normally continue until a STOP command is executed.

The autonomous fetching and execution of multiple commands provides a mechanism to execute different data
transfer operations (command chaining), provide several memory addresses for a single data-transfer operation (scat-
tered memory addressing), or provide severa target addresses for a single data-transfer operation (scattered device
addressing).

During the execution of a command entry, the CommandPtr[n] value is either incremented by 16, replaced by the
command-entry’s branchAddress value, or left unchanged (for the STOP command value).

Additional commands may be dynamically appended to an existing command descriptor list while the previously
initiated DMA operations are in progress. Command-list appending is performed by creating an additional command
list and overwriting the STOP command at the end of the old command list with a NOP or a branch to the first com-
mand of the new list.

The WAIT field can be used to provide flow control within a channel. A channel can be programmed to wait until
signaled by the processor or by another device.

15.6 Design Model

This section presents the DBDMA design model, which illustrates how the DBDMA components are structured

15.6.1 Controller Components

A DBDMA controller is expected to connect multiple devices indirectly to a system bus that supports read and write
transactions to system memory. Processor interrupts are either generated through special signal lines (for motherboard
designs) or by sending wakeup events (a 32-bit write to a prespecified register address).
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The DBDMA controller may have shared states, as well as channel states that are replicated for each of several con-
nected devices, as shown in Figure 9 on page 181.

System Bus 4 Main Logic
1 Board Interrupts
'
'

Shared Logic Channel State
CommandPtr | addPtr | count extendState
Contextindex
CommandPtr | addPtr | count extendState
Datg Transfer Channels CommandPtr [ addPtr | count |extendState
ngine CommandPtr | addPtr | count extendState
CommandPtr | addPtr | count extendState
Key Address [ Key Address
\ Stream Data Stream Data
| I (=) | I
Device Registers Device Registers

Devices

Figure9. DBDMA controller model
Hardware is expected to use some form of Contextlndex state to identify which of the DMA contexts is currently
active, but this state is not directly or indirectly accessible to software. The data-transfer engine provides the facilities
for performing the requested data transfers.

The DBDMA architecture provides a well-defined interface to attached I/O devices. An 1/O device may be con-
nected to a data-byte stream, where the controller handles the movement of unaddressed data bytes into or out of sys-
tem memory. The controller provides a 3-bit key value. Four of the Command.key encodings are used to identify which
byte-stream is being used. The standard data stream is typicaly STREAMO and an optional control/status stream is
typicaly STREAM1.

As an alternative option, a DBDMA controller may support the direct movement of data between device registers
and memory. I n this case, the controller provides a sequence of device register addresses while the datais being trans-
ferred. An additional Command.key encoding is used to identify transfers directed to device registers.

Each channel provides a few memory-mapped registers. These registers include the CommandPtr register (used to
initialize the sequencer’s pointer to the command list) and the Channel Status and ChannelControl registers. Writes to
ChannelControl registers can reactivate idle command-list processing. Optional BranchSelect, InterruptSelect, and
WaitSelect registers can be used to specify the manner in which the conditional execution of the branch, interrupt, and
wait actionsis selected.

15.6.2 System Bus Errors

Unrecoverable errors on system memory accesses includes parity and addressing errors. A busy-retry error istreated
as arecoverable bus error, and the bus action is retried until it finishes successfully or the DBDMA controller’s com-
mand processing is terminated.

An unrecoverable error setsthe dead bit in the Channel Status register of the currently executing DMA channel. Soft-
ware must explicitly reset the Channel Status.run bit to 0 and later set it back to 1 to return to an operational state.
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15.6.3 Device Status

The device's control and status registers are mapped into system memory space, so the processor can access them di-
rectly using read and write transactions. For some applications, the processor isrequired to update these registers at the
end of every data transfer, so there is no need for the channel program to return device status explicitly.

However, some devices have the intelligence to process multiple data transfer requests autonomously. For these
applications, processor performance would be reduced unless the channel could autonomously return device status
before initiating the next data transfer. The DBDMA architecture provides two mechanisms for autonomously return-
ing device status:

e Statusstream. An additional data-transfer command can be used to transfer a status-byte stream into mem-
ory. A unique Command.key value is used to distinguish the status stream from the normal data-transfer
stream.

e Statusregisters. An additional data-transfer command can be used to transfer arange of device register ad-
dresses into memory. Another unique Command.key value is used to distinguish this memory-mapped trans-
fer from the normal data-transfer stream.

Simple device status information may also be returned in the Command.xferStatus fid d described in Section Bit.

15.6.4 Conditional Actions

The INPUT, OUTPUT and NOP commands provide Command.b and Command.branchAddress fields that specify
the condition and address for optional branches in command sequencing. A smilar mechanism is used to specify con-
ditional interrupt generation and conditional suspension of command processing.

15.7 Commands

All the commands listed herein are mandatory and must be implemented as specified.

15.7.1 Command Formats

The general format of aDBDMA command descriptor contains 16 bits of opcode fields (including a4-bit cmd field),
a 16-bit reqCount field, a 32-bit address parameter, and a 32-bit cnmdDep parameter, as shown in Table 324 on page
174. The xferStatus and resCount fields are used by the channel to report status after acommand finishes. Although the
location and size of the cmdDep field is standardized for all commands, its interpretation is dependent on the Com-
mand.cmd field value.
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Bit 31-28, Word 3 (Command.cmd): The Command.cmd field specifies which type of datatransfer is per-

Table 333. Command Entry Formatr

Word Bit Function

31-28 cmd

27 Reserved

26-24 k
Word 3 &
(Little En- 23-22 Reserved
dianByte 1.0 i
Ordering)

19-18 b

17-16 w

15-0 RegCount
Word 2 31-0 Address
Word 1 31-0 CmdDep

31-16 XferStatus
Word 0

15-0 ResCount

formed, as defined in Table 334 and described in the following sections.

Bit 26-24, Word 3 (Command.key): The Command.key field isused to select which of the device access ports

Table334. Command.cmd field values

Vaue Name Description

0 OUTPUT_MORE Transfer more memory to stream
1 OUTPUT_LAST Transfer last memory to stream
2 INPUT_MORE Transfer more stream to memory
3 INPUT_LAST Transfer last stream to memory
4 STORE_QUAD Store immediate 4-byte value

5 LOAD_QUAD Load immediate 4-byte vaue

6 NOP No data transfer

7 STOP Suspend command processing

8-15

Reserved

is used, as specified in Table 335 on page 183.

Table335. Effects of Command.key field

Vaue Name Description Usage

0 KEY_STREAMO Default device stream Data

1 KEY_STREAM1 Device-dependent stream Control and status
2 KEY_STREAM2 Device-dependent stream

3 KEY_STREAM3 Device-dependent stream

4 Reserved

5 KEY_REGS Channel-state register space

6 KEY_SYSTEM System memory-mapped space
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Table 335.  Effects of Command.key field (Continued)

Value
7 KEY_DEVICE

Name Description Usage

Device memory-mapped space

With INPUT and OUTPUT commands, the key field may specify alternate device streams (e.g. data and status).
With LOAD_QUAD and STORE_QUAD commands, the key field specifies to which address space the immediate
datais to be transferred. Table 336 on page 184 summarizes the operation of the key field in combination with each of
the data transfer commands. A key field value of KEYSTREAMO through KEY STREAM3 combined with a
LOAD_QUAD or STORE_QUAD command isillegal and generates undefined results.

Table336. Datatransfer operations

Command Key Source Destination
OUTPUT KEY_STREAMO..3 SysMem(address) Stream 0..3
KEY_SYSTEM SysMem(address) SysMem(Data2Ptr)
KEY_DEVICE SysMem(address) Device(Data2Ptr)
KEY_REGS SysMem(address) ChannelRegs(Data2Ptr)
INPUT KEY_STREAMO..3 Stream 0.3 SysMem(address)
KEY_SYSTEM SysMem(Data2Ptr) SysMem(address)
KEY_DEVICE Device(Data2Ptr) SysMem(address)
KEY_REGS Channel Regs(Data2Ptr) SysMem(address)
STORE_QUAD KEY_STREAMO..3 Illegal; see note below See note below
KEY_SYSTEM data32 SysMem(address)
KEY_DEVICE data32 Device(address)
KEY_REGS data32 ChannelRegs(address)
LOAD_QUAD KEY_STREAMO..3 I1legal; see note below See note below
KEY_SYSTEM SysMem(address) data32
KEY_DEVICE Device(address) data32
KEY_REGS Channel Regs(address) data32

Bit 21-20, Word 3 (Command.i): Upon completion of each command, a hardwired interrupt may optionally be
generated. Interrupt generation is controlled by the 2-bit Command.i field in conjunction with an internal
interrupt condition bit that is generated by the channel. The channel generates the interrupt condition
based on the current values of the Channel Status.s7..s0 bits along with mask and data values found in the
InterruptSelect register of each channel. The suggested algorithm for generating the interrupt condition
isgivenin Table 337 on page 184.

Table 337. Algorithm for Generating I nterrupt

¢ = (ChannelStatus.s7..s0 & I nterruptSelect.mask)
== (I nterruptSelect.value & | nterruptSelect.mask)

Bit In many implementations there will be no need to allow all of the general purpose status bits to generate in-
terrupts. I n these cases, the generation of the interrupt condition may be as simple astying it to asingle
status bit or tying it to 0. The equation above should be used only in those cases where it is desired to al-
low interrupts to be generated based on the val ues of multiple status bits. Table 338 on page 185 indi-
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cates how the interrupt condition bit is used in conjunction with the Command.i field to determine

whether or not to generate an interrupt.
Table 338.  Effects of Command.i field

Vaue Effect

0 Never interrupt

1 Interrupt if the Interrupt Condition bit is set

2 Interrupt if the Interrupt Condition bit is cleared
3 Always interrupt

In implementations that have no hard-wired interrupt signal (such as a DBDMA controller used with certain 1/0
expansion buses), the Command.i field value is ignored.

Bit 19-18, Word 3 (Command.b): Upon completion of each data transfer command, the CommandPtr is up-
dated to point to either the next command or the target of a branch. Branching is controlled by the Com-
mand.b field in conjunction with an internal branch condition bit that is generated by the channel. The
channel generates the branch condition based on the current values of the Channel Status.s7..s0 bitsalong
with amask and a data value found in the BranchSelect register of each channel. The algorithm for gen-
erating the branch condition is given in Table 339 on page 185.

Table 339. Algoritm for Generating Branch Condition

¢ = (Channel Stetus.s7..s0 & BranchSelect.mask)
== (BranchSelect.value & BranchSelect.mask)

Table 340 on page 185 indicates how the branch condition bit is used in conjunction with the Command.b field to
determine whether or not to take the branch.

Table 340. Effects of Command.b field

Value Effect

0 Never branch

1 Branch if the Branch Condition bit is set

2 Branch if the Branch Condition bit is cleared
3 Always branch

17-16, Word 3, (Command.w): Upon completion of each command, channel operation may optionaly be sus-
pended. Thisaction is controlled by the Command.w field in conjunction with an internal wait condition bit that is gen-
erated by the channel interface. The channel interface generates the wait condition based on the current values of the
Channel Status.s7..s0 bits along with mask and data values found in the WaitSelect register of each channel. The sug-
gested algorithm for generating the wait condition is given in Table 341 on page 185.

Table 341.  Algorithm for Wait Condition

¢ = (Channel Status.s7..s0 &
Wai tSelect.mask)

== (WaitSelect.vd ue &
Wai tSelect.mask)
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Table 340 on page 185 indicates how the wait condition bit is used in conjunction with the Command.w field to
determine whether or not to suspend command execution. If await action isinvoked, it occurs before the normal com-
mand completion sequence (branch determination, status update, interrupt generation, or next command fetch).

Table 342. Effects of Command.w field

Value Effect

0 Never wait

1 Branch if the Wait Condition bit is set

2 Branch if the Wait Condition bit is cleared
3 Alwayswait

Bit 15-0, Word 3 (Command.regCount): The Command.reqCount field is used to specify the number of bytes
to betransferred by data transfer commands.

Bit 31-0, Word 2 (Command.address): The Command.address field is used to specify the primary 32-bit ad-
dress used in data transfers. With INPUT and OUTPUT commands, it is always a system memory ad-
dress and points to a data buffer. With LOAD_QUAD and STORE_QUAD commands, it is the address
to or from which the immediate datais to be moved. I n the latter case, it may point to system memory
space, device memory space, or channel registers, as controlled by the Command.key field.

Bit 31-0, Word 1 (Command.cmdDep): The meaning and format of the 32-bit Command.cmdDep field is de-
pendent on the Command.cmd values. With STORE_QUAD and LOAD_QUAD commandsit is the
datavalue to be written or read. With input and output commandsit specifies a 32-bit conditional branch
target. See the descriptions of individual commands in the next sections.

Bit 31-16, Word 0 (Command.xfer Status): Upon completion of acommand, the current content of the chan-
nel’s Channel Status register is written to the Command.xferStatus field. (The format of the Channel Sta-
tus register is defined in Section 15.4.3, “Channel Status Register,” on page 174.) When
Command.xferStatus iswritten to memory, the bit corresponding to Channel Status.active isalways set to
1. Thisserves as an indication that the corresponding command has been executed, and both the xferSta-
tus and resCount fields have been updated. To make use of thisfeature, host software should clear the ac-
tive bit in the Command.xferStatus field to 0 when the command descriptor isinitialized. The
Channel Control.flush bit provides a mechanism for software to force buffered data to be written to mem-
ory and for status to be updated bef ore the completion of the command. Partial status reports are charac-
terized by the flush bit being set to 1 in the xferStatus field. Some devices may wish to provide
intermediate status autonomously, identifying how many data bytes have been transferred, before com-
pleting the transfers specified by the command descriptor. This may be accomplished by providing the
device with the ability to set the flush bit in the Channel Control register. | ntermediate status reports may
be useful in cases such as terminal input, where the host needs to respond quickly to input data but would
like to avoid interrupts on every byte. The intermediate status capability is optional. When it isimple-
mented, the conditions under which partial statusis returned are device-dependent; for example, status
could be returned periodically, when signaled through device-dependent state bits, when a minimum
number of data bytes are available, or in response to a combination of these conditions.

Bit 15-0, Word 0 (Command.resCount): Upon completion of acommand, the 16-bit residual byte count value
is written to the Command.resCount field. Thisvalue is normaly 0, but may be more when the device
prematurely terminates the data transfer.

Note: The Command.resCount and Command.xferStatus fie ds shal | be updated i n an indivig bl e operati on.
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15.7.2 INPUT and OUTPUT Commands

The INPUT_MORE, INPUT_LAST, OUTPUT_MORE, and OUTPUT_LAST commands transfer data between
system memory and the device stream. The OUTPUT_MORE and OUTPUT_LAST commands transfer data from
memory (which typically goes into the attached device). The INPUT_MORE and INPUT_LAST commands transfer
data (which typically comes from the attached device) into memory. Data chaining is accomplished through the use of
the MORE and LAST versions of these commands. The MORE commands indicate that the current buffer is not ex-
pected to complete a logical record (such as a network packet). The LAST commands indicate that the buffer is ex-
pected to complete a logical record. The reqCount field specifies the number of bytes to be transferred, the address
field specifies a starting system memory address, and the branchAddressfield specifies the address from which to fetch
the next command if the branch test is successful. The Command.key field selects which of the device access portsis
used. Thesefields are shown in Table 343 on page 187.

Table 343.  Input and Output Command Formatr

Word Bit Function
31-28 cmd
27 Reserved
26-24 k

Word 3 Nl

(Litdle En- 23-22 Reserved

dianByte 21.20 [
Ordering)

19-18 b

17-16 w

15-0 RegCount
Word 2 31-0 Address
Word 1 31-0 Branch Address

31-16 XferStatus
Word 0

15-0 ResCount

Note: An OUTPUT or INPUT command that performs a conventional transfer between system memory and an
unaddressed device stream should specify a Command.key vad ue of KEY_STREAMO. Additional stream
identifiers dlow access to other streams that may be provided by the device, such as control and status
informati on. Command.key va ues of KEY_SYSTEM and KEY_DEVICE are used in conjunction with an
(optional) Data2Ptr register to perform two-address transfers between system memory and the specified
space.

15.7.3 STORE_QUAD Command

The STORE_QUAD command stores a 32-bit immediate value into memory. The 32-bit data32 field specifies the
data value, and the address field (in combination with the key field) specifies the destination address, as shown in
Table 344 on page 188.
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Table 344. Store_Quad Command Format

Word Bit Function
31-28 cmd
27 Reserved
26-24 key
Word 3 23-22 Reserved
Lnetr am |
Ordering) 19-18 Reserved
17-16 w
15-3 Reserved
2-0 ReqCount
Word 2 31-0 Address
Word 1 31-0 Data32
31-16 XferStatus
Word 0
15-0 Reserved

The field normally used for specifying whether a branch is to be taken (Command.b) is reserved in this command.
Software shall write it with a0 value. The operation of the channel is undefined when a nonzero value is written to this

field.

The only valid valuesfor the reqCount field are 1, 2 and 4. Only aligned transfers are supported. For example, if the
count is 4, the low-order two bits of the address are assumed to be 0 and are ignored. Likewise, if the count is 2, the
low-order bit of the address is assumed to be 0. When the count isless than 4 bytes, the least significant bytes of data32

are transferred.

STORE_QUAD mapsillegal reqCount values into legal ones as shown in Table 345 on page 188. In Table 345 on
page 188, x represents a bit that isignored.

Table 345. STORE_QUAD reqCount Values

reqCount Effective value
0b00x 1
0b01x 2
Ob1xx 4

During the execution of a STORE_QUAD command, the Command.key value specifies the destination address for
the immediate data. Only key values of KEY_REGS, KEY_SY STEM, and KEY_DEVICE are alowed. The operation
of the channel is undefined when other key values are used.

15.7.4 LOAD_QUAD Command

The LOAD_QUAD command shall load a 32-bit immediate value from memory. The 32-bit data32 field is the des-
tination and the address field (in combination with the key field) specifies the source address, as shown in Table 346 on

page 189.



15.7 Commands

189

Table 346. Load Quad Command Format

Word Bit Function
31-28 cmd
27 Reserved
26-24 key
Word 3 23-22 Reserved
Gnetr am |
Ordering) 19-18 Reserved
17-16 w
15-3 Reserved
2-0 RegCount
Word 2 31-0 Address
Word 1 31-0 Data32
31-16 XferStatus
Word 0
15-0 Reserved

The field normally used for specifying whether a branch is to be taken (Command.b) is reserved in this command.
Software shall write it with a0 value. The operation of the channel is undefined when a nonzero value is written to this

field.

LOAD_QUAD handles the size and alignment of data transfers in the same way that the STORE_QUAD command

does.

During the execution of a LOAD_QUAD command, the Command.key value specifies the source address for the
immediate data. Only key values of KEY_REGS, KEY_SYSTEM, and KEY_DEVICE are alowed. The operation of
the channel is undefined when other key values are used.

15.7.5 NOP Command

The NOP command performs no data transfers. However, it can use standard mechanisms to specify that interrupt,
branch, or wait actions be performed. The NOP command is shown in Table 347 on page 189.

Table 347. NOP Command Format

Word Bit Function
31-28 cmd
27-22 Reserved
Word 3 .
(Litle En- 21-20 i
dianByte 19.18 b
Ordering)
17-16 w
15-0 Reserved
Word 2 31-0 Address
Word 1 31-0 Data32
31-16 XferStatus
Word 0
15-0 Reserved
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15.7.6 STOP Command

The STOP command deactivates channel processing. It is placed at the end of a command list to indicate that there
are currently no further commands to be processed. The only effect of the STOP command is that the channel goesidle
and clears the Channel Status.active bit. The format of the STOP command is shown in Table 348 on page 190.

