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PREFACE

This preface presents the benefits of the Tl Futurebus+ interface chip set and develops the context for this
data manual.

Futurebus+ has rapidly gained wide acceptance throughout the world in multiple-compute paradigms.
Historically, the success of backplane buses has been based on multiple sources of standard silicon.

Standard Silicon for a Standardized Bus

Benefits of Standard Silicon

e System design time reduction

Program risk reduction

Greater degree of integration
Accommodates specification complexity
Joint development opportunities

Ease of product performance improvement

The Futurebus+ family of specifications is very complex. Therefore, it is not a trivial task to implement these
specifications in bus-interface silicon. Texas Instruments, with its long-term involvement in the development
of Futurebus+, is ideally suited to meet customer requirements in this area. Through understanding of the
specifications, customer feedback, and joint development activities, a highly integrated chip set has been
designed. Use of this chip set will shorten system development time significantly. Implementing the interface
in a small number of controllers reduces overall risk and provides tremendous real estate savings, allowing
more features to be added to each module. Additionally, a standard solution eases the development of new
products; product performance may be improved or features added without changing the software interface
to the Futurebus+. Second sourcing by Philips Components-Signetics ensures the customer of reliable dual
sources for these devices.

TFB2000 Family: High-Performance Silicon Support for Futurebus+

Features of the Tl Futurebus+ Chip Set

e Fully compliant to Futurebus+ and related specifications
Incorporates control and status registers on chip

JTAG support provided

Silicon support for loosely coupled and tightly coupled systems
Support for compelled and packet modes

Interface to both central and distributed arbitration schemes

JTAG Support Required

Texas Instruments is an acknowledged leader in the development of testability standards. When employing
complex integrated circuits in even more complex systems, assistance in testing is a must. Each of the
controller devices in the Tl Futurebus+ chip set provides JTAG test access ports and boundary scan
capability.

Generic Host Interface to Controller Devices

Features

e Designed to support current and future microprocessors from several manufacturers
Minimal control-signal translation required to interface to processor(s) or secondary cache
Supports 32- or 36-bit addressing and 32- or 64-bit (multiplexed) data capability

Provides single, burst, and multiple-burst transfer capability

The host interface, portions of which are provided on each of the Texas Instruments Futurebus+ controller
devices, provides a generic host interface, enabling several lines of popular processors to be used with the
chip set with minimal glue logic. This interface is used to interconnect processors, local memory, and I/O
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devices with the Futurebus+ interface logic. Facilities are provided for burst-mode transfers and synchronous
handshaking. A detailed explanation of the host interface is included in this manual.

The Tl TFB2xxx Futurebus+ Family

Tl develops and produces transceivers, arbiters, protocol controliers, and data path devices to meet a wide
range of system uses.

Current Tl chip set devices are the TFB2002B |/O controller (I0C), the TFB2022A data-path unit (DPU), and
the TFB2010 arbitration bus controller (ABC). The TFB2002B/2022A pair fully supports profile B I/O bus
usage and significant portions of other profiles. These devices may be used for memory boards or I/O boards
in Profile F (cache-coherent) systems.

Associated Documentation

This data manual occasionally refers to IEEE 896.x Futurebus+ standard documentation. Although the data
manual is a stand-alone document, the reader may want to order the IEEE 896.x documents by calling the
IEEE in New York City (1-800-678-IEEE).

Texas Instruments Futurebus+ Bulletin Board System (BBS)

A computer bulletin board system (BBS) with modem input is available for customer support purposes. The
BBS'’s characteristics and performance are provided in the following table.
TEXAS INSTRUMENTS FUTUREBUS+ BULLETIN BOARD SYSTEM
CUSTOMER SUPPORT (VIA MODEM) NUMBER: 214-997-3195
Data Rate 300-14,400 baud
Recommended Protocol Zmodem

Data, Stop, and Parity 8, none, and 1 or 7, even, and 1
Current Capability Messages, file read/download/upload
Future Capability Questionnaire, Internet

If a satisfactory connection to the BBS is unavailable, call the product information center (PIC) at
214-644-5580 for assistance.

