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PREFACE

This report represents the Contract Data Requirements List (CDRL) item
A011 for work being performed under VHSIC Phase 2 Contract Number
DAAK20-85-C-0367. The work reported herein is in response to Statement of
Work paragraph 3.5.1, "Interoperability Standards". A significant portion
of this work was performed jointly by the primary VHSIC Phase 2 contractors:
IBM, Honeywell and TRV.

Specifications have been developed for:

. a8 standard interconnect system bus called the PI-bus (Appendix
B),

i a standard system maintenance bus called the TM-bus (Appendix C),

. a standard chip level maintenance bus called the ETM-bus (Appen-
dix D) and

. electrical and clocking interfaces to VHSIC chips (Appendix E).

IBM has developed a Bus Interface Unit (BIU) chip in 0.5 micrometer
CMOS technology to implement the PI-bus standard. A chip called the Diag-
nostic and Maintenance (DxMD) controller has been developed to support the
module level maintenance bus standard (TM-bus). The ETM-bus is supported by
an On-chip Monitor (OCM) macro which is used on each VHSIC chip. These
development activities are described in related technical reports (CDRL
Items A0O05, A00O6 and A009).

iv




Section 1
INTRODUCTION

The text of the VHSIC Statement of Work pertaining to the work
reported herein is repeated below for reference:

" 3.5.1 Interoperability Standards: Interface/interoperability stand-
ards shall be established by agreement among all VHSIC Phase 2 Submi-
crometer contractors and the Government COTR's to assure that all chips
developed under the VHSIC Phase 2 Submicrometer program are interopera-
ble, both electrically and physically. Standard voltage level(s) shall
be established and utilized for all chips and input/output levels shall
be equivalent for all chip interfaces, whether contained in a single or
multi-chip package. A VHSIC halfmicrometer Bus Interface Unit (BIU)
chip shall be developed to facilitate module interoperability with a
standard interconnect system bus. The BIU and any other VHSIC chips
developed under this Phase 2 VHSIC Submicrometer program shall inter-
face directly to a standard system maintenance bus to be defined by
agreement among all the VHSIC Phase 2 Submicrometer contractors and the
Goverﬂment COTR's. All these standards shall be documented and deliv-
ered.

The goal of the interoperability task is to develop a set of standards
that will allow VHSIC technology from various contractors to be integrated
into DoD systems in an efficient and cost effective manner.

To meet the interoperability goal, we have identified requirements for
interoperability standards at both the chip and module levels. The chip
level standards include clocks, power supply voltage levels, input/output
(I/0) levels and an element maintenance bus (ETM-bus). These standards are
intended to reduce the cost of using chips from different VHSIC contractors
in one DoD system.

The standards developed for the module level are a system interconnect
bus (PI-bus) and a system maintenance bus (TM-bus). Together, these stand-
ards provide the communications paths that will allow future DoD systems to
be designed using open systems concepts in which modules from different con-
tractors can be efficiently combined to configure new systems. These stand-
ards are already reducing DoD costs and development schedules by simplifying
system development and promoting reuseability of modules across DoD systems.
The PI-bus and TM-bus standards are compatible with VHSIC Phase 1 technology
as well as VHSIC Phase 2 technology. As a result, these standards are being
put to immediate use in DoD systems such as CVIS, LHX, ATA, and ATF. We
recommend that DoD adopt the VHSIC bus standards presented herein as general
DoD standards and continue applying these standards to DoD programs. This
will facilitate future system upgrades to VHSIC Phase 2 technology.

Figure 1-1 illustrates the relationship between the interoperability
standards and a typical DoD system. The PI-bus and TM-bus provide inter-mo-
dule communications throughout a backplane. The PI-bus provides a communi-
cation path for system control messages and moderate bandwidth data. The
multi-drop bus structure and supporting protocol form an efficient mechanism
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for transferring short, low latency messages typical of system control. The
PI-bus, although limited by transmission line propagation delays rather than
BIU technology, still provides block data transfer rates in excess of 50
megabytes per second. The TM-bus interconnects Maintenance Controllers,
such as IBM's DxMD, that are distributed throughout the system. The Mainte-
nance Controllers, in turn, provide an interface to the local ETM-buses
which extend the maintenance communication channel down to individual VHSIC
chips. Together, the TM-bus and ETM-bus provide a cost effective, independ-
ent communications channel that supports error logging, diagnostics and sys-
tem maintenance actions. Features of these buses and the rationale which
guided their development are given in "2.0 PI-BUS STANDARD," "3.2 TM-bus"
and "3.3 ETM-bus.” The chip clocking, power supply, and input/output level
standard is described in "4.0 ELECTRICAL AND PHYSICAL STANDARDS."
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Section 2
PI-BUS STANDARD