Table 348. Stop Command Format

Word Bit Function
Word 3 31-28 cmd
(Little En-

dianByte 7.9 Reserved
Ordering)

Word 2 31-0 Reserved
Word 1 31-0 Reserved
Word 0 31-0 Reserved

To add additional commands to an active channel program, the following sequence should be performed:
1. Append the new commandsto the existing channel program in memory.
2. Overwrite the STOP command with a NOP command (or the first new channel command).

3. Setthewakebit in the Channel Control register to 1. Thisletsthe channel process the new commands whether
or not it had already completed the old commands and gone idle.

15.8 Asynchronous Event Packet Formats

The DBDMA architecture defines a special channel to allow interfaces to report low frequency asynchronous events.
This shared resource alleviates the need for an additional channel to be allocated to each interface. The reporting of
modem signal changes (such as DCD or CTS) is one example of asituation in which this facility might be used.

thisfeatureisoptional. | nthe presence of appropri ate interrupt mechanisms and devi ce status registers, it may not
be needed.

The asynchronous event channel’s command list is composed of a series of INPUT_LAST commands with a count
of 4 bytes. When an asynchronous event occurs, the current INPUT_LAST command is executed by writing a 4-byte
EventPacket to the address indicated by Command.address. This packet consists of a 16-bit eventSource field and a 16-
bit eventTypefield, as shown in Table 349 on page 190.

Table349. Asynchronous Event Packet Format

Word Bi

Word 3

(Little En-
dian Byte
Ordering)

Word 2 31-0
Word 1 31-0
Word 0 31-0

t Function

w
[
o
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The eventSource field identifies the source of the asynchronous event. It should contain a value that identifies the
channel affiliated with the event. The eventType field identifies the nature of the event that was generated by the
source. The assignment of values within thisfield isimplementation-specific.

15.9 Hardwired Interrupts

Requirements:

15-3. ThePCI devices described herein are allowed one interrupt each to the system. DBDMA interrupts must be
shared with the other interrupt requirements of the device as described in the device chapters.

15.10 Examples

This section presents examples of implementations of the DBDMA architecture.

15.10.1 Command Queuing

This section describes how the DBDMA architecture might be used to support a circular queue structure for com-
mands —in this example, for Ethernet packet transmission.

Table 350 illustrates a sample channel program. In this example, three commands are required for each packet: one
to transmit the header, one to transmit the data, and a final one to receive the transmit status information. An interrupt
is generated when the last command of the sequence finishes.

Table 350. Queued transmission commands

No. Command key i b w reqCount  Address cmdDep
0 OUTPUT_MORE STREAMO NEVER NEVER NEVER 100 &Hdrl NA

1 OUTPUT_LAST STREAMO NEVER NEVER NEVER 1000 &Bufl NA

2 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 &Statusl  NA

3 OUTPUT_MORE STREAMO NEVER NEVER NEVER 100 &Hdr2 NA

4 OUTPUT_LAST STREAMO NEVER NEVER NEVER 1000 &Buf2 NA

5 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 &Status2  NA

6 STOP->NOP NA NA NA NA NA NA NA

7 OUTPUT_MORE STREAMO NEVER NEVER NEVER 100 &Hdr2 NA

8 OUTPUT_LAST STREAMO NEVER NEVER NEVER 1000 &Buf2 NA

9 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 &Status2  NA

10 STOP NA NA NA NA NA NA NA

11 - - - - - - - -

12 - - - - - - - -

13 NOP (Branch) NA NEVER ALWAY S NEVER NA NA &Cmd0o

In the example, commands 0 through 5 represent arequest to transmit two packets. I nitially these commands are fol-
lowed by a STOP command because there is no further work to be done. When a new request for a packet transmission
is received from a client, it can be added to the queue without waiting for completion of the first two packets. Thisis
accomplished by appending the new commands to the list, changing the STOP to aNOR, and setting the wake bit in the
ChannelControl register to 1.
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Adding commands to the queue isillustrated by commands 6 through 10 in the example. Note that there are several
alternatives to the insertion of the NOP command. For example, the STOP command could be overwritten with the
new OUTPUT_MORE command &fter the remaining commands and the new STOP command are written. Software
could also replace the stop with a NOP that branches to a new command group, terminated with a STOP command.

Command groups may continue to be added in this manner until the allocated descriptor blocks are exhausted. At
that point, a branch back to the first descriptor can be executed, and new command groups can overwrite those which
have been executed and released by hardware. (Hardware releases descriptors by writing to the Command.xferStatus
field.) The branch can either take the form of a static, standalone command, as illustrated here, or can be embedded in
the last data transfer command.

15.10.2 Ethernet Reception

Note: An Ethernet implementation using DBDMA is not documented herein. Thisexampleisgiven to
demonstrate DBDMA operati on.

This section illustrates one possible way in which the DBDMA architecture can be used to support Ethernet packet
reception and mini-buffer allocation. In this example, memory utilization is optimized by allocating buffers that are
substantially smaller than the maximum packet size. Thus, in the typical situation where the mgjority of packets
received are quite small, less physical memory must be allocated in order to buffer a given number of packets.

As shown in Table 351, the command list is structured as a number of channel command pairs. After each input
buffer has been filled, the channel checksfor packet completion. If the packet is complete, a command is executed that
fetches the receive status from the device's status stream and stores it in system memory. An interrupt is generated
when this command finishes. Note that the first command in the command list isa STORE_QUAD. This initializes the
BranchSelect register to the value required for the following conditional branches by specifying that the end of frame
bit be tested.

Table 351. Ethernet receive channel commands

No. Command key i b w reqCount  Address cmdDep
0 STORE_QUAD SYSTEM NEVER NEVER NEVER 4 & BrSelReg 2%400'9232
1 INPUT_MORE STREAMO NEVER 1Cond NEVER 256 & Buffer0 &Cmd3
2 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 & Status0 NA

3 INPUT_MORE STREAMO NEVER 1Cond NEVER 256 & Bufferl &Cmd5
4 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 & Statusl NA

5 INPUT_MORE STREAMO NEVER 1Cond NEVER 256 & Buffer2 &Cmd7
6 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 & Status2 NA

7 INPUT_MORE STREAMO NEVER 1Cond NEVER 256 & Buffer3 &Cmd2
8 INPUT_LAST STREAM1 ALWAYS NEVER NEVER 4 & Status3 NA

9 STOP NA NA NA NA NA NA NA

10 NOP(BRANCH) NA NEVER ALWAYS NEVER NA NA &Cmdl

Only four input buffers are used in this example; in practice many more receive buffers would typically be alocated.

The command list is structured as a circular queue of buffers. A STOP command must always be inserted after the last
buff er/status command pair. This delineates the buffers that are owned by the controller from the returned buffers that
are owned by the host, and prevents the controller from overwriting any filled buffers that have not been released by
the host.
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Asbuffers arefilled and returned by the controller, new receive buffers are added to the queue in their place, and the
position of the STOP command is advanced. This progression of the command list structure is shown in Table 352.
Note that this example assumes that the first two received packets each fit within a single mini-buffer and that the third
packet requires two mini-buffers.

Table 352. Ethernet receive command sequence

Initial command list After Buffer Ois filled After Buffer Lis filled After Buffers 2and 3are

z
o

filled
0 STORE_QUAD STORE_QUAD STORE_QUAD STORE_QUAD
1 Buffer0 STOP Buffer5 Buffer5
2 Status0 NOP Statuss Statusb
3 Buffer 1 Buffer 1 STOP Buffer 6
4 Status 1 Status 1 NOP Status 6
5 Buffer 2 Buffer 2 Buffer 2 Buffer 7
6 Status 2 Status 2 Status 2 Status 7
7 Buffer 3 Buffer 3 Buffer 3 STOP
8 Status 3 Status 3 Status 3 NOP
9 STOP Buffer 4 Buffer 4 Buffer 4
10 NOP (w. Branch) Status 4 (w. Branch) Status 4 (w. Branch) Status 4 (w. Branch)

15.10.3 Full Handshake Flow Control

The DBDMA architecture also allows large device-to-device transfers to be performed autonomously, using small
memory-resident buffers for intermediate data storage.

As an example, consider the live capture of the most-recent video images on a disk device, as illustrated in
Figure 10. In the most general case, the transient data transfer rates of the two devices may be arbitrarily diff erent—the
disk would have a higher transient data transfer rate, but the data transfer rate would drop to O during seek operations.
For illustration purposes, assume that a small video sampleis being saved in acircular buffer on disk.

bufX
Iﬂ Channel A bufy Channel B

(State Bit A.c) (State Bit B.c)
Camera Memory Disk

Figure 10. Flow-controlled device model
The DBDMA channels contain state bits that can influence the conditional execution of WAIT actions. Thus, chan-
nel programs can use this capability to spin-wait on externally generated events. For the data camera, flow control
involves waiting for buffer-use bits to be set by the disk when a data buffer has been read from memory. For the disk,
flow control involves waiting for buffer-use bits to be set by the data camera when a new data buffer has been written
into memory.

The channel A program uses a STORE_QUAD command to set a channelB state bit (B.s0) after each data buffer has
been written; channel A waits for its own state bit (A.s0) to be set by channelB after each data buffer has been con-
sumed. The structure of these two channel programs isillustrated in Figure 11. I n the diagram, dotted lines are used to
illustrate how the STORE_QUAD command entries in one program are coupled to the WAIT actions in the other.
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ChannelA ChannelB
~— | while (B.sO == 0);
write(&bufX);
read(&bufX);
B.sO = 1; b
— A.sO=1; -
write(&bufY);
~— | while (B.sO == 1);
while (A.sO == 0);
read(&bufY);
B.sO = 0; I
A.sO = 0;
write(&bufX);
~— | while (B.sO == 0);
while (A.sO == 1);
read(&bufX);
B.sO = 1; b
— jump jump

Figure11. Synchronizing flow-controlled channel programs
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A.1 Introduction

IBM introduced the Video Graphics Array (VGA) display standard in 1987 to provide a higher resolution color
graphics capability to its PS/2 line of personal computers. VGA BIOSwas provided to control the VGA hardware, but
programming directly to the hardware has become the more common approach for performance reasons. Since itsin-
troduction, VGA has been “cloned” by many manufacturers, claiming register-level compatibility. | f a software devel-
oper is programming the hardware directly, 100 percent compatibility is imperative; unfortunately, this is not always
the case.

The VGA function includes a video buffer, avideo digital-to-analog converter (DAC), a CRT controller, a sequencer
unit, a graphics controller, and an attribute controller.

Video memory consists of at least 256K B; its use and mapping depend on the mode selected. It is configured as four
64K B memory maps:

The video DAC contains the color palette that is used to convert the video data into the video signal that is sent to the
display. Three analog signals (red, green, and blue) are output from the DAC.

The CRT controller generates horizontal and vertical synchronization signal timings, addressing for the regenerative
buffer, cursor and underline timings, and refresh addressing for the video memory.

The sequencer generates basic memory timingsfor the video memory and the character clock for controlling regen-
erative buffer fetches. It allows the system to access memory during active display intervals by periodically inserting
dedicated system microprocessor memory cycles between the display memory cycles. Map mask registers in the se-
quencer are available to protect entire memory maps from being changed.

The graphics controller is the interface between the video memory and the attribute controller during active display
times, and between video memory and the system microprocessor during memory accesses.

During active display times, memory datais latched and sent to the attribute controller. In graphics modes, the mem-
ory data is converted from parallel to serial bit-plane data before being sent; in alphanumeric modes, the parallel
attribute data is sent.

During sy stem accesses of video memory, the graphics controller can perform logical operations on the memory data
before it reaches video memory or the system data bus. These logical operations are composed of four logical write
modes and two logica read modes. The logical operators allow enhanced operations, such as a color compare in the
read mode, individual bit masking during write modes, internal 32-bit writesin a single memory cycle, and writing to
the display buffer on non-byte boundaries.

The attribute controller takes in data from video memory through the graphics controller and formats it for display.
Attribute data in aphanumeric mode and serialized bit-plane data in graphics mode are converted to an 8-bit color
value. Each color value is selected from an internal color palette of 64 possible colors (except in 256-color mode). The
color value is used as a pointer into the video DAC where it is converted to the analog signals that drive the display.
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A.2 VGA Modes

VGA provides aphanumeric modes for text processing and graphics modes for graphics processing. The following
table describes the alphanumeric (A/N) and al points addressable (APA) graphics modes available in standard VGA
monitors. Each color is selected from 256K possibilities, and gray shades from 64 possibilities. The variations within
these modes are selected by setting the number of scan lines. The scan line count is set before the mode set is executed.
In the 200-scan-line modes, the datafor each scan line is scanned twice. This double scanning allows the 200-scan-line

image to be displayed in 400 scan lines.

Table353. VGA Video Modes

Mode Type | Colors Alpha Buffer B_ox Max. Freq Resol L_Jti on | Double | Border
(Hex) Format Start Size | Pages (hxv Pixels) Scan Support

0,1 AIN 16 40x25 B8000 8x8 8 70Hz 320x200 Yes No
o*,1* AIN 16 40x25 B8000 8x14 8 70Hz 320x350 No No
O+,1+ A/N 16 40x25 B8000 9x16 8 70Hz 360x400 No No

23 AIN 16 80x25 B8000 8x8 8 70Hz 640x200 Yes Yes
2-3- AIN 16 80x25 B8000 8x14 8 70Hz 640x350 No Yes

2+ .3+ AIN 16 80x25 B8000 9x16 8 70Hz 720x400 No Yes

45 APA 4 40x25 B8000 8x8 1 70Hz 320x200 Yes No

6 APA 2 80x25 B8000 8x8 1 70Hz 640x200 Yes Yes

7 AIN - 80x25 B0O000 9x14 8 70Hz 720x350 No Yes

7+ AIN - 80x25 B0O000 9x16 8 70Hz 720x400 No Yes

D APA 16 40x25 A0000 8x8 8 70Hz 320x200 Yes No

E APA 16 80x25 A0000 8x8 4 70Hz 640x200 Yes Yes

F APA - 80x25 A0000 8x14 2 70Hz 640x350 No Yes

10 APA 16 80x25 A0000 8x14 2 70Hz 640x350 No Yes

11 APA 2 80x30 A0000 8x16 1 60Hz 640x480 No Yes

12 APA 16 80x30 A0000 8x16 1 60Hz 640x480 No Yes

13 APA 256 40x25 A0000 8x8 1 70Hz 320x200 Yes Yes
Note: * or + indicate enhanced modes

Mode 3+ is the default mode with a color display attached and mode 7 is the default mode with a monochrome dis-
play attached. The graphics controller senses whether the display is monochrome or color and initializes itself to the
appropriate mode.

A.2.1 Alphanumeric Modes

The aphanumeric modes are modes 0 through 3 and 7. The mode chart lists the variations of these modes. The data
format for alphanumeric modes is the same as the data format on the IBM Color/Graphics Monitor Adapter, the IBM

M onochrome Display Adapter. and the IBM Enhanced Graphics Adapter.
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The video subsystem is initialized according to the selected mode and the color values are loaded into the video
DAC. These color vaues can be changed to give a different color set to select from. Bit 3 of the attribute byte may be
redefined by the Character Map Select register to act as a switch between character sets, giving the Programmer access
to 512 characters at one time.

When an aphanumeric mode is selected, the character font patterns are transferred from the ROM to map 2. The
system stores the character data in map 0, and the attribute datain map 1. I n the alphanumeric modes, the programmer
views maps 0 and 1 as a single buffer. The CRT controller generates sequential addresses, and fetches one character
code byte and one attribute byte at atime. The character code and row scan count are combined to make up the address
into map 2, which contains the character font. The appropriate dot patterns are then sent to the attribute controller,
where color is assigned according to the attribute data.

Every display character position in the alphanumeric mode is defined by two bytes in the display buffer. Both the
color/graphics and the monochrome emulation modes use the following 2-byte character/attribute format.

Display Character Code Byte Attribute Byte

76543210{76543210
Even Address Odd Address

Figure12. Character/Attribute Format

The functions of the attribute byte are defined in the following table. Bit 7 can be redefined in the Attribute Mode
Control register to give 16 possible background colors; its default is to control character blinking. Bit 3 can be rede-
fined in the Character Map Select register to select between two character fonts; its default is to control foreground
color selection

Table 354.  Attribute Byte Definitions

Bit Color Function

7 B/l Blinking or Background I ntensity

6 R Background Color

5 G Background Color

4 B Background Color

3 1/CS Foreground I ntensity or Character Font Select
2 R Foreground Color

1 G Foreground Color

0 B Foreground Color
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The following are the color values loaded for the 16-color modes.
Table 355. Firmware Color Initialization

IRGB Color
0000 Black
0001 Blue
0010 Green
0011 Cyan
0100 Red

0101 Magenta

0110 Brown

o011 White

1000 Gray

1001 Light Blue

1010 Light Green

1011 Light Cyan

1100 |Light Red

1101 Light Magenta

1110 Yellow

1111 White (High I ntensity)

Both 40-column and 80-column alphanumeric modes are supported. The features of the 40-column alphanumeric
modes (al variations of modes 0 and 1) are:

«  25rowsof 40 characters
e 2,000 bytes of video memory per page

*  One character byte and one attribute byte per character.
The features of the 80-column a phanumeric modes (all variations of modes 2, 3, and 7) are:
e 25rowsof 80 characters

e 4,000 bytes of video memory per page

*  One character byte and one attribute byte per character.

A.2.2 Graphics Modes

This section describes the graphics modes supported. The colors in this section are generated when the BIOS is used
to set the mode. Bl OS initializes the video subsystem and the DAC palette to generate these colors. If the DAC palette
is changed, different colors are generated.
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A.2.2.1 320 x 200 Four Color Graphics (Modes 4 and 5)

Addressing, mapping, and data format are the same as the 320 x 200 PEL mode of the IBM Color/Graphics Monitor
Adapter. The display buffer is configured at 0xB8000. Bit image data is stored in memory maps 0 and 1. The two bit
planes (CO and C1) are each formed from bits from both memory maps.

Features of this mode are:

e A maximum of 200 rows of 320 pels

*  Double-scanned to display as 400 rows
*  Memory-mapped graphics

»  Four colorsfor each PEL

e Four pelsper byte

« 16,000 bytes of read/write memory.

The video memory is organized into two banks of 8,000 bytes each using the following format. Address 0xB8000
contains the PEL information for the upper left corner of the display area.

The following figure shows the format for each byte.
Table 356. PEL Format, Modes 4 and 5

Bit Function

7 C1- First Display PEL

6 CO - First Display PEL

5 C1- Second Display PEL

4 CO0 - Second Display PEL

3 C1 - Third Display PEL

2 CO0 - Third Display PEL

1 C1- Fourth Display PEL

0 CO - Fourth Display PEL

A.2.2.2 640 x 200 Two Color Graphics (Mode 6)

Addressing, scan-line mapping, and data format are the same as the 640 x 200 PEL black and white mode of the
IBM Color/Graphics Monitor Adapter. The display buffer is configured at 0xB8000. Bit image data is stored in mem-
ory map 0 and comprises asingle bit plane (CO). Features of this mode are:

¢ A maximum of 200 rows of 640 pels

« Double scanned to display as 400 rows

« Same addressing and scan-line mapping as 320 x 200 graphics
» Two colorsfor each PEL

« Eight pels per byte

« 16,000 bytes of read/write memory.
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The following shows the format for each byte. The bit definition for each PEL is 0 equals black and 1 equals intensi-
fied white.