Signal Name Notation

To maintain consistency with the notation used in the Futurebus+ standard (IEEE Std 896. 1-1991), an
active-low signal is denoted herein by use of the trailing asterisk (*) on the signal name.



Document Organization

This section is intended to give the reader a feel for the information to be presented in Chapters 1-6 of the
data manual and the rationale for the order of presentation. The chip setis described in general first and then
inincreasing detail. These chapters describe the actual use ofthe chip setina chronological order that relates
to the order of events that the devices would see in practice, from reset and control-register programming
to transactions moving data across the bus.

Chapter 1 Introduction

This chapter presents some history of the Futurebus+ standard and some of the trade-offs considered when
architecting the chip set.

Chapter 2 Orientation

This chapter presents an overview of the environment in which the chip set are used and defines some terms
that are used throughout the data manual.

Chapter 3 Configuration

This chapter identifies the procedures necessary to bring the chip set online in an application.

Chapter 4 Host Interface

This chapter describes the host interface that provides communications between the chip set and the board
controller.

Chapter 5 Transactions

This chapter describes the transactions across Futurebus+ generated from the host.

Chapter 6 Arbitration
This chapter describes the Futurebus+ arbitration protocols.
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1 OVERVIEW

1.1 Introduction

Futurebus+ (FB+) is an IEEE specification for high-performance backplane-based computing that permits
architectural consistency across a broad range of computer products. It is the first comprehensive
architectural specification defined as an open standard — that is, an interface standard for which there are
no preconceived restrictions in terms of architecture, microprocessor, and software implementations. It is
also the first standard explicitly designed to support multiple generations of computer technology, leading to
system speeds significantly greater than current systems. FB+ has officially been approved as a standard
by the IEEE in September 1991. The foundation of FB+ has clearly been established and FB+ products are
proliferating.

FB+ has been in development for over a decade. It is envisioned as the foundation of next-generation
computing-system architectures by the U.S. Navy and the VMEbus and Multibusil communities. Due to its
advanced architectural features, numerous companies (each a part of the 120-member working group) from
the United States, Europe, and Japan were actively involved in the final specification development. These
companies, a microcosm of the computer industry, include both system designers and end users of products
ranging from desktops to mainframe systems. Texas Instruments has actively supported Futurebus+
development and fills several committee leadership roles.

1.1.1 WHAT IS FB+?

Figure 1-1 illustrates how FB+ provides a backplane interconnection between high-performance computing
blocks. This figure demonstrates the considerable breadth of possible FB+ interface applications. To
efficiently manage these applications, the specification development is divided into smaller pieces with a
team of experts designated to work on each piece. The idea of a collection of FB+ specifications to create
a single standard is a departure from other bus standards. The result is a collection of profiles, which allows
FB+ to serve wide-ranging applications with each profile fulfilling the needs of specialized segments.

FB+ architecture can be flexibly implemented; however, this flexibility represents a dilemma as to how to
minimize unnecessary variations in products developed by different vendors. The profiles are used to
address this problem. Profiles tie together the various specifications and support standards to create
interoperability. Restrictions in profile specifications are designed to ensure compatibility amongst products.
Therefore, the word conformance has no meaning within the IEEE Futurebus+ family of specifications except
when used in conjunction with an approved profile. The content of a profile depends on the needs of a
particular market and its applications. Table 1-1 lists the current profiles along with their general application
and sponsoring group. Profiles A, B, F and M have become IEEE standards, while Profiles C, T, and S remain
in Working Group.