2.1 INTRODUCTION

The PI-bus Specification has been developed to satisfy the requirement
for a "standard interconnect system bus”. Specifically, the PI-bus provides

a multi-drop, module-to-module communications path for control messages and
moderate bandwidth data.

The requirements for the PI-bus were based on the VHSIC Phase 2 brass-
boards, current DoD system designs and projected DoD system applications.
Applications considered include flight control, image processing, general

signal processing, spacecraft applications and general purpose distributed
processing.

The preliminary PI-bus Specification was released to DoD for comment
on May 10, 1985. An updated version of the specification is provided as
Appendix B. PI-bus design rationale and the major features of the bus are
summarized in the following section.

2.2 FEATURES

The PI-bus specification defines a linear, multi-drop, synchronous bus
which supports digital message communications between up to 32 modules
residing on a single backplane. Messages are transferred datum serial and

bit parallel using a datum size of 16 bits (single word) or 32 bits (double
word).

The PI-bus is specified at the physical and data link levels of the
open systems interconnect reference model. By using the open systems inter-
connect model, we were able to develop a bus specification that is applica-
ble to a large variety of DoD systems. Device functions are separated from
PI-bus functions which are separated from the functions of higher levels of
the cpen systems protocol (network layer and above). This approach lets us
ensure that the PI-bus provides the necessary functions to the rest of the
system without imposing unnecessary requirements on the rest of the system.
In addition, this approach allows independent development of specifications
for other system layers and isolates the VHSIC hardware from the many
required variations of the higher level layers.

Figure 2-1 illustrates the conceptual model of the PI-bus and PI-bus
modules. Each module attached to the PI-bus consists of a device which per-
forms the application specific function of the module and a bus interface
which implements the PI-bus master-slave communications protocol.
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The PI-bus provides separate address spaces for the device and bus
interface segments of a module. This design avoids potential conflicts with
the device's memory management system. The device itself is modeled as a
virtu.y memory space with a 32 bit address range. Thus, future DoD systems
wi*a 32 bit address devices are fully supported. The bus interface is mod-
eled as a separate memory space with 256 addressable data link registers.
The control registers of the BIU are mapped into this address space. Six
additional 256 word bus interface address spaces are provided to support
user specific functions and higher level protocols. These address spaces
have been made accessible from the bus via BIU command messages so that the
configuration of the bus can be controlled at the system level.

PI-bus protocol allows the current bus master to communicate with one
or more slave modules simultaneously. The slave modules are selected to
participate in a message transfer by an 8-bit virtual module address called
the slave identification (slave ID). Each module is assigned a unique phys-
ical identification code in the range of 0 to 31. This allows messages to
be directed to specific modules and is particularly useful during system
initialization and maintenance actions. Every module also recognizes iden-
tification code 32 as a broadcast indication. This slave addressing mode
provides an efficient method for sending system wide messages. In additionm,
modules can recognize up to 223 logical slave identification codes. The
system programmer's task can be simplified by assigning unique logical slave
identification code(s) to each module on the basis of the tasks which that
module is capable of performing. The programmer is then freed from concern
about the module's physical address which may change with various system
configurations or fault recovery actions. Since a logical slave identifica-
tion can be assigned to more than one physical module, this address mode
also provides a mechanism for multicast operations in which the master
simultaneously writes to a selected subset of the modules on the bus. Thus
the master can efficiently send messages to groups of modules.