Table357. PEL Format, mode 6

Function

First Display PEL
Second Display PEL
Third Display PEL
Forth Display PEL
Fifth Display PEL
Sixth Display PEL
Seventh Display PEL
Eighth Display PEL

@
=

O I N W &~ O OO N

A.2.2.3 640 x 350 Graphics (mode F)

This mode emulates the EGA graphics with the monochrome display and the following attributes: black, video,
blinking video, and intensified video. A resolution of 640 x 350 uses 56,000 bytes of video memory to support the four
attributes. This mode uses maps 0 and 2; map 0 is the video bit plane (CO), and map 2 is the intensity bit plane (C2).
Both planes reside at address 0xA 0000.

The two bits, one from each bit plane, define one PEL. The bit definitions are given in the following table.

Table 358.  Bit Definitions C2,CO

C2C0 PEL Color
00 Black
01  White
10 Blinking White
11 Intensified White

Memory is organized with successive bytes defining successive pels. Thefirst eight pels displayed are defined by the
byte at 0OxA0000, the second eight pels at 0xA0001, and so on. The most significant bit in each byte defines the first

PEL for that byte.

Since both bit planes reside at address 0xA 0000, the user must select the plane to update through the Map Mask reg-

ister of the sequencer.

A.2.2.4 640 x 480 Two Color Graphics (mode 11 hex)

This mode provides two color graphics with the same data format as mode 6.

The bit image datais stored in map 0 and comprises a single bit plane (C0). The video buffer starts at 0xA0000. The
first byte contains the first eight pels; the second byte at OXxA0001 contains the second eight pels, and so on. The bit
definition for each PEL is 0 equals black and 1 eguals intensified white.
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A.2.2.5 16-Color Graphics Modes (Modes 10 hex, D, E, and 12 hex)

These modes support 16 colors. For all modes, the bit image data is stored in all four memory maps. Each memory
map contains the data for one bit plane. The bit planes are CO through C3 and represent the following colors:

CO=Blue

C1=_Green

C2=Rd

C3 =Intensified

The four bits define each PEL on the screen by acting as an address (pointer) into the internal palette in the Type 2
video.

The display buffer resides at address OxA0000. The Map Mask register selects any or all of the maps to be updated
when the system writes to the display buffer.

A.2.2.6 256-Color Graphics Mode (mode 13 hex)

This mode provides graphics with the capability of displaying 256 colors at one time

The display buffer is sequential, starts at address 0xA 0000, and is 64,000 bytes long. Thefirst byte contains the color
information for the upper-left PEL . The second byte contains the second PEL, and so on, for 64,000 pels (320 x 200).
The bit image data is stored in al four memory maps and comprises four bit planes. The four bit planes are sampled
twiceto produce eight bit-plane val ues that address the video DAC.

In this mode, the internal palette of the video subsystem isloaded by BIOS and should not be changed. The first 16
locations in the external palette, which is in the video DAC, contain the colors compatible with the alphanumeric
modes. The second 16 locations contain 16 evenly spaced gray shades. The next 216 locations contain values based on
a hue-saturation-intensity model tuned to provide a usable, generic color set that covers a wide range of color values.

The following figure shows the color information that is compatible with the colors in other modes:

Table 359. Compatible Color Coding

7PGESE|382IE) Color Output
00000000 Black
00000001 Blue
00000010 Green
00000011 Cyan
00000100 Red
00000101 Magenta
00000110 Brown
00000111 White
00001000 Gray
00001001 Light Blue
00001010 Light Green
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Table 359. Compatible Color Coding (Continued)

7PGESE|382IE) Color Output
00001011 Light Cyan

00001100 Light Red

00001101 Light Magenta
00001110 Yellow

00001111 White (High I ntensity)

Each color in the palette can be programmed to one of 256K different colors.
The features of this mode are:

¢ A maximum of 200 rows with 320 pels

« Double scanned to display as 400 rows

« Memory-mapped graphics

« 256 of 256K colorsfor each PEL

* One byte per PEL

* 64,000 bytes of video memory.

A.3 Registers

There are six groups of registers in the video subsystem. All video registers are readable except the system data
latches and the attribute address flip-flop. The following table lists the register groups, their I/O addresses with the type
of access (read or write), and page reference numbers.

The question mark in the address can be a hex B or D depending on the setting of the I/O address bit in the Miscella-
neous Output register, described in “General Registers’ on page 203.

Software Implementation Note: All registersin the video subsystem are read/write. The va ue of reserved bits
in these registers must be preserved. Read the register first and change only the bits required.

Table360. VGA Subsystem Register Overview:

] Port
Registers R/W Address
General Register s
Sequencer Registers

Address Register R/W 0x03C4

Data Registers R/W 0x03C5
CRT Controller Registers

Address Register R/W 0x0374

Data Registers R/W 0x037%5
GraphicsController Registers

Address Register R/W 0x03CE

Data Registers R/W O0x03CF
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Table360. VGA Subsystem Register Overview: (Continued)

] Port
Registers R/W Address
Attribute Controller Register s

Address Register R/W 0x03C0
Data Registers W 0x03C0

R 0x03C1

Video DAC Palette Register s

Write Address RIW 0x03C8
Read Address w 0x03C7
Data RIW 0x03C9
PEL Mask RIW 0x03C6

A.3.1 General Registers

Table 361. General Registers:

Read Write

Register Address  Address
Miscellaneous Output Register 0x03CC  0x03C2
Input Status Register 0 0x03C2 -

Input Status Register 1 0x037A -
Feature Control Register Ox03CA  0x03?A
Video Subsystem Enable Register 0x03C3  0x03C3

A.3.1.1 Miscellaneous Output Register

Read Address: 0x03CC
Write Address: 0x03C2

7 6 5 4 3 2 1

VSP HSP — — CSs ERAM

10S

Miscellaneous Output Register

— : Set to 0, undefined on Read
VSP : Vertica Sync Polarity
HSP : Horizontal Sync Polarity

PB : Page Bit for Odd/Even

CS : Clock Select

ERAM : Enable RAM
IOS : I/O Address Select
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The register fields are defined asfollows:

VSP

HSP

PB

CSs

ERAM

10S

Determines the polarity of the vertical sync pulse and can be used (with HSP) to control the vertical
size of the display by utilizing the autosynchronization feature of VGA displays.
= 0 selects apositive vertical retrace sync pulse.

Determines the polarity of the horizontal sync pulse.
= 0 selects apositive horizontal retrace sync pulse.
Bits 7 (V SP) and 6 (HSP) select the vertical size as follows:
Bits
76 Vertical Size
00 - Reserved
01-400lines
10-350lines
11-480lines

Selects the upper/lower 64K page of memory when the system is in an eve/odd mode (modes
0,1,2,37).

= 0 selects the low page

= 1 selects the high page

These two bits select the clock source as below: The external clock is driven through the auxiliary
video extension. The input clock should be kept between 14.3 MHz and 28.4 MHz.

Bits

32 Function

00 - Selects 25 MHz clock for 640/320 Horizontal pels

01 - Selects 28 MHz clock for 720/360 Horizontal pels

10 - Reserved

11- Reserved

Controls system access to the display buffer.
= 0 disables address decode for the display buffer from the system
=1 enables address decode for the display buffer from the system

This bit selects the CRT controller addresses. When set to 0, this bit sets the CRT controller ad-
dresses to 0x03Bx and the address for the Input Status Register 1 to 0X03BA for compatibility with
the monochrome adapter.

When set to 1, this bit sets CRT controller addresses to 0x03Dx and the I nput Status Register 1 ad-
dress to OxO3DA for compatibility with the color/graphics adapter.

The Write addresses to the Feature Control register are affected in the same manner.

A.3.1.2 Input Status Register 0

Read-only Address: 0x03C2

7

6 5 4 3 2 1 0

Cl

Input Status Register 0

— : Set to 0, undefined on Read
Cl : CRT Interrupt
SS : Switch Sense
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The register fields are defined asfollows:

Cl When set to 1, this bit indicates a vertical retrace interrupt is pending
SS Returnsthe status of the four sense switches as selected by the CSfield of the Miscellaneous Output
Register.

A.3.1.3 Input Status Register 1
Read-only Address. 0x03?A

7 6 5 4 3 2 1 0
— — — — VR — — DE
Input Status Register

— : Set to 0, undefined on Read
VR : Vertical Retrace
DE : Display Enable

The register fields are defined asfollows:

VR When set to 1, this bit indicates that the display isin avertical retraceinterval . This bit can be pro-
grammed, through the Vertica Retrace End register, to generate an interrupt at the start of the verti-
cal retrace.

DE When set to 1, this bit indicates a horizontal or vertical retraceinterval. This bit is the real-time sta-

tus of the inverted 'display enable' signal. Programs have used this status bit to restrict screen up-
dates to the inactive display intervals in order to reduce screen flicker. The video subsystem is
designed to eliminate this software requirement; screen updates may be made at any time without
screen degradation.

A.3.1.4 Feature Control Register

Read Address 0x03CA
Write Address: 0x037A

All bits are reserved.

7 6 5 4 3 2 1 0

Feature Control

A.3.1.5 Video Subsystem Enable Register
Thisregister (0x03C3) isreserved.

7 6 5 4 3 2 1 0

Video Subsystem Enable
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A.3.2 Sequencer Registers

The Address register is at address 0x03C4 and the data registers are at address 0x03C5. All registers within the
sequencer are read/write.

Table362. Sequencer Registers

Register Index
(hex)
Sequencer Address —
Reset 00
Clocking Mode 01
Map Mask 02
Character Map Select 03
Memory Mode 04

A.3.2.1 Sequencer Address Register

The Address register is at address 0x03C4. This register is loaded with an index value that points to the desired
seguencer data register.

7 6 5 4 3 2 1 0

Sequencer Address Register

— @ Set to 0, undefined on Read
SA : Sequencer Address

The register field isdefined as follows:
SA These bits contain theindex value that points to the data register to be accessed.

A.3.2.2 Reset Register
Address 0x03C4; Data 0x03C5; Index 0x00.

7 6 5 4 3 2 1 0

— — — — SR ASR

Reset Register

— @ Set to 0, undefined on Read
SR : Synchronous Reset
ASR : Asgynchronous Reset
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The register fields are defined asfollows:

SR

ASR

When set to 0, this bit commands the sequencer to synchronously clear and halt. Bits 1 and 0 must
be 1 to alow the sequencer to operate. To prevent the loss of data, bit 1 must be set to 0 during the
active display interval before changing the clock selection. The clock is changed through the Clock-
ing Mode register or the Miscellaneous Output register.

When set to 0, this bit commands the sequencer to asynchronously clear and halt. Resetting the se-
quencer with this bit can cause loss of video data.

A.3.2.3 Clocking Mode Register

Address 0x03C4; Data 0x03C5; Index 0x01.

7

6 5 4 3 2 1 0

— SO SH4 DC SL 1 D89

Clocking Mode Register
: Set to 0, undefined on Read

1 : Setto 1, undefined on Read
SO : Screen Off
SH4 : Shift 4
DC : Dot Clock
S : Shift Load

D89 : 8/9 Dot Clocks

The register fields are defined asfollows:

SO

SH4

DC

SL

D89

When set to 1, this bit turns off the display and assigns maximum memory bandwidth to the system.
Although the display is blanked, the synchronization pulses are maintained. This bit can be used for
rapid full-screen updates.

When the Shift 4 field and the Shift Load Field are set to 0, the video serializers areloaded every
character clock. When the Shift 4 field is set to 1, the video serializers areloaded every forth charac-
ter clock, which is useful when 32 bits are fetched per cycle and chained together in the shift regis-
ters.

When set to O, this bit selects the normal dot clocks derived from the sequencer master clock input.
When this bit is set to 1, the master clock will be divided by 2 to generate the dot clock. All other
timings are aff ected because they are derived from the dot clock. The dot clock divided by 2 is used
for 320 and 360 horizontal PEL modes.

When this bit and bit 4 are set to 0, the video serializers areloaded every character clock. When this
bitis set to 1, the video serializers are loaded every other character clock, which is useful when 16
bits are fetched per cycle and chained together in the shift registers. The Type 2 video behaves as if
thisbitis set to 0; therefore, programs should set it to 0.

When set to 0, this bit directs the sequencer to generate character clocks 9 dots wide; when set to 1,
it directs the sequencer to generate character clocks 8 dots wide. The 9-dot mode is for alphanumeric
modes 0+, 1+, 2+, 3+, 7, and 7 + only; the Sth dot equals the 8th dot for ASCI | codes 0xCO through
OxDF. All other modes must use 8 dots per character clock. Seethe line graphics character bitin the
“Attribute Mode Control Register” on page 228
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A.3.2.4 Map Mask Register
Address 0x03C4; Data 0x03C5; Index 0x02.

7 6 5 4 3 2 1 0

— — — — M3E M2E M1E MOE

Map Mask Register, Index 0x02
— @ Set to 0, undefined on Read
M3E : Map 3 Enable
M2E : Map 2 Enable
M1E : Map 1 Enable
MOE : Map 0 Enable
D89 : 8/9 Dot Clocks

The register fields are defined asfollows:

M*E When set to 1, these bits enable system access to the corresponding map. If all maps are enabled, the
system can writeits 8-bit valueto all four mapsin asingle memory cycle. This substantially reduces
the system overhead during display updates in graphics modes.

Datascrolling operations can be enhanced by enabling all maps and writing the display buffer ad-
dresswith the data stored in the system data |atches. This is a Read-Modify-Write operation.

When odd/even modes are selected, maps 0 and 1 and maps 2 and 3 should have the same map mask
value.

When chain 4 mode is selected, all maps should be enabled.

A.3.2.5 Character Map Select Register

Address 0x03C4; Data 0x03C5; Index 0x03.

In alphanumeric modes, bit 3 of the attribute byte normally defines the foreground intensity. This bit can be rede-
fined as a switch between character sets allowing 512 displayable characters. To enable this feature:

1. Set the extended memory bit in the Memory Mode register (0x04) to 1.
2. Select different valuesfor character map A and character map B.

Thisfunction is supported by BIOS and is afunction call within the character generator routines.

7 6 5 4 3 2 1 0

— — MAH MBH MAL MBL

Character Map Select Register, Index 0x03

— @ Set to 0, undefined on Read
MAH : Character Map A Select (MSB)
MBH : Character Map B Select (MSB)
MAL : Character Map A Select (LSB)
MBL : Character Map B Select (L SB)
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The register fields are defined asfollows:

MAH
MBH
MAL

MBL

This bit is the most-significant bit for selecting the location of character map A.
This bit is the most-significant bit for selecting the location of character map B.

These bits and bit 5 select the location of character map A. Map A is the area of map 2 containing
the character font table used to generate characters when attribute bit 3 is set to 1. The selection is
shown in Table 363 on page 209.

These bits and bit 4 select the location of character map B. Map B isthe areaof map 2 containing the
character font table used to generate characters when attribute bit 3 is set to 0. The selection is
shown in Table 364 on page 209.

Bits Map

532 Selected Table Location

000 0 il)lst 323528 of display memory
001 1 3rd 8KB

010 2 5th 8KB

o1 3 7th 8KB

100 4 2nd 8KB

101 5 4th 8KB

110 6 6th 8KB

111 7 8th 8KB

Table 363. Character Map Select A

‘zlltg Zlela;ded Table Location

000 0 il)lst a?;(f of display memory
001 1 3rd 8KB

010 2 5th 8KB

o1 3 7th 8KB

100 4 2nd 8KB

101 5 4th 8KB

110 6 6th 8KB

111 7 8th 8KB

Table 364. Character Map Select B
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A.3.2.6 Memory Mode Register

Address 0x03C4; Data 0x03C5; Index 0x04.

7

6 5 4 3 2 1 0

— — — CH4 OE EM —

Memory Mode Register, |ndex 0x04

— : Set to 0, undefined on Read
CH4 : Chan4

OE : Odd/Even

EM : Extended Memory

The register fields are defined asfollows:

CH4

OE

EM

This bit controls the map selected during system read operations. When set to 0, this bit enables sys-
tem addresses to sequentially access data within abit map by using the Map Mask register. When set
to 1, this bit causes the two low-order bits to select the map accessed as shown below.

Address Bits
AOAL Map Selected
00 0
01 1
10 2
11 3

When this bit is set to 0, even system addresses access maps 0 and 2, while odd system addresses ac-
cessmaps 1 and 3. When this bit is set to 1, system addresses sequentially access datawithin abit
map, and the maps are accessed according to the value in the Map Mask register (index 0x02).

When set to 1, this bit enables the video memory from 64KB to 256K B. This bit must be set to 1 to
enable the character map selection described for the previous register.

A.3.3 CRT Controller Registers

A dataregister is accessed by writing itsindex to the Address register at address 0x03D4 or 0x03B4, and then writ-
ing the data to the access port at address 0x03D5 or 0x03B5. The I/O address used depends on the setting of the I/O
address select bit (bit 0) in the Miscellaneous Output register, which is described in “General Registers’ on page 203.
The following figure shows the variable part of the address as a question mark.

Softwar e Implementation Note: When modifying aregister, the setting of reserved bits must be preserved. Read
the regi ster first and change only the bits required.

Table 365. CRT Controller Registers

Register Name Address Index
Address 0x0374 —

Horizontal Total 0x0375 0x0
Horizontal Display-Enable End 0x03?75 0x01
Start Horizonta Blanking 0x03?75 0x02
End Horizontal Blanking 0x03?75 0x03
Start Horizonta Retrace Pulse 0x0375 0x04

Index values not listed are reserved.
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Table 365. CRT Controller Registers (Continued)

Register Name Address Index
End Horizontal Retrace 0x03?75 0x05
Vertical Total 0x03?75 0x06
Overflow 0x03?75 0x07
Preset Row Scan 0x03?75 0x08
Maximum Scan Line 0x03?75 0x09
Cursor Start 0x03?75 Ox0A
Cursor End 0x03?75 0x0B
Start Address High 0x03?75 0x0C
Start Address Low 0x03?75 0x0D
Cursor Location High 0x03?75 OxOE
Cursor Location Low 0x03?75 OXOF
Vertical Retrace Start 0x03?75 0x10
Vertical Retrace End 0x03?75 Ox11
Vertical Display-Enable End 0x03?75 0x12
Offset 0x03?75 0x13
Underline L ocation 0x03?75 0x14
Start Vertical Blanking 0x03?75 0x15
End Vertical Blanking 0x03?75 0x16
CRT Mode Control 0x03?75 ox17
Line Compare 0x03?5 0x18

Index values not listed are reserved.

A.3.3.1 Address Register

This register is at address 0x03?4, and is loaded with an index value that points to the data registers within the CRT
controller.

— — — Index

Address Register

— Setto 0, undefined on Read
Index : These bitsare the index that points to the data register accessed

through address 0x03D5 or 0x03B5.

A.3.3.2 Horizontal Total Register
Address 0x03?4; Data 0x037?5; Index 0x00

7 6 5 4 3 2 1 0

Horizontal Total

This register the total number of characters in the horizontal scan interval including the retrace time. The value
directly controls the period of the 'horizontal retrace' signal. A horizontal character counter in the CRT controller
counts the character clock inputs, comparators are used to compare the register value with the character's horizontal
width to provide horizontal timings. All horizontal and vertical timings are based on this register.
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The value contained in this register is the total number of characters minus 5.

A.3.3.3 Horizontal Display-Enable End Register
Address 0x03?4; Data 0x03?5; Index 0x01

7 6 5 4 3 2 1 0

Horizontal Display Enable End

The value in this register defines the length of the 'horizontal display-enable signal, and determines the number of
character positions per horizontal line. The value contained in this register is the total number of displayed characters
minus 1.