Table 1—-1. Futurebus+ Profiles

PROFILE APPLICATION INTERESTED GROUP
A General VITAVME Community
B 110 Mini and Mainframe Computers
F Workstation Workstations
C Cable Inter-Rack Cabling
M Military U.S. DOD and Other Military
T Telecommunication | U.S., Europe, and Japan
S Space Space Systems




Message-Passing Processor Board Message-Passing Processor Board

or or
Embedded Controller Embedded Controller

e ——————— a reeTcT s s EEsm—— )

| I |

| Local I} p | | Local P |

' Memory Devices rocessor | Memory rocessor |

I | I

| Local Bus | | Local Bus |

| I | [

| Il |

| FB+ Interface (| FB+ Interface |

| Il I

. — _— e ———— Jd

Futurebus+ Segment -”_
Slave Only Bus Repeater
Memory Board 1/0 Board Board
r——= - ree= === rU/ee//=TTT T m——— A
| [ I I
= FB+ Interface = = FB+ Interface } } FB+ Interface }
| I I ( Pr )I
‘ocessor
| || I I
| Additional I 1o |1 |
| Memory | | Devices | 1 FB+ Interface |
| I I |
S [ I T — d b ——— U _______ o4
To Next
Futurebus+ Segment
Figure 1-1. FB+ Interface Applications
1.1.2 FB+ IN PERSPECTIVE

FB+ represents a significant step forward in the facilities and performance available to designers of
multiprocessor systems. Specifically:

FB+ has an architecture designed for maximum throughput instead of being optimized for a
particular processor.

FB+ technology independence drives the FB+ principle of no technology-based performance
limitation. Configuration and transaction modes produce interoperability when two devices of
different speeds or of different generations communicate, providing FB+ with the ability to support
multiple generations of computers, well into the 21st century.

FB+ has timing and bus handshake protocols that are limited by “law of nature” types of constraints
rather than requirements of current and projected technology.

FB+ has provisions for the bus standard to be easily extended in the future.

FB+ has flexibility to allow the system architecture to be defined by the tasks and resultant software
that must be executed.

FB+ is the first open bus to develop a cache-coherence protocol.
FB+ is suitable for use in applications requiring high reliability and/or fault tolerance.

FB+ protocols provide headroom for system growth and explicitly supports real-time scheduling,
fault tolerance, and high-availability and high-reliability systems.

FB+ has logically layered specifications that offer a wealth of architectural features with which
designers may implement a wide variety of systems.



e FB+ supports both loosely and tightly coupled compute paradigms via the parallel protocols, cache
coherence, and message-passing protocols.

e FB+ control and status registers provide a standard software interface to the FB+, easing
development and transportability of I/O drivers and other system software.

e FB+ is optimized for the backplane environment via backplane transceiver logic (BTL) circuits.
Note: Tl offers a wide variety of BTL products for numerous bus-driving applications.

1.1.3 CURRENT AND FUTURE APPLICATIONS, TRENDS

As previously indicated, the master foundation of FB+ is a reality and products are beginning to proliferate.
Profiles A, B, F and M have become IEEE standards, while others are in Working Group. Table 1-2 provides
an update on FB+ specification development.

Table 1-2. FB+ Specification Development Update As of December 1993

SPECIFICATION STATUS/DETAILS
896.1-1991 Futurebus+ Logical Layer |IEEE Standard
896.2-1991 Futurebus+ Physical Layer and Profiles |IEEE Standard Node Management, Profiles A, B, and F
896.3-1993 Futurebus+ Recommended Practices |EEE Standard
896.4-1993 Futurebus+ Conformance Testing |EEE Standard
896.5-1993 Futurebus+ Profile M |IEEE Standard
P896.6 Futurebus+ Profile T Working Group. Specification for telecommunications
systems
P896.7 Futurebus+ Profile C Working Group. Cache-coherent cable bus
interconnect
P896.10 Space Applications of Futurebus+ Working Group
P1014.1 Futurebus+ to VMES4 Bridge Review Ballot
1101.3 Conduction Cooled Eurocard |IEEE Standard
1101.4 Specification for Military Module Form Faclor |IEEE Standard
1149.1-1990 | |IEEE Standard Test Access Port and Boundary Scan | IEEE Standard
Architecture
P1156 Environmental Specifications for Microcomputers |IEEE Standard
P1156.1 Environmental Specifications for Computer Modules | IEEE Standard
P1156.2 Environmental Specifications for Computer Systems
P1156.3 Specifications for Computer Power Supplies

1194.1-1991 Electrical Characteristics of Backplane Transceiver |IEEE Standard
Logic Interface Circuits