As illustrated in Figure 2-2, the PI-bus protocol specifies a set of
bus state transitions which control the communication sequences. The state
sequences are designed to allow the bus to cperate in a pipelined manner at
the maximum clock rate allowed by the bus signal propagation delay. Mas-
ter-slave handshaking is provided with a minimal performance penalty by
operating the slave modules in synchronism with the master and using bus
state look-ahead techniques. The slave modules are able to anticipate nor-
mal message events, such as acknowledge cycles, and respond on the same
cycle that the master uses to signal the event. This provides a significant
performance advantage over conventional buses which require several bus
transit times for the slave to receive the master's signal, interpret the
signal and send the appropriate response to the master. A number of inde-
pendent messages may be transmitted during a bus master's tenure to minimize
the overhead associated with acquiring bus mastership and ensure that the
bus master can coordinate interdependent messages. For example, in a system
which uses course grain data flow control techniques the master would issue
produce and consume messages during a single bus tenure.
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A decentralized control structure was selected for the PI-bus to
improve the reliability of the bus. No central module is required for oper-
ation of the bus and the PI-bus transceivers are designed to fail in a high
impedance mode. Thus, the failure of one or more modules attached to the
bus does not inhibit the operation of other modules on the bus. The arbi-
tration mechanism allows potential bus masters to compete (vie) for master-
ship of the bus based on a 12 bit priority code. A large number of priority
levels allows message priority to be resolved between individual tasks that
may be concurrently executing on various modules rather than limiting prior-
ity resolution to a module level. A unique error detection and correction
mechanism 1is incorporated into the arbitration procedure to maintain the
integrity of the process. In addition to the Vie priority resolution
sequence, the PI-bus provides a direct tenure pass mechanism. This allows
the implementation of deterministic token passing systems such as those
required for flight control.

A technique for temporarily suspending low priority block data trans-
fers to reduce bus acquisition latency for higher priority messages is
defined. This suspend/resume mechanism works in conjunction with a vie
interval timer to allow system level control over bus acquisition latency.
A bus master's tenure may be suspended to allow a higher priority message to
be sent over the bus. After the higher priority message has been trans-
ferred, bus mastership can be returned to the original bus master and the
suspended message transfer can be resumed. A current bus master can also
suspend a low priority message to transmit a higher priority message. The
number of levels of suspended messages is not limited by the bus protocol.

Extensive signal 1line and sequence error detection capability is
incorporated into the bus definition. Five major classes of signal lines
make up a PI-bus: 1) Data Group, 2) Cycle Type Group, 3) Acknowledge Set, &)
Wait and 5) Bus Request. Single line error correction is provided for each
signal group. A compatible subset of the bus provides single line error
detection and allows performance and line count to be traded against error
correction capability to achieve the best overall system characteristics.
The number of bus signals required to implement the full 32 bit bus with
error correction is 58. A 16 bit bus with error correction requires 42
lines. For the error detection case, 16 and 32 bit buses requi.e only 29
and 46 lines, respectively.

The PI-bus provides a mechanism which allows the master and slave(s)
to control the transaction rate of the bus by inserting "wait" cycles. This
mechanism allows the bus to support various types and performance levels of
devices. A bus clock rate in excess of 12.5 MHz is feasible for a large bus
configuration (32 modules and 24 inches). Higher clock rates are possible
for shorter buses and/or fewer modules. For a 12.5 MHz bus clock, the
PI-bus meets all defined performance benchmarks.
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Section 3
SERIAL TEST AND MAINTENANCE BUS STANDARDS

3.1 INTRODUCTION

The serial test and maintenance bus has been defined on the basis of
the VHSIC Phase 2 brassboards, current DoD systems designs and projected DoD
system applications. The resulting specifications were prepared by IBM,
 Honeywell, and TRW with DoD direction to achieve interoperability goals and
requirements.

The basic intent of the VHSIC Phase 2 Test and Maintenance bus (TM-bus)
is to provide a standard communications path for transferring test and diag-
nostics messages and data between modules residing on a single backplane.
The overall purpose is to standardize the test and maintenance interface so
that a subsystem comprising multiple vendor chips and/or chip sets can be
monitored by a single (general purpose) maintenance controller. To effec-
tively address the chip-level communications path, the Element Test and
Maintenance bus (ETM-bus) has been defined.

The TM-bus was designed to interface at the module level. An evalu-
ation was made for three possible levels (i.e. the chip level, Multi-Chip
Package (MCP) level, and the module level). After an evaluation of the pros
and cons of each interface option, it was apparent that there were a number
of problems with interfacing the overall TM-bus directly to every chip.
Therefore, the TM-bus will connect to either Diagnostic Maintenance Devices
(DxMD) or Test and Maintenance Processors (TMPs) or similar devices at the
module level.