A.3.3.4 Start Horizontal Blanking Register
Address 0x03?4; Data 0x03?5; Index 0x02

7 6 5 4 3 2 1 0

Start Horizontal Blanking

Thevalue in this register is the horizontal character count where the 'horizontal blanking' signal goes active.

A.3.3.5 End Horizontal Blanking Register
Address 0x03?4; Data 0x03?5; Index 0x03

7 6 5 4 3 2 1 0

1 DES EB

End Horizontal Blanking Register, Index 0x03

1 : Setto 1, undefined on Read
DES : Display Enable Skew Control
EB : End Blanking
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The register fields are defined asfollows:

DES These two bits determine the amount of skew of the 'display enable' signa. This skew control is
needed to provide sufficient time for the CRT controller to read a character and attribute code from
the video buffer, to gain access to the character generator, and go through the Horizontal PEL Pan-
ning register in the attribute control ler. Each access requires the 'display enable' signal to be skewed
one character clock so that the video output is synchronized with the horizontal and vertical retrace
signas. The skew values are shown below.

DESFied
65 Amount of Skew
00 No character clock skew
01 One character clock skew
10 Two character clock skew
11 Three character clock skew

Note: Character skew is not adjustable on the Type 2 video and the bits are ignored; however, pro-
grams should set these bits for the appropriate skew to maintain compatibility.

EB These bits are the five low-order bits of a6-bit value that is compared with the vaue in the Start
Horizonta Blanking register to determine when the 'horizontal blanking' signd will go inactive. The
most-significant bit is bit 7 in the End Horizontal Retrace register (index 0x05).

To program these bits for asigna width of W, the following algorithm is used: the width W, in char-
acter clock units, is added to the value from the Start Horizonta Blanking register. The six low-order
bits of theresult are the 6-bit value programmed.

A.3.3.6 Start Horizontal Retrace Pulse Register

Address 0x03?4; Data 0x03?75; Index 0x04

These bits are used to center the screen horizontally by specifying the character position where the 'horizontal
retrace’ signal goes active.

7 6 5 4 3 2 1 0

Start Horizontal Retrace Pulse

A.3.3.7 End Horizontal Retrace Register

Address 0x03?4; Data 0x037?5; Index 0x05

7 6 5 4 3 2 1 0

EB5 HRD EHR

End Horizontal Retrace Register, Index 0x05

EB5 : End Horizontal Blanking, Bit 5
HRD : Horizonta Retrace Delay
EHR : End Horizontal Retrace

The register fields are defined asfollows:

EBS5 This bit isthemost significant bit (bit 5) of the end horizontal blanking value in the End Horizontal
Blanking register (index 0x03).
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The register fields are defined asfollows: (Continued)

HRD These bits control the skew of the 'horizontal retrace’ signal. The vaue of these bits is the anount of
skew provided (from O to 3 character clock units). For certain modes, the 'horizontal retrace' signal
takes up the entire blanking interval. Someinternal timings are generated by the falling edge of the
‘horizontal retrace' signal. To ensure that the signal's arelatched properly, the 'retrace’ signal is started
before the end of the 'display enable' signal and then skewed several character clock timesto provide
the Proper screen centering.

EHR These bits are compared with the Start Horizontal Retrace register to give a horizontal character
count where the 'horizontal retrace' signal goes inactive.
To program these bits with asignal width of W, the following algorithm is used: thewidth W, in

character clock units, is added to the valuein the Start Retrace register. The fivelow-order bits of the
result are the 5-bit value programmed.

A.3.3.8 Vertical Total Register
Address 0x03?4; Data 0x03?5; Index 0x06

7 6 5 4 3 2 1 0

Vertical Total

These are the eight low-order bits of a 10-bit vertical total. The value for the vertical total is the number of horizontal
raster scans on the display, including vertical retrace, minus 2. This value determines the period of the 'vertical retrace
signal.

Bits 8 and 9 are in the Overflow register (index 0x07).

A.3.3.9 Overflow Register
Address 0x03?4; Data 0x03?5; Index 0x07

7 6 5 4 3 2 1 0

VRS9 VDE9 VT9 LC8 VBS8 VRS8 VDES VT8

Overflow Register, Index 0x07

VRS9 : Vertical Retrace Start, Bit 9
VDE9 : Verticd Display Enable End, Bit 9
VT9 : Vertica Total, Bit9
LC8 : Line Compare, Bit 8
VBS8 : Verticd Blanking Start, Bit 8
VRS8 : Vertical Retrace Start, Bit 8
VDES : Verticd Display Enable End, Bit 8
VT8 : Vertica Total, Bit 8

The register fields are defined asfollows:

VRS9 Bit 9 of the Vertical Retrace Start register (index 0x10).
VDE9 Bit 9 of the Vertical Display Enable End register (index 0x12).
VT9 Bit 9 of the Vertical Total register (index 0x06).

LCS8 Bit 8 of the Line Compare register (index 0x18).

VBS8 Bit 8 of the Start Vertical Blanking register (index 0x15).
VRS8 Bit 8 of the Vertical Retrace Start register (index 0x10).
VDES Bit 8 of the Vertical Display Enable End register (index 0x12).
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The register fields are defined asfollows: (Continued)
VRS9 Bit 9 of the Vertical Retrace Start register (index 0x10).

VT8 Bit 8 of the Vertical Total register (index 0x06).
A.3.3.10 Preset Row Scan Register
Address 0x03?4; Data 0x0375; Index 0x08

7 6 5 4 3 2 1 0

— BP SRS

Preset Row Scan Register, Index 0x08

— @ Set to 0, Undefined on Read
BP : Byte Panning
SRS : Starting Row Scan Count

The register fields are defined asfollows:

BP These two bits control byte panning in multiple shift modes. These bits are used in pel-panning oper-
aions. and should normaly be set to 0.

SRS These bits specify the row scan count for the row starting after avertical retrace. The row scan
counter is incremented every horizontal retrace time until the maximum row scan occurs. When the
maximum row scan is reached, the row scan counter is cleared (not preset).

Note: The CRT controller latches the start address at the start of the vertical retrace. These register values should be
loaded during the active display time.

A.3.3.11 Maximum Scan Line Register
Address 0x03?4; Data 0x0375; Index 0x09

7 6 5 4 3 2 1 0

DSC LC9 VBS9 MSL

Maximum Scan Line Register, Index 0x09
DSC : 200 to 400 Line Conversion
LC9 : Line Compare, Bit 9

VBS9 : Start Vertical Blanking, Bit 9
MSL : Maximum ScanLine

The register fields are defined asfollows:

DSC When this bit is set to 1, 200-scan-line video data is converted to 400-scan-line output. To do this,
theclock in the row scan counter is divided by 2, which alows the 200-line modes to be displayed as
400 lines on the display (thisis called double scanning; each lineis displayed twice). When this bit
isset to O, the clock to the row scan counter is equal to the horizonta scan rate.

LC9 Bit 9 of the Line Compare register (index 0x18).

VBS9 Bit 9 of the Start Vertical Blanking register (index 0x15).
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The register fields are defined asfollows: (Continued)

DSC When this bit is set to 1, 200-scan-line video data is converted to 400-scan-line output. To do this,
theclock in the row scan counter is divided by 2, which allows the 200-line modes to be displayed as
400 lines on the display (thisis called double scanning; each lineis displayed twice). When this bit
isset to O, the clock to the row scan counter is equal to the horizonta scan rate.

MSL These bits specify the number of scan lines per character row. The value of these bitsis the maxi-
mum row scan number minus 1.

A.3.3.12 Cursor Start Register
Address 0x03?4; Data 0x03?5; Index Ox0A

7 6 5 4 3 2 1 0

— — CO RSCB

Cursor Start Register, Index 0x0A

— : Setto 0, Undefined on Read
CO : Cursor Off
RSCB : Row Scan Cursor Begins

The register fields are defined asfollows:
CcO When set to 1, this bit disables the cursor.

RSCB These bits specify the row within the character box where the cursor begins. The value of these bits
isthe first line of the cursor minus 1. When this value is greater than that in the Cursor End register,
no cursor is displayed.

A.3.3.13 Cursor End Register
Address 0x03?4; Data 0x03?5; Index 0xOB

7 6 5 4 3 2 1 0

— CsK RSCE

Cursor End Register, Index 0xOB

— : Set to 0, Undefined on Read
CSK : Cursor Skew Control
RSCE : Row Scan Cursor Ends

The register fields are defined asfollows:

CSK These bits control the skew of the cursor. The skew value delays the cursor by the selected number
of character clocks from 0 to 3. For example, askew of 1 moves the cursor right one pasition on the
screen.

RSCE These bits specify the row within the character box where the cursor ends. If this valueis less that
the cursor start value, no cursor is displayed.
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A.3.3.14 Start Address High Register
Address 0x03?4; Data 0x0375; Index 0x0C

7 6 5 4 3 2 1 0

Start Address High

These are the eight high-order bits of a 16-bit value that specifies the starting address for the regenerative buffer. The
start address points to the first address after the vertical retrace on each screen refresh.

Software Implementation Note: The CRT controller |atches the start address at the start of the vertical retrace.
These register vd ues should be [oaded during the active display time.

A.3.3.15 Start Address Low Register

Address 0x03?4; Data 0x0375; Index 0xOD

7 6 5 4 3 2 1 0

Start Address Low

These are the eight low-order bits of the starting address for the regenerative buffer.

A.3.3.16 Cursor Location High Register
Address 0x03?4; Data 0x037?5; Index OxOE

7 6 5 4 3 2 1 0

Cursor Location High

These are the eight high-order bits of the 16-bit cursor

A.3.3.17 Cursor Location Low Register
Address 0x03?4; Data 0x037?5; Index OxOF

7 6 5 4 3 2 1 0

Cursor Location Low

These are the eight low-order bits of the cursor location.

A.3.3.18 Vertical Retrace Start Register
Address 0x03?4; Data 0x0375; Index 0x10

7 6 5 4 3 2 1 0

Vertical Retrace Start
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These are the eight low-order bits of the 9-bit start position for the 'vertical retrace pulse; it is programmed in hori-
zontal scan lines. Bit 8 isinthe Overflow register (index 0x07).

A.3.3.19 Vertical Retrace End Register
Address 0x03?4; Data 0x03?5; Index Ox11

7 6 5 4 3 2 1 0

PR S5R EVI Cvi VRE

Vertical Retrace End Register, Index Ox11

PR : Protect Registers 0-7
S5R : Select 5 Refresh Cycles
EVI : Enable Vertical Interrupt
CVI : Clear Vertica Interrupt
VRE : Vertical Retrace End

The register fields are defined asfollows:

PR When set to 1, this bit disables write access to the CRT controller registers at index 00 through 07.
The line compare bit in the Overflow register (index 0x07) is not protected.

S5R When set to 1, this bit generates five memory refresh cycles per horizontal line. When set to 0, this
bit selects three refresh cycles. Selecting five refresh cycles allows use of the VGA chip with 15.75
kHz displays. This bit should be set to O for supported operations.

EVI When set to O, this bit enables avertical retraceinterrupt. The vertical retrace interrupt is IRQ2. This
interrupt level can be shared; therefore, to determine whether the video generated the interrupt,
check the CRT interrupt bit in Input Status Register 0.

CVI When set to 0, this bit clearsavertical retraceinterrupt. At the end of the active vertical display time,
aflip-flopis set to indicate an interrupt. An interrupt handler resets this flip-flop by first setting this
bit to 0, then resetting it to 1.

VRE The Vertical Retrace Start register is compared with these four bits to determine where the 'vertical
retrace signal goesinactive. It is programmed in units of horizontal scan lines. To program these bits
with asignal width of W, the following algorithm is used: the width W, in horizontal scan units, is

added to the value in the Start Vertical Retrace register. The four low-order bits of the result are the
4-bit value programmed.

A.3.3.20 Vertical Display Enable End Register
Address 0x03?4; Data 0x03?5; Index 0x12

7 6 5 4 3 2 1 0

Vertical Display Enable End

These are the eight low-order bits of a 10-bit value that defines the vertical-display-enable end position. The two
high-order bits are contained in the Overflow register (index 0x07). The 10-bit value is equa to the total number of
scan linesminus 1.
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A.3.3.21 Offset Register
Address 0x03?4; Data 0x0375; Index 0x013

7 6 5 4 3 2 1 0

Offset

These bits specify the logical line width of the screen. The starting memory address for the next character row is
larger than the current character row by 2 or 4 times the value of these bits. Depending on the method of clocking the
CRT controller, this addressis either aword or doubleword address.

A.3.3.22 Underline Location Register
Address 0x03?4; Data 0x0375; Index Ox14

7 6 5 4 3 2 1 0

— Dw CB4 SUL

Underline Location Register, Index 0x14

— : Set to 0, Undefined on Read
DW : Doubleword Mode

CB4 : Counthy 4

SUL : Start Underline

The register fields are defined asfollows:

DW When this bit isset to 1, memory addresses are doubleword addresses. See the description of the
word/byte mode bit (bit 6) in the “CRT Mode Control Register” on page 220.

CB4 When this bit is set to 1, the memory-address counter is clocked with the character clock divided by
4, which is used when doubleword addresses are used.

SUL These bits specify the horizontal scan line of a character row onwhich an underline occurs. The
value programmed is the scan line desired minus 1.

A.3.3.23 Start Vertical Blanking Register
Address 0x03?4; Data 0x0375; Index 0x15

7 6 5 4 3 2 1 0

Start Vertical Blanking

These are the eight low-order bits of a 10-bit value that specifies the starting location for the ‘vertical blanking' sig-
nal. Bit 8 isin the Overflow register (index 0x07) and bit 9 is in the Maximum Scan Line register (index 0x09). The
10-bit value is the horizontal scan line count where the 'vertical blanking' signal becomes active minus 1.
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A.3.3.24 End Vertical Blanking Register

Address 0x03?4; Data 0x03?5; Index 0x16

7

6 5 4 3 2 1 0

End Vertical Blanking

This register specifies the horizontal scan count where the 'vertical blanking' signal becomes inactive. The register is

Programmed in units of the horizontal scan line.

To program these bits with a 'vertical blanking' signal of width W, the following agorithm is used: the width W, in
horizontal scan line units, is added to the value in the Start Vertical Blanking register minus 1. The eight low-order bits

of the result are the 8-bit val ue programmed.

A.3.3.25 CRT Mode Control Register

Address 0x03?4; Data 0x03?5; Index 0x17

7

6 5 4 3 2 1 0

RST

WB ADW — CB2 HRS SRC CMS0

CRT Mode Control Register, Index 0x17

— : Set to 0, Undefined on Read
RST : Hardware Reset
WB : Word/Byte Mode
ADW : Address Wrap
CB2 : Count by Two
HRS : Horizontal Retrace Select
SRC : Select Row Scan Counter
CMSO0 : Compeatibility Mode Support

The register fields are defined asfollows:

RST

WB

ADW

When set to 0, this bit disables the horizontal and verticd retrace signas and forces them to an inac-
tivelevel. When set to 1, this bit enables the horizontal and vertical retrace signals. This bit does not
reset any other registers or signa outputs.

When this bit isset to 0, the word mode is selected. Theword mode shifts the memory-address
counter bits to the left by one bit; the most-significant bit of the counter appears on the
least-significant bit of the memory address outputs.

The doubleword bitin the Underline Location register (0x14) aso controls the addressing. When the
doubleword bit is 0, the word/byte bit selects the mode. When the doubleword bit is set to 1, the ad-
dressing is shifted by two bits.

When set to 1, bit 6 selects the byte address mode.

This bit selects the memory-address bit, bit MA 13 or MA 15, that gppears on the output pin MA 0,
in theword address mode. If the VGA is not in the word address mode, bit O from the address
counter appears on the output pin, MA 0.

When set to 1, this bit selects MA 15. In odd/even mode, this bit should be set to 1 because 256K B
of video memory is installed on the system board. (Bit MA 13 is selected in applications where only
64KB is present. This function maintains compatibility with thel BM Color/Graphics Monitor
Adapter.)
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The register fields are defined asfollows: (Continued)

CB2 When this bit isset to 0, the address counter uses the character clock. When this bit is set to 1, the
address counter uses the character clock input divided by 2. This bit is used to create either abyte or
word refresh address for the display buffer.

HRS This bit selects the clock that controls the vertical timing counter. The clocking is either the horizon-
tal retrace clock or horizontd retrace clock divided by 2. When this bit is set to 1. the horizontal re-
trace clock is divided by 2.
Dividing the clock effectively doubles the vertical resolution of the CRT controller. The vertica
counter has amaximum resolution of 1024 scan lines because the vertical total valueis 10-bits wide.
If the vertical counter is clocked with the horizontal retrace divided by 2, the verticd resolution is
doubled to 2048 scan lines.

SRC This bit selects the source of bit 14 of the output multiplexer. When this bit is set to 0, bit 1 of the
row scan counter is the source. When this bit is set to 1, the bit 14 of the address counter is the
source.

CMS0 This bit selects the source of bit 13 of the output multiplexer. When this bit is set to 0, bit 0 of the
row scan counter is the source, and when this bit is set to 1, bit 13 of the address counter is the
source.

The CRT controller used on the IBM Color/Graphics Adapter was capable of using 128 horizonta
scan-line addresses. For the VGA to obtain 640-by-200 graphics resolution, the CRT controller is
programmed for 100 horizontal scan lines with two scan-line addresses per character row. Row scan
address bit 0 becomes the most-significant address bit to the display buffer. Successive scan lines of
the display image are displaced in 8KB of memory. This bit allows compatibility with the graphics
modes of earlier adapters.

A.3.3.26 Line Compare Register

Address 0x03?4; Data 0x03?75; Index 0x18

7 6 5 4 3 2 1 0

Line Compare

Thisregister contains the eight low-order bits of the 10-bit compare target. When the vertical counter reachesthe tar-
get value, the internal start address of the line counter is cleared. This creates a split screen where the lower screen is
immune to scrolling. Bit 8 is in the Overflow register (index 0x07), and bit 9 is in the Maximum Scan Line register
(index 0x09).

A.3.4 Graphics Controller Registers

The Address register for the graphics controller is at address OXO3CE. The data registers are at address 0x03CF. All
registers are read/write.
Table 366. Graphics Controller Registers

Register Name Address Index
Address 0x03CE —

Set/Reset 0x03CF 0x0

Enable Set/Reset 0x03CF 0x01
Color Compare 0x03CF 0x02
Data Rotate 0x03CF 0x03
Read Map Select 0x03CF 0x04
Graphics Mode 0x03CF 0x05

Miscellaneous 0x03CF 0x06
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Table 366. Graphics Controller Registers (Continued)

Register Name Address Index
Color Don’t Care 0x03CF 0x07
Bit Mask 0x03CF 0x08

A.3.4.1 Address Register
The Address register is at address 0xO3CE

7 6 5 4 3 2 1 0

— — Index

Thisregister isloaded with the index value that points to the desired data register within the graphics controller.

A.3.4.2 Set/Reset Register
Address 0x03CE; Data 0x03CF; Index 0x00

7 6 5 4 3 2 1 0

— — SR3 SR2 SR1 SRO

Set/Reset Register, Index 0x00

— : Setto 0, Undefined on Read
SR3 : Set/Reset Map 3
SR2 : Set/Reset Map 2
SR1 : Set/Reset Map 1
SRO : Set/Reset Map 0

The register fields are defined asfollows:

SR* When write mode 0 is selected, the system writes the value of each set/reset bit to its respective
memory map. For each write operation, the set/reset bit, if enabled, iswritten to all eight bits within
that map. Set/reset operation can be enabled on a map-by-map basis through the Enable Set/Reset
register.