1212-1992 Control and Status Register Architecture |EEE Standard

1212.1-1993 | Control and Status Register DMA Framework |IEEE Standard
Architecture

P1275 Open Boot Sponsor Ballot

1301-1991 Standard for a Metric Equipment Practice for |IEEE Standard

Microcomputers, Coordination Document

1301.1-1991 Detailed Standard for a Metric Equipment Practice for | IEEE Standard
Microcomputers Using 2-mm Connectors and
Convection Cooling

P1301.2-1992 | Recommended Practices for the Implementation of

P1301
P1301.4 SCEM, Mechanical Working Group
P1341 Multimedia Extensions for Futurebus+ Working Group
P1342 Bus Modeling Working Group
P1394 High-Speed Serial Bus Working Group




1.2 Futurebus+ Framework

1.2.1 FUTUREBUS+ PHILOSOPHY AND SYSTEM-LEVEL BACKPLANE

FB+, like other buses, facilitates communications and networking between dispersed units of intelligence.
In simple terms, the fundamental purpose of FB+, or any bus standard, is simply to move data around.

FB+ consists of address/data, status, command, handshake, and arbitration lines. FB+ provides a 64-bit
architecture with a compatible 32-bit subset and data path extensions to 128 or 256 bits. To keep the amount
of signal lines reasonable while supporting a large address space and wide data-path, the address lines are
multiplexed with the lowest 64 data lines (AD63*—~ADQ*). Parallel transfers of 32, 64, 128, and 256 bits at
atime are supported to address spaces containing 232 or 264 bytes. Synchronization signals coordinate the
broadcast of addresses to modules, transfer of data across the bus, and transfer of bus mastership among
modules.

Unlike older standard buses, FB+ is optimized for the backplane environment. To support the highest possible
speed, modules and backplanes use backplane transceiver logic (BTL) circuits. The advantage of BTL logic
is to provide incident-wave switching capability (thus no settling time) with low capacitance, high current drive
capability, and controlled 1-V voltage swings for better noise margins. When a bus signal driver transmits a
logic 1 oralogic 0 down the bus, the receiver logic must respond only to the resulting voltage wave as it arrives
and not be affected by signal reflections caused by impedance mismatches.

In addition to the bus protocols, the standard defines an organized set of control and status registers (CSRs).
The CSR area consists of several memory locations that are used by modules to control and determine
various bus and system parameters. This results in a standard way to dynamically control system
configuration. A unit architecture (or unit) is a group of CSRs related to a particular function (often an 1/O
device, such as an UART, SCSI controller, Ethernet port or controller, or a DMA device).

1.2.2 INDIVIDUAL MODULE

A module is a collection of circuitry that performs specific functions that includes an interface to FB+ and
connects to one or more slots on the backplane. It is removable from and replaceable in a backplane
assembly via connectors. The module is the entity that is removed from or inserted into a FB+ subrack as
a unit. FB+ signaling is defined between modules; however, address and data lines (AD<63:0>* and
D<255:64>)* actually transmit addresses and data between nodes.

A node includes a set of control and status-register addresses (including identification — ROM and reset
command registers), which are initially defined in a 4K-byte initial node address space. A node typically
includes a processor with memory as shown in Figure 1-2, which functions independently of actions on other
sets of CSRs.

For the Tl chip set, the node-side bit in the node IDs CSR is set to 0. Therefore the Tl solution allows thirty
addressable nodes in a FB+ subrack. FB+ actually defines an address bit called node side that allows two
distinct nodes to reside on one module, but the chip set always programs the node-side bit to a 0, so only
one node per module is allowed. Note that this manual uses module and node interchangeably.
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Figure 1-2. FB+ Boards, Modules, and Nodes

A Futurebus+ chip-set layout for a module with one node is shown in Figure 1-3. The CSR bus is used to
interface support devices to reduce the overhead requirements of the host interface. The hostinterface (HIF)
interconnects the CSR bus, memory, processor, or cache functions. The TI FB+ chip setthen interfaces these
interconnected functions to FB+.