With DxMD/TMPs devices connected to the TM-bus, the DxMD/TMPs interface
to individual vendor chips by means of a secondary bus known as the ETM-bus
which is more appropriate at the chip 1level. This reduces the
traffic/congestion on the TM-bus and increases the fault tolerance of the
backplane TM-bus by reducing the number of lines and drops. In addition,
hardware required on each VHSIC Phase 2 chip to communicate over the TM-bu:
is reduced while while test capabilities are enhanced.

With the TM-bus connected to a module via a DxMD type device, chip-
level interoperability becomes more achievable with minimal impact to each
contractor. Therefore, with the TM-bus connected at the module level, the
following would hold true:

1. TM-bus transceivers are connected to a module via a DxMD or
similar device (like Honeywell's TMPs).

2. Bus commands are easier to standardize at the module level.

3. Bus connections are reduced, which aids fault tolerance.

4. DxMDs are not required for each MCP.

5. Clock control and distribution would still be handled by the On-Chip
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9.

Monitor (OCM) which is controlled by the DxMD and the TM-bus MASTER.

. Self-test of all of the chips would take less time since each DxMD

can initiate testing on each module.

. Interrupt handling becomes simpler since the DxMD screens data

before notifying the TM-bus MASTER.

. Chip-to-chip and MCP-to-MCP interconnect testing would be

handled by the DxMD device while module-to-module interconnect
testing would be controlled by the TM-bus MASTER.

The ETM-bus is more simple and efficient for chip test
requirements without burdening the TM-bus.

In summary, the two level (TM-bus for module level and ETM-bus for
chip level) bus structure has the following advantages:

Reduces on-chip interface circuitry.
Chip address identification is more straight forward.

Chip-to~chip interconnect testing is more efficient.

. Allows support of vendor specific test technologies/designs.

Fault tolerant TM-bus variations are easier to implement.

. Simplifies/standardizes DoD testing of various vendor modules.

. Fewer connections on a single bus minimizes application problems.

* Higher fault tolerance,

* Less chip hardware for re-drive,

* Does not limit maximum bus frequency, and
* Speeds up interrupt screening/handling.

Some of the key test and maintenance bus features are summarized

below.

1.

2.

Accommodates off-line and real-time testing.
** Interrupt capability for real-time applications.
** Provides for scan data (long data vectors) or
test commands (short/simple) for off-line or
background testing.
Protocols and standard commands kept simple.

** Hooks provided to accommodate contractor specific
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requirements.

3. 4-wire system chosen for best compromise between implementation
simplicity and system reliability.

4. Error detection (1 bit packet parity)

5. Provides interface capability with non-VHSIC Phase 2 modules.

The preliminary TM-bus Specification was released to DoD for comment
on May 10, 1985. The preliminary ETM-bus Specification was released to DoD
for comment on July 1, 1985. An updated version of the TM-bus Specification
is provided as Appendix C and an updated version of the ETM-bus Specifica-
tion is provided as Appendix D. Major features of both buses are summarized
in the following sections.

3.2 TM-BUS

The TM-bus specification establishes the electrical, functional and
performance requirements for the set of signal lines that constitute the
Test and Maintenance Bus (TM-bus).

The purpose of this standard is to establish requirements for the
TM-bus and facilitate interoperability of modules that use the TM-bus.

The TM-bus is intended as a serial path for test and maintenance con-
trol and data information.

The TM-bus is a linear, wmulti-drop communications medium which trans-
fers bit serial data between a 'MASTER' module and up to 32 'SLAVE' modules
residing on a single backplane.

TM-bus modules implement the TM-bus protocol and meets all require-
ments of the referenced specification.

Figure 3-1 illustrates the TM-bus and TM-bus modules. Conceptually,
each module consists of a device that performs the application specific
function of the module and a bus interface which implements the TM-bus mas-
ter-slave communications protocol.
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The TM-bus signal, and clock lines are defined in the following para-
graphs.