A.3.4.3 Enable Set/Reset Register
Address 0x03CE; Data 0x03CF; Index 0x01

7 6 5 4 3 2 1 0

— — ESR3 ESR2 ESR1 ESRO

Enable Set/Reset Register, Index 0x01

— : Setto 0, Undefined on Read
ESR3 : Enable Set/Reset Map 3
ESR?2 : Enable Set/Reset Map 2
ESR1 : Enable Set/Reset Map 1
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Enable Set/Reset Register, Index 0x01
ESRO : Enable Set/Reset Map 0

The register fields are defined asfollows:

ESR* These bits enable the set/reset function used when write mode 0 is selected in the Graphics Mode
register (index 0x05). When the bitis set to 1, the respective memory map receives the value speci-
fied in the Set/Reset register. When Set/Reset is not enabled for amap, that map receives the value
sent by the system.

A.3.4.4 Color Compare Register
Address 0x03CE; Data 0x03CF; Index 0x02

7 6 5 4 3 2 1 0

— — CcC3 cc2 CC1 CcCco

Color Compare Register, Index 0x02

— : Set to 0, Undefined on Read
CC3 : Color Compare Map 3
CC2 : Color Compare Map 2
CC1 : Color Compare Map 1
CCO : Color Compare Map 0

The register fields are defined asfollows:

CC* These bits are the 4-bit color value to be compared when the read mode bit in the Graphics Mode
register is set to 1. When the system does amemory read, the data returned from the memory cycle
will bealin each bit position where the four maps equal the Color Compare register. | f the read
mode bit is 0, the data is returned without comparison.

All bits of the corresponding map's byte are compared with the color compare bit. Each of the eight
bit pasitionsin the selected byte are compared across the four maps, and a 1 is returned in each posi-
tion where the bits of all four maps equal their respective color compare values.

A.3.4.5 Data Rotate Register
Address 0x03CE; Data 0x03CF; Index 0x03

7 6 5 4 3 2 1 0

Data Rotate Register, Index 0x03

— : Set to 0, Undefined on Read
FS : Function Select
RC : Rotate Count
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The register fields are defined asfollows:

FS Datawritten to the video buffer can be operated on logically by data already in the system latches.
The Function Select field determines whether and how thisis done.
Data can be any of the choices selected by the write mode bits except system |atches, which cannot
be modified. If rotated data is selected aso, the rotate is performed before the logical operation. The
logical operations selected are shown in the following table.

FSField
43 Function
00 Data Unmodified
01 Data ANDed with Latched Data
10 Data ORed with Latched Data
11 Data X ORed with Latched Data

RC In write mode O, these bits select the number of positions the system datais rotated to the right dur-
ing asystem Memory Write operation. To write datathat is not rotated in mode 0, all bits are set to 0.

A.3.4.6 Read Map Select Register
Address 0x03CE; Data 0x03CF; Index 0x04

7 6 5 4 3 2 1 0

Read Map Select Register, Index 0x04

— : Set to 0, Undefined on Read
MS : Map Select

The register field isdefined as follows:

MS These bits select the memory map for system read operations. Thisregister has no effect on the color
compare read mode. In odd/even modes, the value can be abinary 00 or 01 to select the chained
maps 0, 1 and the value can be abinary 10 or 11 to select the chained maps 2, 3.

A.3.4.7 Graphics Mode Register
Address 0x03CE; Data 0x03CF; Index 0x05

7 6 5 4 3 2 1 0

— C256 SR OE RM — WM

Graphics Mode Register, Index 0x05

— : Set to 0, Undefined on Read
C256 : 256 - Color Mode

SR : Shift Register Mode

OE : Odd/Even

RM : Read Mode

WM : Write Mode
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The register fields are defined asfollows:

C256

SR

OE

RM

WM

When set to 0, this bit allows bit 5 to control the loading of the shift registers. When set to 1, this bit
causes the shift registers to be loaded in a manner that supports the 256-color mode.

When set to 1, this bit directs the shift registers in the graphics controller to format the serial data
stream with even-numbered bits from both maps on even-numbered maps, and odd-numbered bits
from both maps on the odd-numbered maps. This bit is used for modes 4 and 5.

When set to 1, this bit selects the odd/even addressing mode used by the | BM Color/Graphics Mon-
itor Adapter. Normally, the value here follows the value of Memory Mode register bit 2 in the se-
quencer.

When this bit is set to 1, the system reads the results of the comparison of the four memory maps and
the Color Compare register.

When this bit is set to 0, the system reads data from the memory map selected by the Read Map Se-
lect register, or by the two low-order bits of the memory address (this selection depends on the
chain-4 bit in the Memory Mode register of the sequencer).

The write mode selected and its operation are defined below. The logic operation specified by the
function select bitsis performed on system datafor modes 0, 2, and 3.

WM Field Mode Description

00 Each memory map is written with the system data rotated by the
count in the Data Rotate register. | f the set/reset function is en-
abled for a specific map, that map receives the 8-bit value con-
tained in the Set/Reset register.

01 Each memory map is written with the contents of the system
latches. These latches are loaded by asystem Read operation.

10 Memory map n (0 through 3) is filled with eight bits of the value
of databit n.

11 Each memory map is written with the 8-bit value contained in the

Set/Reset register for that map (the Enable Set/Reset register has
no effect). Rotated system datais ANDed with the Bit Mask reg-
ister to form an 8-bit vaue that performs the same function as the
Bit Mask register in write modes 0 and 2 (see also “Bit Mask
Register” on page 226).

A.3.4.8 Miscellaneous Register

Address 0x03CE; Data 0x03CF; Index 0x06

7

6 5 4 3 2 1 0

Miscellaneous Register, Index 0x06

— : Set to 0, Undefined on Read
MM : Memory Map

OE : Odd/Even

GM : Graphics Mode
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The register fields are defined asfollows:

MM These bits control the mapping of the regenerative buffer into the system address space. The bit
functions are defined below.

MM Field
32 Addressing Assignment
00 A0000 for 128K B
01 A0000 for 64KB
10 B000O for 32 KB
11 B8000 for 32 KB

OE When set to 1, this bit directs the system address bit, A0, to be replaced by ahigher-order bit. The
odd map is then selected when A0 is 1, and the even map when AQis 0.

GM This bit controls a phanumeric mode addressing. When set to 1, this bit sel ects graphics modes,
which also disables the character generator latches.

A.3.4.9 Color Don't Care Register
Address 0x03CE; Data 0x03CF; Index 0x07

7 6 5 4 3 2 1 0

Color Don't Care Register, Index 0x07

— @ Set to 0, Undefined on Read
M3 : Compare Map 3
M2 : Compare Map 2
M1 : Compare Map 1
MO : Compare Map O

The register fields are defined asfollows:

M* These bits select whether amap is going to participate in the color compare cycle. When the bit is set
to 1, the bits in that map are compared.

A.3.4.10 Bit Mask Register
Address 0x03CE; Data 0x03CF; Index 0x08

7 6 5 4 3 2 1 0

Bit Mask

When the bit is set to 1, the corresponding bit position in each map can be changed. When the bit set to 0, the bit
position in the map is masked to prevent change, provided that the location being written was the last location read by
the system microprocessor.

The bit mask applies to write modes 0 and 2. To preserve bits using the bit mask, data must be latched internally by
reading the location. When data is written to preserve the bits, the most current data in the latches is written in those
positions. The bit mask appliesto all maps simultaneously.



A.3 Registers 227

A.3.5 Attribute Controller Registers

Each register for the attribute controller has two addresses. Address 0x03CO is the write address and 0x03CL1 is the
read address. Theindividual dataregisters are selected by writing their index to the Address register (0x03CO).
Table 367. Attribute Controller Registers:

Write Read

Register Name Address  Address Index
Address 0x03CO  0x03CO —
Internal Palette 0x03CO  0x03Cl  0xO0-OxOF
Attribute Mode Control 0x03CO0  0x03Cl 0x10
Overscan Color 0x03CO0  0x03Cl 0x11
Color Plane Enable 0x03CO0  0x03Cl 0x12
Horizontal PEL Panning 0x03CO0  0x03Cl 0x13
Color Select 0x03CO  0x03Cl 0x14

A.3.5.1 Address Register
This read/write register is at address 0x03CO.

The attribute controller registers do not have an input bit to control selection of the address and data registers. An
internal address flip-flop controls this selection. Reading Input Status Register 1 clears the flip-flop and selects the
Addressregister.

After the Address register has been loaded with the index, the next Write operation to 03CO loads the data register.
The flip-flop toggles for each Write operation to address 0x03CO. It does not toggle for Read operations to 03CO or
03C1.

— — IPAS Index

Address Register

— : Set to 0, Undefined on Read
IPAS : Internal Palette Address Source

The register fields are defined asfollows:

IPAS This bit isset to 0 to load color values to the registers in the internal palette. Itis set to 1 for normal
operation of the attribute controller.
Note: Do not access the internal palette while this bit is set to 1. While thisbit is 1, the Type 1 video
subsystem disables accesses to the pal ette; however, the Type 2 does not, and the actua color value
addressed cannot be ensured.

Index These bits contain the index to the dataregisters in the attribute controller.

A.3.5.2 Internal Palette Registers 0 through F
Write 0x03CO0; Read 0x03C1; Index 0x00-0x0F

7 6 5 4 3 2 1 0

— — P5 P4 P3 P2 P1 PO




228 Appendix A VGA Programming Model

Internal Palette Registers

— : Set to 0, Undefined on Read
P5 to PO : Palette Data

The register fields are defined asfollows:

P5-PO

These 6-bit registers allow a dynamic mapping between the text attribute or graphic color input
value and the display color on the CRT screen. When set to 1, this bit selects the gppropriate color.
Thelnternal Palette registers should be modified only during the vertical retrace interva to avoid
problems with the displayed image. These internal palette values are sent off-chip to the video DAC,
where they serve as addresses into the DAC registers.

Bit Color

0 Blue
Green
Red
Secondary Blue
Secondary Green
Secondary Red

s WN P

Software | mplementation Note: These regi sters can be accessed only when bit 5 inthe Addressregister is set to
0. When the bit is 1, writes are "don't care" and reads return undefi ned data.

A.3.5.3 Attribute Mode Control Register

Write 0x03CO; Read 0x03C1; Index 0x10.

7

6 5 4 3 2 1 0

PS

PW PP — EB ELG ME G

Attribute Mode Control Register

— : Set to 0, Undefined on Read

PS : P5, P4 Select

PW : PEL Width

PP : PEL Panning Compatibility

EB : Enable Blink/Select Background Intensity
EL G : EnableL ine Graphics Character Code
ME : Mono Emulation

G : Graphicg/Alphanumeric Mode

The register fields are defined asfollows:

PS

PP

This bit selects the source for the P5 and P4 video bits that act as inputs to the video DAC. When this
bit is set to 0, P5 and P4 are the outputs of the Internal Palette registers. When this bit isset to 1, P5
and P4 are bits 1 and 0 of the Color Select register.

When this bit is set to 1, the video datais sampled so that eight bits are available to select a color in
the 256-color mode (0x13). This bit is set to 0in all other modes.

When this bit isset to 1, asuccessful line-comparein the CRT controller forces the output of the
PEL Panning register to O until avertical synchronization occurs, at which time the output returnsto
its programmed value. This bit alows aselected portion of ascreen to be panned.

When this bit isset to 0, line compare has no effect on the output of the PEL Panning register.
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The register fields are defined asfollows: (Continued)

EB When this bit is set to 0, the most-significant bit of the attribute selects the background intensity (al-
lows 16 colorsfor background). When set to 1, this bit enables blinking.

ELG When this bit is set to 0, the ninth dot will be the same as the background. When set to 1, this bit en-
ables the special line-graphics character codes for the monochrome emulation mode. This emulation
mode forces the ninth dot of aline graphic character to be identica to the eighth dot of the character.
The line-graphics character codes for the monochrome emulation mode are 0xCO through OxDF.
For character fonts that do not utilize these line-graphics character codes, bit 2 should be set to 0 to
prevent unwanted video information from displaying on the CRT screen.

BIOS will set thisbit, the correct dot clock, and other registers when the 9-dot alphanumeric modeis
selected.

ME When this bit is set to 1, monochrome emulation modeis selected. When this bit is set to 0, color
emulation mode is selected.

G When set to 1, this bit selects the graphics mode of operation.

A.3.5.4 Overscan Color Register
Write 0x03CO0; Read 0x03C1; Index Ox11.

7 6 5 4 3 2 1 0

Overscan Color

These hits select the border color used in the 80-column alphanumeric modes and in the graphics modes other than
modes 4, 5, and D. (Selects a color from one of the DAC registers.)

A.3.5.5 Color Plane Enable Register
Write 0x03CO; Read 0x03C1; Index 0x12.

7 6 5 4 3 2 1 0

ECP

Color Plane Enable Register

— : Set to 0, Undefined on Read
ECP : Enable Color Plane

The register field isdefined as follows:
ECP Setting a bit to 1, enables the corresponding display-memory color plane.

A.3.5.6 Horizontal PEL Panning Register

Write 0x03CO; Read 0x03C1; Index 0x13.

7 6 5 4 3 2 1 0

HPP
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Attribute Mode Control Register

— : Set to 0, Undefined on Read
HPP : Horizontal PEL Panning

The register field isdefined as follows:

HPP These bits select the number of pels that the video datais shifted to the left. PEL panning isavailable
in both aphanumeric and graphics modes. The following table shows the number of bits shifted for
each mode.

Table368. Image Shifting

Number of Pels Shifted to the Left

Register Vaue Mode Hex AN All Other
13 Modes* Modes
0 0 1 0
1 — 2 1
2 1 3 2
3 — 4 3
4 2 5 4
5 — 6 5
6 3 7 6
7 — 8 7
8 — 0 _

* Only mode 7 and the A/N modes with 400 scan lines.

A.3.5.7 Color Select Register
Write 0x03CO; Read 0x03C1; Index 0x14.

7 6 5 4 3 2 1 0

— — — — SC7 SC6 SC5 SC4

Color Select Register

— : Set to 0, Undefined on Read
SC7 : S color 7
SC6 : S color 6
SC5 : S color 5
SC4 : S color 4
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The register fields are defined as follows:

SC7, SC6 Inmodes other than mode 13 hex, these are the two most-significant bits of the 8-bit digital color
vaueto thevideo DAC. In mode 13 hex, the 8-bit attributeis the digital color value to the video
DAC. These bits are used to rapidly switch between sets of colorsin the video DAC.

SC5, SC4 These bits can be used in place of the P4 and P5 bits from the Interna Pelette registers to form the
8-bit digital color valueto the video DAC. Selecting these bits is donein the Attribute M ode Control
register (index 0x10). These bits are used to rapidly switch between colors sets within the video
DAC.

A.3.6 Video Digital to Analog Converter

The video digital-to-analog converter (DAC) integrates the function of a color palette and three internal DACs for
driving an analog display. The DAC has 256 registers containing 18 bits each to allow the display of up to 256 colors
from a possible 256K colors.

Table369. DAC Registers

] Read/
Register Name Write Address
Palette Address (Write Mode) R/W 0x03C8
Palette Address (Read Mode) W 0x03C7
DAC State R 0x03C7
Palette Data RIW 0x03C9
Pel Mask R 0x03C6
A.3.6.1 Palette Address Write Mode Register
Read/Write Address 0x03C8
7 6 5 4 3 2 1 0

Palette Address

This register contains the 8-bit address used to access the 256 color registers during a write operation. Color data
from the Palette Data Register is loaded into the palette registers in three separate output cycles per write operation. At
the end of the third output to the Palette Data Register, the Palette Address Register will automatically increment.

A.3.6.2 Palette Address Read Mode Register

Write Address 0x03C7

7 6 5 4 3 2 1 0

Palette Address

This register contains the 8-bit address used to access the 256 color registers during a read operation. Color data
from the palette registersisloaded into the Palette Data Register in three separate output cycles per write operation. At
the end of the third output to the Palette Data Register, the Palette Address Register will automatically increment.
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A.3.6.3 DAC State Register
Read Address 0x03C7

7 6 5 4 3 2 1 0

— — — — — — STA

Thisis aread-only register that returns the last active operation in bits 1 and 0. If the last operation was a read oper-
ation, both bits are set to 1. If the last operation was a write, both bits are set to 0.

A.3.6.4 Palette Data Register
Read/Write Address 0x03C9

7 6 5 4 3 2 1 0

Palette Data

The Palette Data Register is realy 18 bits wide to correspond to the three 6-bit RGB representations in the palette
registers. Since the system interface is 8 bits, three read/write operations are needed to access this register for each pal-
ette register.

A.3.6.5 Pel Mask Register
Read Address 0x03C6

7 6 5 4 3 2 1 0

Pel Mask

Thisread only register isinitialized by the mode set software and should not be further modified.

A.3.6.6 Device Operation

The palette address (P7 - P0) and the blanking input are sampled on the rising edge of the PEL clock. After three
more PEL clock cycles, the video reflects the state of these inputs.

During normal operation the palette address is used as a pointer to one of the 256 data registers in the palette. The
valuein each data register is converted to an analog signal for each of the three outputs (red, green, blue). The blanking
input is used to force the video output to O volts. The blanking operation is independent of the palette operation.

Each data register is 18 bits wide: 6 bits each for red, green, and blue. The data registers are accessible through the
system interface.

A.3.6.7 Video DAC to System Interface

The Palette Address register holds an 8-bit value that is used to address alocation within the video DA C. The Palette
Address register responds to two addresses; the address depends on the ty pe of palette access, Read or Write. Once the
address is loaded, successive accesses to the data register automatically increment the address register.
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For palette Write operations, the address for the Palette Addressregister is 0x03C8. A write cycle consists of writing
three successive bytes to the Data register at address 0x03C9. The six least-significant bits of each byte are concate-
nated to form the 18-bit palette data. The order is red value first, then green, then blue.

For palette Read operations, the address for the Palette Address register is 0x03C7 (in the read mode, the Palette
Addressregister iswrite only). A read cycle consists of reading three successive bytesfrom the Dataregister at address
0x03C9. The six least-significant bits of each byte contain the corresponding color value. The order is red value first,
then green, then blue.

If the Palette Address register is written to during a Read or Write cycle, anew cycleisinitialized and the unfinished
cycle is terminated. The effects of writing to the Data register during a Read cycle or reading from the Data register
during a Write cycle are undefined and can change the palette contents.

The DAC State register is aread-only register at address 0x03C7. Bits 1 and O return the last active operation to the
DAC. If the last operation was a Read operation, both bits are set to 1. If the last operation was a Write, both bits are set
to 0.

Reading the Read Palette Address register at 0x03C8 or the DAC State register at 0x03C7 does not interfere with
read or write cycles.

A.3.6.8 Programming Considerations

As explained in “Video DAC to System Interface” on page 232, the effects of writing to the Data register during a
read cycle or reading from the Data register during a write cycle are undefined and can change the palette contents.
Therefore, the following sequence must be followed to ensure the integrity of the color palette during accessesto it:

1. Disable interrupts.
2. Write the address to PEL Address register.

1

2

3. 3. Write or read three bytes of data.

4. 4.Goto Step 2, repeat for the desired number of locations.
5

5. Enableinterrupts.

All accesses to the DA C registers are byte-wide |/O operations.

To prevent "snow" on the screen, an application reading data from or writing datato the DA C registers should ensure
that the blank input to the DAC is asserted. This can be accomplished either by restricting data transfers to retrace
intervals (use Input Status register 1 to determine when retrace is occurring) or by using the Screen Off bit located in
the Clocking Mode register in the sequencer.