1.3 Tl Interface Chip Set

1.3.1 CONTROLLER ICs

The fundamental purposes of the data-path unit (DPU), I/O controller (I0C), and arbitration bus controller
(ABC) are:

DPU: data-path buffering

address decoding

packet-mode encode/decode

generates timing for the DPU’s data-path storage and address-decoding functions
handles the Futurebus+ and host interface protocols

performs distributed arbitration to gain FB+ tenure

transfers arbitrated messages and interrupts over the arbitration bus

I0C:

ABC:

Figure 1-3 presents an overview perspective on how the DPU, IOC, and ABC fit into the module architecture
and provides insight into the HIF and the CSR bus. Note that the CSR bus provides access by the processor
(via the HIF) to the control and status registers (CSRs) within the IOC and ABC. Also, the CSR interface
translates the 32-bit address/data path on the HIF to a 12-bit address/8-bit data path for the IOC and ABC
to minimize their pin count.
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1.3.1.1 Data-Path Unit (DPU)
A simple block diagram of the DPU is provided in Figure 1—4.

The Intsrnal conitrol bilock contains a

synchronous state machine that controls the

flow of data between the HIF, the CSR, and the

FIFO. It monitors both the HIF and Futurebus+

strobes and Is controlled via the I0C port. The 10C Port

control block s also responsible for decoding

Futurebus+ and HIF addresses. The adddressing logic provides address
storage and automatic address incrementing
for both Futurebus+ and HIF transactions.

| pata-Path Control Logic|

FB+ Control
<

(" HIF Control _
- Lol

FB+
AD<63:0:
HD<31:0> | Addressing Logic I — Transceiver
< > Host FB+ d BP<7:0 v Port
HIF J HDP<3:0> Interface Interface| ] , Br</:¥>
Port | —e — Data-Path Logic | | Packet ¢ »
HA<31:05 ncoder The FBs Interface block
< > Packet provides buffers and
HAP<3:0 Decoder latches for TTL-onverted
— ° FB.+ signals. This device Is
~ connected to FB+ via BTL
transcelivers.
i
The hostlinterface block The packet encoder takes data from
provides buffers and the data-path logic and supplies an
latches for HIF signals. encoded packet to the FB+ interface.
The packet decoder receives packets
/ from the FB+ Interface and supplies
data blocks to the data-path logic.
The CSR block provides control

and status registers.
re9 The data-path logic provides storage and an interconnect path for

both Futurebus+ and HIF data. it aiso provides byte-lane encoders
and decoders, disconnect data handling, and parity checkers and
generators. The FIFO Is bidirectional and contains 256 bytes of data.
Parity is passed through the FIFO. The data path is designed to
accommodate all combinations of 32- and 64-bit transfers on the
Futurebus+ and host interface.

Figure 1—4. DPU Block Diagram



1.3.1.2 /0 Controller (I0C)

A simple block diagram of the I0C is provided in Figure 1-5. The IOC design has an underlying symmetrical
aspect. The I0C-to-CSR bus and IOC-to-FB+ each have separate control timing and an associated
communication path. Each control timing and communication path also communicates with the DPU.
Specifically, the HBC communicates with the CSR bus and DPU, respectively, through the HIF while the FBC
communicates with FB+ and DPU through the FB+ port.

The HBC requests bus mastership from both HIF and
Futurebus+ arbiters. It handshakes with an external DPU
chip to control transfers between the HIF, the CSR, and the
FIFO. The HBC uses the HIF control and signaling Informa-
tion, the FB+ command, and the module configuration in
the HBC CSR to decide how to best service HIF and FB+

The FBC provides the Futurebus+ decode and control.
An asynchronous state machine handshakes with the
external DPU chip to control Futurebus+ to FIFO
transfers. It also provides a Futurebus+ phase
Indication from the HBC. External module configuration
and snoop filters also affect the FBC.

requests.
Reset Signals # # JTAG Interface
HIF Control Futurebus+
HBC FBC Arbiter Port
HIF Port HIF Arbiter
> I HB—CT'TI | HBC—DECI > Futurebus+ :z:l‘uebum
I FB_CTL | ¢ Control )
CSR Bus Control
. CSR-programmable glitch
i“'ﬂ’_._ 10C_FIL | fortheFuturebus+ parallel-
CSR Bus CD<T: protocol and arbitration
Port < D<7:0> > HBC_CSR strobes.
CcDP
—p] 10C_RST \ The reset controller
[~ provides system reset,

bus Initialization, and
reset-start capabilities.