There are four signal types that make up the TM-bus as shown in
Figure 3-2 on page 3-5. All bus signals shall use negative logic, i.e. the
logic 'l' state (or asserted state) is the lowest voltage level on the bus
and the logic '0' (or released state) is the higher voltage level on the
bus.

The TM-bus CLOCK signal is a single phase clock. The TM-bus interface
shall support the full range of clock frequencies from zero (0) Hz to 6.25
MHz. All control and data transfer operations are synchronized with the
TM-bus CLOCK signal. All data and commands are placed on the TM-bus on the
high to low transition of the clock and latched-in on the next high to low
transition.

The TM-bus MASTER DATA signal is a single uni-directional line used to
transmit device addresses, instruction data, and/or scan data from the MAS-
TER to the SLAVE(s). The MASTER DATA line is also used in conjunction with
the CONTROL line to indicate bus states.
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The TM-bus SLAVE DATA signal is used to transmit acknowledgements,
data, and/or interrupts from the SLAVE(s) to the MASTER. The TM-bus SLAVE
DATA line supports a wired-OR configuration.

The TM-bus CONTROL signal is a single uni-directional line from the
MASTER to the SLAVES(s). When the CONTROL line is asserted the bus is
placed in the DATA TRANSFER state. When CONTROL is released, the bus is in
the PAUSE or IDLE state.

FROM CLOCK SOURCE

I
TM-bus R L L L E L PP >| SLAVE
MASTER MASTER DATA
.............. Somad
| CONTROL |
--------------- Gaad>
SLAVE DATA |||
Cesoncasaccwnan +++0--
[
| i
J HHH
[
[ 4
uil s > TO OTHER SLAVES

Figure 3-2. TM-bus Signals

Each TM-bus SLAVE is addressed by an eight bit address field. This
address shall be sent in the HEADER packet containing the five (5) bit mod-

ule address (bits <16..12>) and the three (3) bit sub-address (bits
<11..9>).

The five-bit module address field in the HEADER shall be compared to
five Module IDentification (MID) inputs to determine if the SLAVE is being
addressed. As a minimum, each SLAVE shall also have a Module Identification
Parity (MIP) input that shall be set such that the modulo two sum of the
five MID inputs and the MIP input equals one (1). (Note: The asserted state
of each input is a logical one.) When used in conjunction with the VHSIC
Phase 2 PI-Bus, it is recommended that each TM-bus SLAVE module shall have
its MID and MIP inputs hardwired to the backplane of the TM-bus (reference
Section "4.2.4 Module Identification” of the PI-bus Specification, Version
2.1 dated September 25, 1986). If an unrecoverable error occurs on the MID
inputs, the TM-Bus SLAVE shall not execute any commands and shall release
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the SLAVE DATA line.

Comparison of the three (3) sub-address bits from the HEADER packet
against Sub-address IDentification (SID) inputs is optional.

Module addresses '0O' through '30' have a maximum of eight subad-
dresses. Address '31' is limited to three subaddresses ('F8', 'F9', and
'FA' HEX) due to restrictions of broadcast and multicast commands.

The Test and Maintenance Bus (TM-bus) is the channel for control and
data information flow between the TM~-Bus MASTER (e.g., a maintenance con-
troller) and SLAVE modules within a system. The module in control of the
TM-bus is referred to as the MASTER and all other modules on the TM-bus are
referred to as SLAVES. The information transferred and the scheduling of
data and commands are system dependent and is not addressed in the specifi-
cation. Figure 3-3 on page 3-7 summarizes the TM-bus design parameters and
characteristics.

o Performance Characteristics o Protocol Characteristics

6.25 MHz clock (Typical) - 8 reserved address bits

4 pin bus signals

32 module addresses (maximum)

Synchronous Operation 8 sub-addresses per module

address

Two Data Lines

Multi-drop Configuration

SLAVE status register Interrupt Capability

L e ——————————— e e

|
|
|
|
|
!

Figure 3-3. TM-bus Design Parameters and Characteristics

For additional details on the bus protocol, standard commands,
error/status reporting, etc. please refer to the TM-bus specification.

3.3 ETM-BUS

The ETM-bus specification establishes the electrical, functional and
performance requirements for the set of signal lines that constitute the
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Element Test and Maintenance Bus (ETM-bus).