Do not write to the PEL Mask register (0x03C6). Palette information can be changed as aresult. This register is cor-
rectly initialized to OXFF during amode set.

A.4 VGA Programming Considerations
The following are some programming considerations for the VGA:

1. Thefollowing rules must be followed to guarantee the critical timings necessary to ensure the proper opera-
tion of the CRT controller:

a.  Thevaluein the Horizontal Total register must be at least 0x19.
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b.  Theminimum positive pulse width of the 'horizontal synchronization' signal must be four character clock
units.

c. TheEnd Horizontal Retrace register must be programmed such that the "horizontal synchronization' signal
goesto O at least one character clock time before the 'horizontal display enable' signal goes active.

d. TheEnd Vertical Blanking register must be set to aminimum of one horizontal scan line greater than the
line-compare value.

2. When PEL panning compatibility isenabled in the Attribute Mode Control register, asuccessful line compare
in the CRT controller forces the output of the Horizontal PEL Panning register to O's until avertical synchro-
nization occurs. When the vertical synchronization occurs, the output returns to the programmed value. This
allows the portion of the screen indicated by the Line Compare register to be operated on by the Horizontal
PEL Panning register.

3. A writeto the Character Map Select register becomes valid on the next whole character line. Thiswill pre-
vent deformed character images when changing character generators in the middle of a character scan line.

4. For mode 13 hex, the attribute controller is configured so that the 8-bit attribute in video memory becomes
the 8-bit address (PO-P7) into the video DAC. The user should not modify the contents of the Internal Palette
registers

5. Thefollowing is the sequence for accessing the attribute data registers:
e 1. Disableinterrupts.
e 2. Reset the flip-flop for the Attribute Address register.
e 3. Write theindex.
e 4. Accessthe dataregister.
« 5. Enableinterrupts.

6. * The Color Select register in the attribute controller section allows the programmer to rapidly switch color
setsin the video DAC. Bit 7 of the Attribute Mode Control register controls the number of bitsin the Color
Select register used to address the color information in the video DAC (either two or four bits are used). By
changing the value in the Color Select register, an application can switch color sets in graphics and al phanu-
meric modes (mode 13 hex does not use this feature).

For multiple color sets, the user must | oad the color values.

7. Anapplication that saves the video state must store the four bytes of information contained in the system mi-
croprocessor latches in the graphics controller subsection. These latches are loaded with 32 bits from video
memory (8 bits per map) each time the system reads from video memory. The application needs to:

a  Usewrite mode 1 to write the values in the latches to alocation in video memory that is not part of the dis-
play buffer, such as the last location in the address range.

b. Savethevalues of the latches by reading them back from video memory.

If memory addressing isin the chain-4 or odd/even mode, reconfigure the memory as four sequentia maps prior
to performing the sequence above.

8. TheHorizontal PEL Panning register allows programs to control the starting position of the display area on
the screen. The display area can be shifted to the left up to eight PEL positions. In single-byte shift modes, to
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pan to the PEL position above 8, the CRT controller start address isincremented and the PEL Panning regis-
terisreset to 0.

In multiple shift modes, the byte-panning bits (in the Reset Row Scan register) are used as extensionsto the
Horizontal PEL Panning register. This allows panning across the width of the video output. For example, in
the 32-bit shift mode, the byte pan and pel-panning bits provide panning up to 31 bits. To pan from position
31to 32, the CRT controller start address isincremented and the panning bits, both PEL and byte, arereset to
0.

Further panning can be accomplished by changing the start-address value in the CRT controller registers,
Start AddressHigh and Start Address L ow. The sequenceis:

1. UsetheHorizontal PEL Panning register to shift the maximum number of bits to the left.
2. Increment the start address.
3. SettheHorizontal PEL Panning register so that no bits are shifted.
The screen will now be shifted one PEL to the left of the position it wasin at the end of Step 1. Step 1
through Step 3 are repeated as of ten as necessary.

4. When using a split-screen application that scrolls a second screen on top of the first screen and operatingin a
mode with 200 scan lines, the Line Compare register (CRT Controller register 0x19) must contain an even
value. Thisisaregquirement of the double scanning logic in the CRT controller.

5. If thevaluein the Cursor Start register (CRT Controller register 0xOA) is greater than that in the Cursor End
register (CRT Controller register 0xOB), the cursor is not displayed.

6. In 8-dot character modes, the underline attribute produces a solid line across adjacent characters. In 9-dot
character modes, the underline across adjacent charactersis dashed. I n 9-dot modes with the line-graphics
characters (CO - DF character codes), the underline is solid.

A.4.1 Programming the Registers

Each of the video components has an address register and a number of data registers. The data registers have
addresses common to all registers for that component. The individual registers are selected by a pointer (index) in its
Address register. To write to a data register, the Address register is loaded with the index of the desired data register,
then the data register isloaded by writing to the common 1/O address.

The general registers do not share a common address; they each have their own 1/O address.
See “Video DAC to System Interface” on page 232 for details on programming the video DAC.

For compatibility with the IBM Enhanced Graphics Adapter (EGA), the internal video subsystem palette is pro-
grammed the same asthe EGA. Using BIOS to program the palette will produce a color compatible to that produced by
the EGA. mode 13 hex (256 colors) is programmed so that the first 16 locations in the DA C produce compatible colors.

When BIOS is used to load the color palette for a color mode and a monochrome display is attached, the color pal-
ette is changed. The colors are summed to produce shades of gray that allow color applications to produce a readable
screen.

Modifying the following bits must be done while the sequencer is held in a synchronous reset through its Reset reg-
ister:

« Bits3and O of the Clocking Mode register.

« Bits3and 2 of the Miscellaneous Output register.
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A.4.2 RAM Loadable Character Generator

The character generator is RAM loadable and can support characters up to 32 scan lines high. Three character fonts
are stored in BIOS, and one is automatically loaded when an alphanumeric mode is selected. The Character Map Select
register can be programmed to redefine the function of bit 3 of the attribute byte to be a character-font switch. This
allows the user to select between any two character setsresiding in map 2, and effectively gives the user accessto 512
characters instead of 256. Character fonts can be loaded off-line, and up to eight fonts can be loaded at any onetime.
The character generator isin map 2 and must be protected using the map mask function.

A.4.3 Creating a Split Screen

The VGA hardware supports a split screen. The top portion of the screen is designated as screen A, and the bottom
portion is designated as screen B.

The following figure shows the screen mapping for a system containing a 32KB al phanumeric storage buffer, such
as the VGA. Information displayed on screen A is defined by the Start Address. High and Low registers of the CRT
controller. Information displayed on screen B always begins at video address 0x0000.

0000H
Screen B
Buffer Storage Area
OFFFH
1000H
Screen A
Buffer Storage Area
TFFFH

The Line Compare register of the CRT controller performsthe split screen function. The CRT controller has an inter-
nal horizontal scan line counter and logic that compares the counter value to the value in the Line Compare register and
clears the memory address generator when a comparison occurs. The linear address generator then sequentially
addresses the display buffer starting at location 0. Each subsequent row address is determined by the 16-bit addition of
the start-of-line latch and the Off set register.

Screen B can be smoothly scrolled onto the display by updating the Line Compare register in synchronization with
the'vertical retrace' signal. Screen B information is not affected by scrolling operations that use the Start Address reg-
istersto scroll through the screen A information.

When pel-panning compatibility is enabled (Attribute Mode Control register), a successful line comparison forces
the output of the Horizontal PEL Panning register to O's until vertical synchronization occurs. This feature allows the
information on screen B to remain unaffected by pel-panning operations on screen A.
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This appendix lists all the requirements of this architecture. The requirements are collected under the chapter head-
ing. This appendix may be used for a quick reference list of al requirements for building a standard platform. The re-
quirements list follows:

Chapter 1 General Requirements and Information

1-1.

1-2.

1-3.

The interfaces define in this document must not be accessed by RTAS or marked as used-by-rtas
with two exception asfollows:

a.  Any RTAS service that does not return to the operating system may access any interface.

The interfacesin Chapter 13, “Graphics,” on page 161 may be accessed by the RTAS display-charac-
ter function, if the graphicsinterface in the Open Firmware device tree node does not contain the
used-by-rtas property, but is the device indicated by the rtas-display-device property.

If the implementation of the devices in this document have additional registers which are not part of the
programming model given in this document, then these registers must not be required for correct operation
of the device by the operating system and they must all be declared in the Open Firmware device tree to
prevent other devices from being assigned to their addresses.

Any controller not contained on standard adaptor cards for their 1/0 bus must have the builtin
property.

Chapter 2 ISA DMA Controller

2-1

2-2.

2-3.

24

2-5.

An|SA DMA Controller must be compatible with the Intel 82378ZB System 1/O (Sl O), except as
noted in the following requirements in this chapter.

This device (ISA DMA Controller) must be addressed only with | SA 1/0 addresses.

This device must be represented by the Open Firmware properties “name=dma-controller,
device_type=dma-controller, compatible= chrp,dma’.

This device must have the Open Firmware properties defined in CHRP 1SA DMA Controller
Device Binding to: | EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware.

The registers shown in Table 2 on page 5, Register Map for ISA DMA Device, must all be present
in the device defined in this chapter.



238 Appendix B Requirements Summary

2-6.

2-1.

2-8.

2-10.

2-11.

2-12.

2-13.

2-14.
2-15.

2-16.

2-17.

2-18.

2-19.

All the reg property fields specified in Table 2 on page 5 must comply with the format given in the ISA Bus
Binding to: |EEE 1275-1994 Standard for Boot (I nitialization, Configuration) Firmware.

This device must be represented asan | SA device and a child of an | SA bridge node in the Open
Firmware device tree.

For ISA DMA, the DACK# signal must be active low.

For ISA DMA, the DREQ signal must be active high.

For ISA DMA, software must assume the terminal count (TC) is an output from the DMA controller. This
means some | SA devices may not work if they depend on TC being an input to the DMA controller.

For 1SA DMA, a hardware design must not produce an error if Ob0 iswritten to bit 6 of DCEM1 or
DCEM2.

For operationsinvolving ISA DMA slave devices, software must assume the hardware only allows ad-
dressing modes asfollows:

a. Channels 0-3 are 8-bit count by bytes addressing mode. The DMA address, count, and page registers
must be programmed accordingly.

b. Channels 5-7 are 16-bit count by word (2 bytes) addressing mode. The DMA address, count, and page
registers must be programmed accordingly.

c. 16-bit count by bytes addressing mode is not supported.

For ISA DMA, a hardware design must not produce an error if 0b0O iswritten to bits[3:2] of DCEM1, or
if Ob01 is written to bits[3:2] of DCEM2.

Software must assume the DMA Write All Mask Bits Registers (WAM1, WAM?2) are write-only.

During Scatter/Gather operations, the High Page Registers (described in Section 2.4.13, “Current
High Page Register 0 (CHIP0),” on page 13 through Section 2.4.14, “Current High Page Register
1-7 (CHIP1-CHIP?7),” on page 14) and L ow Page Registers (described in Section 2.4.9, “ Current
L ow Page Register 0 (CLOPO0),” on page 12 through Section 2.4.10, “ Current Low Page Register
1-7 (CLOP1-CLOP7),” on page 13) must increment appropriately as part of the full 32 bit transfer
address.

Scatter/Gather Descriptor: The Memory Buffer Starting Physical Addressfield in the SGD must
be programmed as follows:

a.  For 8-bit count by byte operations, this field is programmed with the byte address of the buffer to be
transferred. The address may be even or odd.

b. For 16-bit count by word operations, thisfield is programmed with the even byte address of the buffer
to betransferred. Thus, bit 0 in thisfield will be 0.

IRQ 13 must be reserved for the |ISA DMA device.
The Scatter/Gather Descriptor Table Pointer Registers must be programmed with a single 32-bit write.

Thel SA DMA Controller must not preclude an | SA bus master from using any of the seven
available DMA channels, regardless of addressing mode.
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2-20.

Thel SA DMA hardware must provide at least 24-bit addressing to system memory for ISA bus
masters.

Chapter 3 Floppy Disk Controller

31

32

33

3-5.

3.

3-9.

3-10.

3-11.

3-12.

3-13.

3-14.

A Floppy Disk Controller that is compliant with the interfaces as defined in this section must be
represented in the Open Firmware device tree for the auto-eject version of the device as identified
by the following properties; name=fdc, device_type=fdc, and compatible=chrp,fdc. For the non-
auto-gject version of the device, it is represented by the following properties; name=fdc,
device_type=fdc, and compatible=pnpPNP,700.

The firmware must configure the Floppy Disk Controller in the PS/2™ mode, with enhanced auto-eject or
without auto-gject.

This device must be addressed purely with 1SA 1/0 addresses which can be aliased or non-aliased.

DMA transfers for the floppy disk controller must be 8-bit DMA slave and must support at |east the | SA
Compatible Timing mode.

I nterrupts generated by the floppy disk controller must be high true edge sensitive.

The floppy disk controller must support 3.5 inch media with an unformatted capacity of 2
megabytes and a formatted capacity of 1.44 megabytes.

The floppy disk controller must support the 3.5 inch media with an unformatted capacity of 4
megabytes and a formatted capacity of 2.88 megabytes for purposes of floppy disk port tape
backup units.

The three sets of registers shown in Table 52 on page 33 must be present in the Open Firmware
device tree for the auto-gject version of the device as identified by the following properties;
name=fdc, device_type=fdc, and compatible=chrp,fdc.

Thefirst two sets of registers shown in Table 52 on page 33 must be present in the Open Firmware device
tree for the non-auto-gject version of the device asidentified by the following properties; name=fdc,
device_type=fdc, and compatible=pnpPNP,700.

This device must be represented as an | SA device and a child of an | SA bridge node in the Open Firmware
device tree.

A floppy disk controller must be reported in the Open Firmware device tree as specified in the
CHRP | SA Floppy Device Binding [16].

For the device described herein, al the registers defined in Section 3.4.1, “ Status Register A
(SRA),” on page 33 through Section 3.4.10, “ Autogject Register (AEJ),” on page 41 must be
implemented as described herein.

For the device described herein, the commands described in Section 3.5.1.1, “Configure
Command,” on page 43 through Section 3.5.1.22, “Write Deleted Data Command,” on page 55
must be implemented as specified.

For the device described herein, the Command Status Registers described in Section 3.5.2.1,
“Status Register 0 (ST0),” on page 56 through Section 3.5.2.4, “ Status Register 3 (ST3),” on
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page 58 must be implemented as specified.

3-15. Thedisk drive must be configured in a manner such that the Disk in Place signal, on the drive, is
functionally astateindicator of the presence of media. The signal must assert an active level when
adisk is present in the drive and an inactive level when thereisno disk in the drive.

Chapter 4 Legacy Interrupt Controller

4-1. The Legacy Interrupt Controller must be represented by the Open Firmware properties
“name=interrupt-controller, device_type=interrupt-controller, compatible=chrp,iic”.

4-2. The Legacy Interrupt Controller registers specified herein must be implemented precisely as defined,
including the following characteristics and bit definitions:

a Table 129, “Initialization Command Word 1 Register (ICW1) Characteristics,” on page 68
b. Table 130, “Initialization Command Word 1 Register (ICW1),” on page 68
c. Table 131, “Initialization Command Word 2 Register (ICW2) Characteristics,” on page 68
d. Table 132, “Initialization Command Word 2 Register (ICW2),” on page 68

e. Table 133, “Initialization Command Word 3 Register (I CW3) Characteristics,” on page 69.
f. Table 134, “Initialization Command Word 3 Register (ICW3),” on page 69

g. Table 135, “Initialization Command Word 4 Register (I CW4) Characteristics,” on page 69
h. Table 136, “Initialization Command Word 4 Register (ICW4),” on page 70

i. Table 137, “Operation Command Word 1 Register (OCW1) Characteristics,” on page 70
j.  Table 138, “Operation Command Word 1 Register (OCW1),” on page 70

k. Table 140, “Operation Command Word 2 Register (OCW2) Characteristics,” on page 71
|.  Table 141, “Operation Command Word 2 Register (OCW2),” on page 71

m. Table 144, “Operation Command Word 3Register (OCW3) Characteristics,” on page 72

n. Table 145, “Operation Command Word 3 Register (OCW3),” on page 73

0. Table 149, “Interrupt Reguest Register (IRR) Characteristics,” on page 74

Table 143, “Interrupt Level Select Encodings,” on page 72

o

Table 151, “In-Service Register (I SR) Characteristics,” on page 75

=

Table 143, “Interrupt Level Select Encodings,” on page 72

s. Table 153, “Edge/Level Interrupt Control Register 1 (EL11) Characteristics,” on page 76
t. Table 154, “Edge/L evel Interrupt Control 1 Register (EL11),” on page 76

u. Table 155, “Edge/Level Interrupt Control 2 Register (EL12) Characteristics,” on page 76
v. Table 156, “Edge/L evel Interrupt Control 2 Register (EL12),” on page 76
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4-3.

4-5.

4-7.

4-9.

4-10.

4-11.

4-12.

4-13.

4-14.

4-15.

4-16.

This device must be addressed purely with | SA 1/0 addresses.

The registers shown in Table 125 on page 63 must all be present in the device defined in this
chapter. The Open Firmware “reg” property information given in Table 125 on page 63 must be
provided in the Open Firmware device treefor this device.

This device must be represented as an | SA device and achild of the ISA bridge node in the Open Firmware
device tree.

This device must be represented in the OF device tree as specified in the CHRP | SA Interrupt Controller
Device Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware.

All thereg property fields specified in table Table 125 on page 63 must comply with the format giveninthe
ISA (or PCI) bus binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std 1275-
1994.

The following events must occur during the OF initialization sequence:

a Thelevel sense circuit must be set to the Edge-sensitive mode (following the initialization procedure,
interrupts are generated by a low-to-high transition high level on the interrupt request input.)

b. IRQ7 must be assigned priority 7.
c. PIC2(dave) mode address must be set to 7.

d. The Specia Mask mode must be cleared and the controller must be set to read the | nterrupt Request
register.

e. All Legacy Interrupt Controller registers must be initialized to the values indicated in the “Value in
Register When OF Passes Control to OS” column of the characteristics table corresponding to the spe-
cific register.

P C1 (master) interrupt controller must be initialized before Pl C2 (slave) interrupt controller.
Failure to do so will cause unexpected results.
The Interrupt Controller must respond to a Non-specific EOl command by resetting the highest

in-service bit of those set.

The I nterrupt Controller must respond to a Specific EOl command by resetting the in-service bit that
corresponds to the one specified by the command, except that an in-service bit masked by an I nterrupt
Mask register bit cannot be reset by a Non-specific EOl command when in the Special Mask mode.

The Interrupt Vector which is returned by the I nterrupt Controller on an | nterrupt A cknowledge
cycle must be as defined in Table 126 on page 65.

For the device described herein, all the registers defined in sections 4.4.1.1 through 4.4.1.4 must
be implemented precisely as described herein.

During the initialization sequence | CW1 must be written before writing |CW2, | CW2 must be
written before writing |CW3, and | CW3 must be written before writing | CW4.

For the device described herein, all the registers defined in sections 4.4.2.1 through 4.4.4 must be
implemented precisely as described herein.

Writing of OCW1 must be performed before the OCW2 and OCWSa3 registers are accessed, and
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following the | CW1-4 initialization sequence.

4-17. When anin-service hit isset to 1, the I nterrupt Controller must inhibit all other interrupts with the

same or lower priority.

4-18. When anin-service bitis set to 1, the I nterrupt Controller must allow interrupts with a higher

priority to cause an interrupt.