The CSR block provides P896-defined core CSRs

and Ti-defined I0C-specific units (configuration

registers). It s accessed through a simple ROM- DPU Port
compatible 8-bit bus. Interface logic is required to

connect the CSR bus to the HIF.

Figure 1-5. I0C Block Diagram
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1.3.1.3 Arbitration Bus Controller (ABC)

A simple block diagram of the ABC is provided in Figure 1-6.

The CSR block provides Futurebus+-defined control and status The arbltration message FIFO

registers and ABC unit-specific registers. It also provides round- ;-':,p"""::;-’ :I::Ir;i)au‘;g: ;':ﬁf:?l:i
robin control and timers for events in this chip. bus. This FIFO Is four messages
deep.
The reset controller detects system reset, CSR Bus Port
bus Initiallization, and arbitration mode
for this device. Reset JTAG CSR Bus
Signals  Interface Control

CDP
CD<7:0>
CA<11:0>

The arbitration-message filter
selects which messages are ABC RST ABC CSR /

captured by the FIFO. \
4:0>*
\ AM_FILTER AM_FIFO _, GA <4:0>

RQO >
RQ1 »
10C
GR—¢ REQ_SEQ
ABC_PHS_SEQ
PE —¢ >
I T AN
w
wl ] 9\ \
g G
YyYYa + 5 Y
£ é
o Arbitration 'V
— control 3
BTL BTL The arbitration phase sequencer |Is
Transcelver Arbitrati responsible for arbitration bus monitoring
B "g' on and control. It captures data from the
The request sequencer determines us Port arbitration bus and informs the other
the order of all iIncoming requests for system components that data is avallable.

service to this device.

Figure 1-6. ABC Block Diagram

1.3.2 CHIP-SET INTERCONNECT

A complete interconnect diagram for the Tl interface chip set is shown in Figure 1-7 on the following two
pages . The interface to FB+ is shown on the right side of the diagram, while the interface to the HIF and the
CSR bus is shown on the left.
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Figure 1-7. Tl Interface Chip Set Interconnect Diagram (Continued)
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2 ORIENTATION

2.1 Introduction

This chapter presents a general orientation of the Tl Futurebus+ (FB+) TFB20xx controller chip set and some
of its capabilities and limitations, as well as a general guideline on how to use the chip set. Information is
presented at a relatively high level. Details on any aspect of the chip set are included in subsequent chapters.
Since the purpose of any bus controller is the efficient transfer of data between two points, the orientation
focuses on how the chip set can be used in this manner. The necessary setup is covered, and some terms
that are used throughout this manual are defined.

The chip set services all requests for off-board access from the host interface by generating the appropriate
FB+ transaction and conversely handles all incoming requests from FB+ by generating the necessary host
interface transaction. The specifics of the host interface are described in Chapter 4. All transactions using
the chip set begin with the chip set acting as a slave, either a host slave or a FB+ slave, respectively. In
response, the chip set becomes a master of the other side; i.e., a FB+ master or host master, respectively.
Thus, the chip set may perform as a host slave and FB+ master for an outgoing host transaction and as a
FB+ slave and host master for an incoming FB+ transaction.

2.2 Transfer Example

Figure 2—1 shows two boards connected via FB+ for the purpose of defining the information flow across both
the host interface and FB+. Note that the term host is used in this context as a generic term, and it does not
imply that any predefined element resides on a board. The two boards (or modules) are arbitrarily labeled
A and B. Suppose host A wants to write a block of data to host B. Host A arbitrates for the host interface bus
and when it becomes the master it accesses chip set A as a host slave with an address that points to module
B. Chip set A recognizes that the address is off the module and arbitrates for the FB+ using the ABC. After
winning arbitration, chip set A becomes a FB+ master using the IOC/DPU and places the original address
on FB+. Chip set B recognizes the address as within its memory space, and it becomes a FB+ slave. Once
chip set A recognizes that a valid FB+ slave has responded, it loads data from the host interface into its
internal FIFO and transmits it onto FB+. Chip set B pulls the data off FB+ and stores it in its FIFO and then
becomes a host interface master to transmit the data to host B. Finally, status information is passed back from
chip set B to chip set A, and the transaction is complete.