4-19. For the device described herein, all the registers defined in sections 4.4.5.1 through 4.4.5.2 must

be implemented precisely as described herein.

Chapter 5 Parallel Port Controller

5-1

5-2.

53

5-5.

5-7.

The Parallel Port Controller must be represented by the Open Firmware properties
“name=parallel, device_type=parallel, compatible=chrp,ecp”. The compatible property may also
specify the compatible property for the National Semiconductor 87308 in addition to “chrp,ecp”.

The Parallel Port Controller must protect against damage to the Parallel Port Controller electronicsin the
case where the device attached to the Parallel Port hasits power on and the Parallel Port Controller hasiits
power off.

The device described herein must support the following modes as defined by the IEEE 1284 Specification:
Compatibility mode, Nibble mode (Compatibility mode along with Nibble mode are called Standard
Parallel Port, SPP, in this specification), Byte mode (called SPP Extended mode in this specification),
Enhanced Parallel Port (EPP) mode (version 1.9), and Extended Capabilities Port (ECP) mode.

The device described herein must aso support the following modes as described herein: Parallel Port FIFO
mode and Test FI FO mode.

This device must be addressed purely with | SA 1/0 addresses which can be aliased or non-aliased.

DMA transfers fro the Parallel Port Controller must be 8-bit DMA slave and must support at least the | SA
Compatible Timing mode.

Interrupts generated by the Parallel Port Controller must be high true edge sensitive.

The Parallel Port Controller registers specified herein must be implemented precisely as defined, including
the following characteristics and bit definitions:

a. Table 160, “Data Register (DTR) Characteristics,” on page 84

b. Table 161, “Data Register (DTR),” on page 84

c. Table 162, “Status Register (STR or DSR) Characteristics,” on page 85
d. Table 163, “Status Register (STR or DSR),” on page 85

e. Table 164, “Control Register (CTR or DCR) Characteristics,” on page 85

f. Table 165, “Control Register (CTR or DCR),” on page 86

g. Table 166, “Extended Control Register (ECR) Characteristics,” on page 87
Table 167, “Extended Control Register (ECR),” on page 87

i. Table 168, “EPP Address Register (ADDR) Characteristics,” on page 88
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5-9.

5-10.

5-11.

5-12.

5-13.

u.

Table 169, “EPP Data Port O Register (DTR) Characteristics,” on page 838
Table 170, “EPP Data Port 1 Register (DATA1) Characteristics,” on page 88
Table 171, “EPP Data Port 2 Register (DATA2) Characteristics,” on page 89
Table 172, “EPP Data Port 3 Register (DATA1) Characteristics,” on page 89
Table 173, “ECP Address FIFO (AFIFO) Characteristics,” on page 90

Table 174, “Address FI FO Register (AFIFO),” on page 90

Table 175, “ECP Data Fl FO Register (DFIFO) Characteristics,” on page 90
Table 176, “ECP Data FI FO Register (DFIFO),” on page 90

Table 177, “Parallel Port FI FO Register (CHFO) Characteristics,” on page 91
Table 178, “Parallel Port FI FO Register (CHFO),” on page 91

Table 179, “Test FIFO Register (TH FO) Characteristics,” on page 91

Table 180, “Test FI FO Register, THFO,” on page 91

The Open Firmware “reg” property information given in Table 159 on page 83 must be provided in the
Open Firmware device tree for thisdevice.

This device must be represented as an | SA device and a child of an | SA bridge node in the Open Firmware
device tree.

This device must be represented in the OF device tree as specified in the CHRP | SA Parallel Port Device
Binding to: |EEE 1275-1994 Standard for Boot (Initialization, Configuration) Firmware. [23]

All the reg property fields specified in Table 159 on page 83 must comply with the format given in the ISA
(or PCI) bus binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std 1275-1994.

The following events must occur during the OF initialization sequence:

a

The Parallel Port Controller must be enabled and activated.
If there is /O Range checking of the Parallel Port Controller it must be disabled.
The parallel Port Controller address space must be set up, enabled.

The interrupt level and type (edge versus level) must be setup, enabled, and reported in the OF device
tree.

Eight-bit DMA for the Parallel Port Controller must be: set up, enabled, and reported in the OF device
tree.

Demand DMA must be enabled

Both ECP and EPP 1.9 modes must be enabled.

The Parallel Port Clock must be enabled (that is, clock must be operational).

The Parallel Port Controller must be set up to disable its outputs when the Parallel Port is disabled.

All Paralel Port Controller registers must be initialized to the values indicated in the “Value in Regis-
ter When OF Passes Control to OS’ column of the characteristics table corresponding to the specific
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register.
5-14. Writing a Parallel Port device address to this register must initiate an EPP device/register selection opera-

tion.

5-15. Accessesto thisregister must initiate device read or write operations to bits 7-0 of the 32 bit word to be
transferred.

5-16. Accessesto thisregister must initiate device read or write operations to bits 15-8 of the 32 bit word to be
transferred.

5-17. Accessesto thisregister must initiate device read or write operations to bits 23-16 of the 32 bit word to be
transferred.

5-18. Accessesto thisregister must initiate device read or write operations to bits 31-24 of the 32 bit word to be
transferred.

Chapter 6 UART Controller

6-1. The UART serial device must be NS16550 compatible, as specified in this chapter.
6-2. The UART serial device must be addressed only with | SA 1/0 addresses.

6-3. The UART serial device must generate only low-to-high edge sensitive interrupts.

6—4. The Open Firmware device tree node for the UART serial device described in this chapter must
follow the specifications given in the CHRP | SA Serial Port Device Binding [28].

6-5. The Open Firmware “reg” property information given in Table 182, “UART Registers,” on page 94 must
be provided in the Open Firmware device tree for the UART serial device.

6-6. The UART serial device must be represented as an | SA device and a child of an | SA bridge node
in the Open Firmware device tree.

6—7. All the“reg” property fields specified in Table 182, “UART Registers,” on page 94 must comply
with the format given in the | SA/EI SA/I SA-PnP binding to | EEE Std 1275-1994, as modified by
the CHRP binding to | EEE Std 1275-1994.

6-8. The UART serial device must precisely implement the registers defined in Section 6.3, “UART
Registers,” on page 94.

6-9. The selection of the TDR/IER versusthe DLL/DLH for the UART serial device must be
exclusively controlled by the DLAB bit (bit 7) in the Line Control Register.

6-10. The UART serial device must contain a baud rate generator that generates baud rates (within
acceptable RS232 tolerances) according to the following relationship: (baud rate x 16) =
(frequency input) / DLH|DLL (decimal).

6-11. The UART serial device must have the “clock-frequency” property specified in its device node in the Open
Firmware devicetree. This property val ue corresponds to the “frequency input” term in Requirement 6-10,
and is not necessarily the oscillator input to the chip that implements the serial device.
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Chapter 7 ISA Keyboard/Mouse Controller

7-1.  All requirements given in this chapter are specifically for the device represented by the Open
Firmware properties “ name=8042, device_type=8042, compatible = “chrp,8042".

7-2. The keyboard and the mouse/auxiliary device are assigned separate interrupts for indicating to the system
when user input is available. These interrupts must be separate edge-triggered interrupts.

7-3. A controller that is compatible with the controller described herein must be represented in the device tree
as specified in the CHRP 1SA Bus Binding to: IEEE Sandard 1275-1994 [15].

7-4. This device must be addressed purely with | SA 1/0O addresses which can be aliased or non-aliased.

7-5. Theregisters shown in Table 209 must all be present in the device defined in this chapter. The
Open Firmware “reg” property information given in Table 209 must be provided in the Open
Firmware device tree for this device.

7-6. All the reg property fields specified in Table 209 must comply with the format given in the CHRP
ISA Bus Binding to: |EEE Standard 1275-1994 [15].

7—7. For the device described herein, al the registers defined in sections 7.3.1 through 7.3.4 must be
implemented precisely as described herein.

Chapter 8 Audio

8-1. The audio subsystem must provide one stereo analog audio input, which may typicaly bealine
level or microphone input attached to an external jack.

8-2. The audio subsystem must provide one stereo analog audio output, which may typicaly be ajack for the
attachment of speakers or a headphone.

8-3. Ananalog-to-digital converter (ADC) must be provided to digitize the stereo analog audio input for
delivery at the stereo digital audio output.

8-4. Andigital-to-analog converter (DAC) must be provided to convert the stereo digital audio input for
delivery at the stereo analog audio output.

8-5. The audio subsystem must be capable of simultaneous recording and playback with 16 bit sample
resolution at frequencies of 22.05 and 44.1 KHz.

8-6. The audio subsystem must be configured to a passive state (inputs muted, interrupt and DMA

requests disabled) when control is passed to the operating system. System resets must also return
the audio subsystem to a passive state.

Chapter 9 ESCC

9-1

9-2.

When control of the ESCC Controller defined herein is passed from Open Firmware to the
Operating System, it must be configured as described herein.

Inthe Open Firmware device tree “escc” and “escc-legacy” device nodes, Open Firmware must define the
“clock-frequency” property to indicate the frequency of the configured ESCC PCLK. This clock source
must be selectable from either the RTxC input or the ESCC’s PCLK. When it is selected from the RTxC
input it must have anominal frequency of 3.684 MHz.
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9-3. A controller that is compatible with the controller described herein must be represented in the
device tree as specified in the CHRP ESCC Device Binding.

9-4. Theregisters shown in Table 222 on page 117 must all be present in the device with name= “escc”,
device_type= “escc” and compatible= “chrp,es0”.

9-5. The Open Firmware “reg” property information given in Table 222 on page 117 must be provided in the
Open Firmware device tree for this device.

9-6. The“escc” device node must have a “ranges’ property, along with corresponding “#address-cells’=1 and
“#size-cells’ =1 properties consistent with the representation of its parent bus. The “ranges’ must map the

LT

address ranges described by the child node’'s “reg” entries.

9-7. All thereg property fields specified in Table 222 on page 117 must comply with the format for the
parent bus as defined by the Mac 1/0 [14] binding .

9-8. Theregisters shown in Table 223 on page 118 must all be present in the device with name= “escc-
legacy”, device-type= “escc-legacy” and compatible= “chrp,esl”.

9-9. The Open Firmware “reg” property information given in Table 223 on page 118 must be provided in the
Open Firmware device tree for thisdevice.

9-10. The “escc-legacy” device node must have a*“ranges’ property, along with corresponding “#address-
cells’=1 and “#size-cells’ =1 properties consistent with the representation of its parent bus. The “ranges”

L

must map the address ranges described by the child node’s “reg” entries.

9-11. All thereg property fields specified in Table 223 on page 118 must comply with the format for the
parent bus as defined by the Mac 1/0O [14] binding for Open Firmware.

9-12. Theregistersshown in Table 224 on page 118 must all be present in the device with name= “ch-a’,
device_type= “serial”, and compatible= “chrp,es2”.

9-13. The registers shown in Table 224 on page 118 must all be present in the device with name= “ch-b”,
device_type= “serial”, and compatible= “chrp,es3”.

9-14. The Open Firmware “reg” property information given in Table 224 on page 118 must be provided in the
Open Firmware device tree for this device.

9-15. The“reg” property fields for the child nodes of the “escc” device must conform to the order
described in Table 224 on page 118.

9-16. Theregistersshown in Table 225 on page 119 must all be present in the device with name= “ch-a’,
device-type=“legacy” , and compatible="chrp,es4”.

9-17. Theregisters shown in Table 225 on page 119 must al be present in the device with name= “ch-b”, device-
type= “legacy” , and compatible="chrp,es5".

9-18. The Open Firmware “reg” property information given in Table 225 on page 119 must be provided in the
Open Firmware device tree for thisdevice.

9-19. The“reg” property fields for the child nodes of the “escc-legacy” device must conform to the order
described in Table 225 on page 119.

9-20. For the device described herein, al the registers defined in sections 9.7.1, “ Command Register,” on
page 120 through Section 9.7.3, “Enhancement Register,” on page 120 must be implemented precisely as
described herein.
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9-21.

For the device described herein, all the registers defined in sections 9.8.1, “ SCC Recovery Count
Register,” on page 121 through Section 9.8.10, “Receive Mask,” on page 126 must be
implemented precisely as described herein.

Chapter 10 Apple Desktop Bus Controller

10-1.

10-2.

10-3.
10-4.

10-5.
10-6.

10-7.

10-8.

If an ADB is present in the system, it must perform as defined in this chapter.

The ADB controller device must be represented by the Open Firmware properties “ name=adb,
device_type=adb, compatible= chrp-adb0”.

The registers shown in Table 253 on page 130 must all be present in the device defined in this chapter.

The Open Firmware “reg” property information given in Table 253 on page 130 must be provided in the
Open Firmware device tree for thisdevice.

The interrupt property must be provided for this device in the Open Firmware device tree.
The Open Firmware device tree node for the ADB serial device described in this chapter must
follow the specification given in the Open Firmware Mac 1/0 [14] binding.

The ADB controller must be implemented with all the registers asdefined in :
a. Table 254, “Interrupt Status Register (IST) Characteristics,” on page 131
Table 255, “Interrupt Status Register,” on page 131
c. Table 256, “Command/Data Register File (CDRF) Characteristics,” on page 132
d. Table 257, “Interrupt Source Enable (I SE) Characteristics,” on page 132
e. Table 258, “Interrupt Source Enable,” on page 132
f. Table 259, “Data Type Count (DTC) Characteristics,” on page 132
g. Table 260, “Data Type Count Register,” on page 133
h. Table 261, “Error Status Register (ESR) Characteristics,” on page 133
i. Table 262, “Error Status Register,” on page 133
j.  Table 263, “Control (CTL) Characteristics,” on page 134
k. Table 264, “Control Register,” on page 134
. Table 265, “Autopoll Control (ACL) Characteristics,” on page 134
m. Table 266, “Autopoll Control Register,” on page 134
n. Table 267, “Active Device Address low and High (ACD) Characteristics,” on page 135
0. Table 268, “Active Device High and L ow Registers,” on page 135
When sy stem software wants to transfer data to the ADB, the following process must be used:
a  System software must set the Transfer Access Request (TAR) bit to 1.

b. If TAG_ IS ENissetto1pollsthe ADB controller Interrupt Status register, system software must wait
for an interrupt from the ADB controller. Otherwise system software must poll the the Interrupt Status
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10-9.

register to determine when the TAG bit is set.

When the system software is granted access to the CDRF, the ADB controller must not write to the
CDRF.

When the TAG bit is set, system software must first write the command byte and then from O to 8
bytes of datato the CDRF.

Once the command and data bytes are written, system software must set the How Many Bytes
(HMB)field of the the Data Type Count register, with the number of bytes written to the command
plus data byte registers in the CDRF.

If system software expects a response to the command, it must set the Command Response Expected
(CRE) hit in the Control register.

System software must set the DTB (Data To Bus) bit in the Control register.

System software must first clear the TAR bit in the Control register and then clear the TAG bit in the
the I nterrupt Status register in that order.

When the TAG bit is cleared, the ADB controller must sasmple the DTB bit
If the DTB is set, the ADB controller must send the datato the ADB and then clear the DTB.
The ADB controller must read any response data and post it to the CDRF.

When the ADB controller acquires data the following process must be used:

a

The ADB shall fill the 9-byte CDRF with either the command that was sent from the System or the
Tak command that caused a response to an autopoll and 0 to 8 data bytes.

The ADB controller must set the How Many Bytes, HMB][3:0], bitsin the status register to the number
of data bytes plus one for the command byte.

The ADB controller must set any error status bits (see Section 10.5, “Error Handling,” on page 136) in
the Error Status register.

The ADB controller must set the DFB interrupt source bit in the I nterrupt Status Register.

If the data was from an autopoll or SRQ autopoll action, the ADB controller must set the Autopoll
Data (APD) bit.

System software must clear APD and DFB.

The ADB controller must wait until the system software clears the DFB bit before resuming autopoll-
ing.

10-10. After processing the commands and data in the CDRF, the ADB controller must resume
autopolling, if autopolling is enabled.

10-11. The ADB controller must recognize the error conditions listed in Table 269 on page 136.

10-12.The ADB controller must terminate the read from the bus, append zeros to any undetected bits of
an unfinished byte ,post the data that was received and set the DLE error bit in the status register,
along with the DFB bit.

10-13.1f the interrupt is enabled (DFB_I'S_EN), the controller must generate an | RQ to the System.

10-14.The ADB controller shall load the command that was sent into the CDREF, shall set the NRE error in the sta-
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tus register, and shall set the DFB bit in the interrupt source register.

10-15.The ADB controller performing the SRQ autopolling sequence must attempt to resolve SRQ
autopolling error.

10-16.1f the ADB master cannot resolve the error it must return to the main idle loop and resume
autopolling, if autopolling is enabled.

10-17.The ADB controller must set the DFB bit to inform the system software that there is datain the
CDRF.

10-18.The address of the device must be reflected in the command byte that is stored in the CDRF.

10-19.The ADB controller must present these resets to the platform in manners compliant with the other
CHRP requirements.

10-20.The ADB controller must scan incoming commands and data (CDRF) from the keyboard at the default
logical device two.

« «When the Control (0x0036), Command (0x0037), and the Power (Ox7F7F) keys are detected together
(with or without other keys) by the ADB controller, the ADB controller must initiate a power-on system
reset (called “hard reset” in the PowerPC processor user manuals).

» «When the Command (0x0037) and the Power (0x7F7F) keys are detected together
(with or without other keys) by the ADB controller, the ADB controller must assert
the nonmaskable interrupt (NMI).

« <After the NMI is asserted when either the Command (0x0037) or the Power (Ox7F7F) key are detected
together by the ADB controller as released, the ADB controller must deassert the nonmaskable interrupt
(NMI).

10-21.When the ADB controller finds the ADB_RST bit set, it must perform a bus reset asfollows:

a Itmust drivethe ADB Data Out line low for aminimum of 3 ms, then release the line.
It must pull up the open collector output to the deassertion state.

c. It must wait the programmed holdoff time, then clear the ADB_RST bit in the Control register, signal-
ling that the ADB bus reset sequence is complete.

10-22. System software must not attempt to use the ADB controller while the ADB_RST bit in the Control
register is set to 1 other than to poll the Control register for achangein the ADB_RST bittoaO.

10-23.The ADB controller must implement timing values for the ADB as specified in Table 270 on page 139.

Chapter 11 IDE Drive Controller

11-1. AnIDE Drive Controller that is compliant with the interfaces as defined in this section must be
represented in the Open Firmware device tree with a node that has a name property of name=ide, a
device_type property of device _type=ide, and a compatible property of compatible=chrp,ide.

11-2. ThelDE Bus Master Controller defined herein must supply “Native-PCl” capabilities and PCI bus
mastering capabilities concurrently.

11-3. All IDE devices connected to the | DE Bus master Controller defined herein must have DMA capability.
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11-4.

11-5.

11-6.

11-7.

11-8.

11-9.

When control of the | DE Bus master Controller defined herein is passed from Open Firmware to the
Operating System, it must be configured as a PCI device as described herein.

This device must be addressed only with PCI 1/O addresses.

The registers shown in Table 272 must all be present in the device defined in this chapter. The
Open Firmware “reg” property information given in Table 272 must be provided in the Open
Firmware device treefor this device.

This device must be represented as an PCI device and a child of a PCI bridge node in the Open Firmware
device tree.

All the reg property fields specified in Table 272 on page 142 must comply with the format given
inthe 1 SA (or PCI) bus binding to | EEE Std 1275-1994, asmodified by the CHRP binding to
|EEE Std 1275-1994.

For the device described herein, the Physical Region Descriptor, PRD, must be implemented as
defined in this section.

11-10. PRD format in memory must be Little-Endian.

11-11. For the device described herein, all the registers defined in sections Table 11.5.1 through Table

11.5.6 must be implemented as described herein.

Chapter 12 SCSI

121

12-2.

12-3.

124,

12-5.

12-6.

All requirements given in this chapter are specifically for the device represented by the Open
Firmware properties “name=scsi, device_type=scsi, compatible = chrp,mesh0” unless otherwise
noted.

The registers shown in Table 283 on page 148 must all be present in the device defined in this
chapter.

A MESH SCSI device must make use of properties defined in the MAC-10 [14] Open Firmware
bindings document.

The interrupt from the MESH SCSI section of the controller and the DBDMA section of the controller
must be wire-OR'’ ed together so that one interrupt is presented to the system for the complete MESH SCS
controller defined herein.

For the device described herein, al the registers defined in Section 12.5.1, “ Transfer Count O
Register 0 (XferCount0),” on page 149 through Section 12.5.16, “ Selection TimeOut Register
(SelTO),” on page 158 must be implemented precisely as described.

For the device described herein, all the registers and their associated function defined in Appendix
A must be implemented precisely as described.

Chapter 13 Graphics

13-1.

Graphics controllers must provide both a Big Endian (BE) and a Little Endian (LE) interface to
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13-2.

13-3.

134.

13-5.

the frame buffer.

CHRP platforms must minimally support a 640x480 linear frame buffer with the Open Firmware
characteristics and interfaces described in the CHRP Linear Frame Buffer Device Binding.

VGA compatibility isoptional; if VGA compatibility is provided, it must adhere to the
programming model given in Appendix A, “VGA Programming Model,” on page 195.

If VGA compatibility is provided, it must conform with the characteristics and interfaces
described in the CHRP VGA Display Device Binding.

If VGA compatibility is provided, the display node of the Open Firmware device tree must indicate a
compatible property of “pnpPNP,900". Conversely, if the compatibility property of “pnpPNP900" is

indicated in the display node of the Open Firmware device tree, the programming model described in
Appendix A, “VGA Progranming Model,” on page 195 must be present.

Chapter 14 Versatile Interface Adapter (VIA)

14-1.

14-2.

14-3.

14-4.

14-5.

14-6.

The Open Firmware device tree node for the device described in this chapter must follow the
specifications given in the Mac |/O [14] Open Firmware device binding.

The Open Firmware “reg” property information given in Table 311 on page 167 must be provided in the
Open Firmware device tree for the VIA device.

New capabilities in operating systems must not depend in any way on the continued existence of the facili-
ties described in the VIA chapter.

New software must not utilize the timing characteristics associated with operations on the VIA hardware as
described in Section 14.3.2, “Internal Timings,” on page 166 of the VIA chapter.

All the “reg” property fields specified in Table 311 on page 167, “VIA Registers’, must comply with the
format given inthe PCI binding to | EEE Std 1275-1994, as modified by the CHRP binding to | EEE Std
1275-1994.

Software must not write to the Peripheral Control Register in the VIA hardware.

Chapter 15 Descriptor-Based DMA

15-1.

15-2.

15-3.

Every DBDMA reserved field must be 0 when written and must be ignored when read. This must
be true whether the reserved field is accessed by the DBDMA hardware or by device driver
software.

Some address pointers are constrained to be multiples of 4, 8, or 16 bytes. For example, the
NewCommandPtr value is always 16-byte aligned. The least-significant bits of these aligned
addresses must be reserved, to ensure deterministic behavior when unaligned addressvalues are
used.

The PCI devices described herein are allowed one interrupt each to the system. DBDMA interrupts must be
shared with the other interrupt requirements of the device as described in the device chapters.






Glossary

This glossary contains an aphabetical list of terms, phrases, and abbreviations used in this document.

Term Definition

us Microsecond or one millionth of a second

ACD Active device register

ADB Apple Desktop Bus

ADC Analog-to-digital converter

ADDR Address register

AEJ Autogject register

AHFO Addressfirst in - first out register

A/N Alphanumeric

ANS American National Standards | nstitute

APA All points addressable

Architecture  The hardware/software interface definition or software module to software module interface defini-
tion.

ASCII American National Standards Code for I nformation Interchange

BA Base address register

BC Base count register

BE Big Endian

BIOS Basic input/output system

BLOP Base low page register

CA Current address register

CBP Clear byte pointer register

CcC Current count register

CCR Configuration control register

CDRF Command/data register file
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CHIP Current high page register

CHRP Common Hardware Reference Platform
CLOP Current low page register

CMD Command register

CRT Cathode ray tube which normally refers to a computer monitor
CTL Control register

CTR Control register

DAC Digital-to-analog converter

DAT Dataregister

DATA EPP data port register

DATAR Dataregister

DBDMA Descriptor based direct memory access
DCM DMA channel mode register or DMA clear mark register
DCEM DMA extended mode register

DCOM DMA command register

DCR Control register

DET Detect register

DHFO Datafirst in- first out register

DIR Digital input register

DLH Baud rate divisor high order register
DLL Baud rate divisor low order register
DMA Direct memory access

DMC DMA master clear register

DOR Digital Output Register

DR DMA request register

DRS Datarate select register

DS DMA status register

DSR Status register

DTC Datatype count register

DTR Dataregister

ECP Extended capability parallel port

ECR Extended control register

EDR Extended data register
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EIR Extended index register
ELI Edge level interrupt control register
ENH Enhanced register
EOL End of line
EPP Enhanced parallel port
ESR Error status register
ESSC Extended serial communications controller
FCR Firstin - first out control register
HFO Firstin - first out or busfirst in - first out register
FifoCount Fl FO count register
GB Gigabytes - as used in this document it is 2 raised to the power of 30
Hz Hertz
ICW Initialization control word
ID I dentification
IDE Integrated device electronics
|IEEE Institute of Electrical and Electronics Engineers
IER Interrupt enable register
IIR Interrupt identification register
1/10 I nput/output
IN Input register
IrDA Infrared Data association which sets standards for infrared support including protocolsfor datainter-
change
IRQ Interrupt request
IRR Interrupt request register
ISA Industry standard architecture (typicaly refersto the PC local bus)
ISE Interrupt source enable register
1SO International Organization of Standards
ISR In-service register
IST Interrupt status register
KB Kilobytes - as used in this document it is 2 raised to the power of 10
KHz Kilo Hertz
LCD Liquid crystal display
LCR Line control register
LE Little Endian
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LFB Linear frame buffer

Isb L east significant bit

LSR Line status register

LTPC LocaTalk protocol controller

MCR Modem control register

MSR Main status register or Modem status register

MB Megabytes - as used in this document it is 2 raised to the power of 20
MESH M ecintosh enhanced SCSI hardware

MeshFeature  MESH features register

Meshl D MESH identification register

ms Milliseconds or thousandths of a second

N/A Not applicable

ns Nanoseconds or billionths of a second

ocw Operation control word

OF Open Firmware

oS Operating system

ouT Output register

PC Personal computer

PC Card A memory or |/O card compatible with the PC Card Standard []. When cards are referred to as PC
Cards, what is being addressed are those characteristics common to both 16-bit PC Cards and Card-
Bus PC Cards.

PCI Peripheral Component | nterconnect

PCMCIA Personal Computer Memory Card International Association (see PC Card)

PCR Primary command register

PEL Picture element

PC Programmable interrupt controller

Platform Refers to the hardware plus firmware portion of a system composed of hardware, firmware, and op-
erating system.

PPRD Primary PRD table address register

PRD Physical region descriptor

PSR Primary status register

RAM Random access memory

RC Recovery count register

RDR Receiver data register
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Reserved Theterm “reserved” isused within thisdocument to refer to bitsin registers or areasin address spaces
which should not be referenced by software except as described in this document. Normally when
writing other bits in a register with reserved bits, the register should be read, the non reserved bits
set, and the register should be written.

RMSK Receive mask register

ROM Read only memory

SCC Serial communications controller
SCDR Special character detect register

SCR Scratch control register or secondary command register
SCsl Small computer system interface
SelTO Selection time out register

SGC Scatter/gather command register
SGD Scatter gather descriptor

SGIS Scatter/gather interrupt status register
SGPTR Scatter/gather descriptor table pointer register
SGS Scatter/gather status register

SP Special character register

SPP Standard parallel port

SPRD Secondary PRD table address register
SR Status register

SRQ Service request

SSR Secondary status register

ST Status register

STA Status register

STR Status register

STRT Start register

SyncParms Synchronous parameters register

System Refers to the collection of hardware, system firmware, and operating system software which com-
prise a computer model.

System firmware
Referstothe collection of all firmware on asystemincluding Open Firmware, RTAS, and any legacy
firmware.

System software
Refers to the combination of operating system software, device driver software, and any hardware
abstraction software, but excludes the application software.

TC Terminal count register
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TDR
TMR
UART
VESA
VGA
VIA
WAM
WSM
x86

XferCount

Table drive register or Transmitter data register
Timer register

Universal asynchronous receiver/transmitter
Video Electronics Standards Association
Video graphics array

Versatile interface adapter

Write all mask bits register

Write single bit mask register

Intel processors such as 80386, 80486,...

Transfer count register
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information on their reference implementation by contacting |BM at the following numbers:
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e Within Europe (49)-511-516-3444 in English

e Within Europe (49)-511-516-3555 in German

e InAsia(81)-775-87-4745 in Japanese

Updates to the The PowerPC Architecture: A Specification for a New Family of RISC Processors are available at
http://www.austin.ibm.com/tech/ppc-chg.html.

The curernt version and updates to The Power PC Microprocessor Common Hardware Reference Processor: A Sys-
tem Architecture and PowerPC Microprocessor Common Hardware Reference Platform: 1/0 Device Reference are
available via anonymous FTP from ftp://ftp.austin.ibm.com/pub/technol ogy/spec/chrp.

OEMs, IHVs, and | SVs may obtain information on Motorola products and Motorola system design kits by contact-
ing their local Motorola sales office or 1-800-845-MOTO (6686).

Information on the full range of Motorola's semiconductor, software, design kits, and system products may be found
at Motorola's PowerPC World Wide Web home page located at http://www.mot.com/PowerPC/.
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16-color Text Extension 162
8-bit Graphics Extension 162

A
ACD 135
ACL 134
ActNeg bit 151
ADB xxvii, xxviii, 105, 129
ADB_RST 134
ADDR register 88
address field (DBDMA commands) 186
Address FIFO (AFIFO) register 90
AFIFO register 90
al phanumeric input device xxvii, 105, 129
APD 133
APE 134
Apple Desktop Bus (ADB)

error handling 136

registers 130
Arbitrate command 152
ArbLost bit 154
asynchronous events (in DBDMA) 190
Atnbit 151
audio 113
Autopoll Data (APD) bit 136
autopolling (inADB) 136-7?

B

Baud Rate Divisor Register (DLH) 103
Baud Rate Divisor Register (DLL) 102
Bi-Endian Graphics 161

branch fidd (DBDMA commands) 185
BranchSelect register (DBDMA) 177
Bus Status registers (MESH) 153
BusFree command 152

Byte mode 79

C

CDRF 131

CFIFO register 91

ChannelControl register (DBDMA) 174
Channel Status register (DBDMA) 174
clock frequency property 103

Cmd fidd (DBDMA commands) 183
cmdDep fiedd (DBDMA commands) 186

CmdDone bit 156

command list in DBDMA) 180
command queuing in DBDMA 191
Compatibility mode 79

Control (CTR or DCR) register 85
CRE 134

CTL 133

CTR register 85

D
DATA (DTR or DATAR) register 84
Data FIFO (DFIFO) register 90
Data To Bus (DTB) bit 136
DATAO register 88
DATA1register 88
DATAZ2 register 89
DATA3register 89
DATAR register 84
DBDMA 171
channel usage 179
command descriptors 182
controller model 180
descriptor structure 171
DCR register 85
Desti nati onl D register (MESH) 156
DetectAB register 123
DFB 131
DFB IS EN 132
DFIFO register 90
direct memory access 3
DisParChk command 152
DisReSel command 153
DLE 133
DMA 3
address incrementing, High Page Register 14, 25
address incrementing, Low Page Register 13, 25
address programming, Scatter/Gather Descriptor 26
address shifting, Base Address Register 10
address shifting, Current Address Register 10
address ng modes 18
Controller 1 3
Controller 2 3
count modes 18
DACK#signal 15
DREQ signal 15
IRQ 13 26
ISA busmaster support 29
Open Firmware properties 4
register map 5
Scatter/Gather Descriptor (SGD) 25
softwareinitiated reset (DMC1,2) 24
termina count (TC) 18
timing modes 18
transfer widths 18
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DMA channel registers, descriptions 9

DMA controller registers, descriptions 15
DMA scatter/gather registers, descriptions 25
DSR register 85

DTB 134

DTC 132

DTR register 84

E
ECP
Address FIFO (AFIFO) register 90
Data FIFO (DFIFO) register 90
mode description 79
registers 89
ECR register 87
End of Interrupt (EOI) 64
EnParChk command 152
EnReSel command 152
EOI 64
Non-specific 64
Non-specific requirement 65
Specific 64
Specific requirement 65
EPP
Address (ADDR) register 88
Data Port 0 (DATADO) register 88
Data Port 1 (DATAL) register 88
Data Port 2 (DATA2) register 89
Data Port 3 (DATA3) register 89
mode description 79
registers 87
Error register (MESH) 155
errors
inADB 133
inDBDMA 181
inMESH 156
ESR 133
Ethernet 192
Exception bit (MESH) 156
Exception regi ster (MESH) 154
Exhanced Paralld Port (EPP) mode description 79
Extended Capabilities Port (ECP) description 79
Extended Control (ECR) register 87

F

fb8 162

FIFO Control Register (FCR) 96
FIFO Count register (MESH) 154
floppy disk 31

G
graphics 161

H

hard disk 141, 147
HMB 133

|
ICW1register 68

ICW2register 68
ICW3register 69
ICW4 register 69
|EEE 1284 compatible device 79
informati on transfer commands (MESH) 152
infrared 141
Initial Recovery Count register 121
Initialization Command Word (ICW) registers 67
initiator (in DBDMA) 179
Interrupt Controller 61
Automatic Rotation mode 66
edge/level sdect 75
ELI registers 75
Fully-nested mode 65
ICW1 68
ICW2 68
ICW3 69
ICW4 69
Initialization Command Word (I CW) registers 67
interrupt level select encodings 72
interrupt scenario 64
interrupt vector 65
IRR 74
ISR 74
OCW1 70
OCw2 71
OCW3 72
Operation Command Word (OCW) registers 70
Poll mode 67
Poll mode read response 73
programming 67
register summary 63
Rotate and EOI Codes 72
SMM and ESMM bits 73
Special Fully-nested mode 65
Special Mask Mode 67
Special Rotation mode 66
interrupt edge/leve sdection 75
Interrupt Enable Register (IER) 95
interrupt fidd (DBDMA commands) 184
Interrupt I dentification Register (1IR) (UART) 97
Interrupt Mask register 155
Interrupt register (MESH) 156
Interrupt Vector 65
InterruptSelect register (DBDMA) 176
IRR register 74
ISA Busmasters 29
ISE 132
ISR register 74
IST register 131

K
key fidd (DBDMA commands) 183
keyboard xxvii, 105, 129

L

Legacy Interrupt Controller 61
Line Control Register (LCR) 98
Line Status Register (LSR) 100
Linear Frame Buffer 162
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LOAD_QUAD command (DBDMA) 188 ECP registers 89
Locd Talk 119 ECR 87
LTPC logic module 119-127 Enhanced Perallel Port (EPP) mode 79
EPP 1.7 mode 79
M EPP 1.9 mode 79
MESH SCSI controller 147 EPP mode description 79
minimum requirements EPP registers 87
alphanumericinput device xxvii, 105, 129 Extended Capahiliti es Port mode description 79
audio 113 Extended Control (ECR) register 87
floppy disk 31 IEEE 1284 compatible 79
graphics 161 mode summary table 80
hard disk 141, 147 modes, generd description 79
infrared 141 Nibble mode 79
Interrupt Controller 61 OF initidization 82
Parallel Port 80 Parallel Port FIFO (CFIFO) register 91
pointing device xxviii, 105, 129 Parallel Port FIFO mode description 79
serial port 115 register definitions 83
Modem Control Register 100 register summary 83
Modem Status Register (MSR) 101 SPP Extended mode description 79
mouse xxviii, 105, 129 SPP mode description 79
Standard Paralld Port (SPP) mode 79
N Status (STR or DSR) register 85
Nibble mode 79 STR 85
NOP command (DBDMA) 189 Test FIFO (TFIFO) register 91
NRE 133 Test FIFO mode description 79
TFIFO 91
(0] Parallel Port Controller 79, 80
OCW!1 register 70 Parallel Port Data FIFO (DFIFO) register 90
OCW?2 register 71 Parallel Port FIFO (CFIFO) register 91
OCWS3 register 72 Par_allel Port FIFO mode description 79
OF initialization ParityErr bits 155
Legacy Interrupt Controller 63 Phase Mismatch bit 154
Parallel Port Controller 82 PIC (Programmable | nterrupt Controller) 61
Open Firmware properties pointing device xxviii, 105, 129
DMA 4 Programmable I nterrupt Controller (PIC) 61
Operation Command Word (OCW) registers 70 PS/2 xxvii, xxviii, 105, 129
P R
Paralld Port Receiver Data Register (RDR) 95
ADDR 88 regi ster summary
Address FIFO (AFIFO) register 90 Interrupt Controller 63
AFIEO 90 Parallel Port Controller 83
Byte mode 79 Registers, VIA 166
CFIEO 91 Registers. UART 94
Compatibility mode 79 regCount f_ield (DBDMA commands) 186
Control (CTR or DCR) register 85 resCount field (DBDMA commands) 186
CTR 85 Resd ected bit (MESH) 154
DATA (DTR or DATAR) register 84 RStMESH command 152
DATAO 88
DATAL 88 S
DATA2 89 Scatter/Gather Descriptor
DATA3 89 programming the buffer address 26
DATAR 84 SCC 115
DCR 85 Scratch Register (SCR) (UART) 102
DFIFO 90 Selected bit (MESH) 154
DSR 85 Selection command 152
DTR 84 Selection TimeOut register 158
ECP AFIFO register 90 SelTO hit 154
ECP DFIFO register 90 SelWAtn bit 154

ECP mode description 79 Seq bits 151
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Sequence Error bit 155

Sequence register 150

serid port 115

Sourcel D register (MESH) 156

SPP Extended mode description 79

SPP mode description 79

SRQ autopolling (in ADB) 136-7?

Standard Pardlel Port (SPP) mode description 79
Standard Pardlel Port Extended mode description 79
Status (STR or DSR) register 85

STOP command (DBDMA) 190
STORE_QUAD command (DBDMA) 187
STRregister 85

synchronous data transfers (MESH) 157
SyncOffset fidd 157

SyncParms register 157

SyncPeriod field 157

T
TAG 131

TAG_IS EN 132

TAR 134

target (of DBDMA) 178

Test FIFO (TFIFO) register 91

Test FIFO mode description 79
TFIFO register 91

TMode bit 151

Transfer Count registers 149
Transmitter Data Register (TDR) 95

\%

VGA compatibility 162

VGA Requirements 162

VIA introduction 165

VIA timings 166

video capture using DBDMA 193

W
wait field (DBDMA commands) 185
WaitSelect register (DBDMA) 178

X
xferStatus fiedld (DBDMA commands) 186