2-3



Module A Module B

A A
/ s
Chip Set A Chip SetB
ABC ABC
B B
T T
L L
FB+
Host 10C | x X 10C Host
A DPU |¢ Backplane c| ppu B
v v
R R
S S

Host Host FB+ FB+ Host Host
Interface Interface Master Slave Interface Interface
Master Slave _—> Master Slave

Data Flow for Write From A to B

4+—
Data Flow for Read From B to A

Figure 2-1. Transaction Nomenclature Example

2.3 Transfer Overhead

The address transfer on FB+ is referred to as the connection phase, the data transfer as one or more data
beats, and the completion of the transaction transfer as the disconnection phase. (Status information is
actually transferred in all three FB+ phases.) The data phase is where the actual work is done. The arbitration,
connection, and disconnection phases are all required overhead that is incurred for every transaction. This
overhead is referred to as transaction overhead, which is incurred at run time; i.e., it is directly proportional
to the number of transactions performed. The other type of overhead encountered using the chip set is
programming overhead in which specific parameters that govern the actual transactions are loaded into
device registers. In FB+, these registers occupy a portion of the control and status-register (CSR) address
space. This overhead is usually encountered only once at system start up.

The arbitration phase incurs a variable amount of overhead depending on the system traffic. Typically, the
arbitration for the next FB+ master is performed in parallel with ongoing transactions so most of this time is
not seen directly as overhead. Also, the master can execute many transactions under one mastership, or
tenure, which requires only a single successful arbitration phase. Exception conditions such as errors and
busy conditions can add an arbitrary amount of overhead to the system.

2.4 Command and Status Registers

The CSR space defined by FB+ is a control and status area at a fixed location that provides common
configuration, identification, interrupt management, I/O access, and test methods for every module. It
contains programmable values that control the actions of nodes on FB+. Some values in the CSRs must be
programmed before any data transactions can take place; others power up with default values and may be
used with no update necessary. The CSRs can be programmed over FB+ by setting the address in the
connection phase to point at a CSR location, in much the same way as data is passed. All CSR data passed
over FB+ is 32 bits wide.
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The CSR space is partitioned into bus address spaces, and each bus address space is partitioned into node
address spaces as shown in Figure 2—2. The Tl chip set fully supports the extended addressing model of FB+.
The CSR contains 64K nodes that are addressable, each with an initial node space of 4K bytes; thus, the
CSR space consumes 256M bytes.

The base address of the initial node space is determined by the node’s 16-bit node_id field, which contains
a 10-bit bus_id field and a 6-bit offset_id field. The bus_id is expected to be assigned by software when the
system is configured. The offset_id consists of the 5-bit geographical ID signals provided by the backplane
and the 1-bit node side configuration bit. The Tl chip set always programs the node side bit to zero. The
addressing is summarized in Figure 2-3.

One bus_id value, 1023, has a special meaning; transactions to the corresponding addresses are accepted
by all nodes on the local bus, regardless of their configured bus_id value. This fixed bus address can be used
to initially configure the nodes before their actual bus_id has been assigned. For complete systems that use
only a single backplane, it is not necessary to program a bus_id value since bus 1023 can be used to access
all nodes.

Two offset_id values also have special meaning. Offset_id 63 is defined as the broadcast address for all
nodes on the same bus. It can be used to quickly program common values shared by all nodes. Offset_id
62 is defined as the local self_id node; i.e., it is used to read and write CSRs on the local module itself.

This chip set supports only node-side 0, so the node count s limited to 31 per physical bus. The FB+ standard
defines control spaces for a tot