The purpose of the standard is to establish requirements for the ETM-
bus and facilitate interoperability of VLSI chips which use the ETM-bus.

The ETM-bus is intended as a serial path for test and maintenance con-
trol and data information at the chip level.

The ETM-bus is a communications media which transfers bit serial data
between a 'MASTER' device (CONTROLLER) and up to 32 logical 'SLAVE' elements
interfacing to a single ETM-bus CONTROLLER.

Figure 3-4, illustrates the ETM-bus and ETM-bus elements. Conceptu-
ally, each element consists of a device which performs the application spe-
cific function of the chip and a bus interface which implements the ETM-bus
master-slave communications protocol.

6 f ]
) . / —| ETM-bus SLAVE 0 |
' e—_ il |
I 6
i / ETM-bus SLAVE 1
ETM-bus | 6 6 r .
MASTER/ F—/ . / —| ETM-bus SLAVE 2 |
CONTROLLER L J
6 1
4 (DxMD/TMP | . / ETM-bus SLAVE 3 |
———/——] or similar J
TM-BUS | device)
|
I
| 6 I 1
| / —| ETM-bus SLAVE 31 |
' — ]
I
}

L ]

|

|

/1
FROM CLOCK SOURCE
Figure 3-4. Conceptual Model Of ETM-bus Elements

The ETM-bus signal and clock lines are defined in the following para-
graphs.
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Lines are designated by name. When a set of related bits are repres-
ented by the same name, the bits within the set are differentiated by number
with the most significant bit (MSB) numbered 0. All fields are referred to
by their bit position within a data word transferred over the ETM-bus. All
ETM-bus signals are defined in the following paragraphs. A "-" symbol asso-
ciated with a signal means that the signal is active low.

There is a minimum of six signal types that make up the ETM-bus as
shown in Figure 3-5 on page 3-9. Additional lines, to accommodate enhanced
application requirements, are not precluded. SELECT and INTERRUPT are nega-
tive logic and all other signals shall use positive logic.

FROM CLOCK SOURCE
|
|

r — REFERENCE | CLOCK r
| | < . >|
| | |
| DATAIN i
ETM-bus | >} ETM-bus
4 CONTROLLER DATAOQOUT | SLAVE
_—— < |
TM-BUS | | SELECT |
DxMD/TMP | >|VHSIC P2
or similar INTERRUPT |Chip OCM
| device < | interface
| MODE |
| >
| I
L J {

Figure 3-5. ETM-bus Signal Types

All data transfer operations are synchronous with the REFERENCE CLOCK
(REF CLK) signal. All bus activity shall be relative to the high-to-low
transition of the REFERENCE CLOCK. The CLOCK signal will be single phase.

The ETM-Bus interface should support the full range of clock frequencies
from zero (0) to 6.25 MH=z.

The ETM-bus DATAIN signal is a single unidirectional line into the
SLAVE. Instruction data and scan data are transmitted to the SLAVEs over
the DATAIN line. In the star configuration, the DATAIN signal is sourced
from the CONTROLLER. In the ring configuration, the DATAIN signal is sourced
from either the CONTROLLER or another SLAVE.
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The ETM-bus DATAOUT signal is a single unidirectional line from a
SLAVE. In the star configuration, the DATAOUT signal is transmitted from
the SLAVE to the CONTROLLER. In the ring configuration, the CATAOUT signal
is transmitted from the SLAVE to either the CONTROLLER or the DATAIN pin of
another SLAVE. The DATAOUT line supports three-state operation. The DATAOUT
signal will be in the high-impedance state when inactive (e.g., not in a
logic 1 or 0 state).

The SELECT signal line (-SEL) is unidirectional from the CONTROLLER to
the SLAVEs. The SELECT signal line defines when data transfer operations are
to occur. SELECT becomes asserted (low) one cycle before instruction or
scan data is serially transferred across the DATA lines. SELECT is released
one cycle before the end of a data transfer. In a ring bus structure, where
all SLAVEs share a common SELECT, all SLAVEs are selected simultaneously.
In a star bus structure, all SLAVEs have a separate SELECT line.

INTERRUPT (-INT) is unidirectional from the SLAVES to the CONTROLLER.
The INTERRUPT line is asserted (low) to indicate that an event (such as an
error or other predetermined condition) has occurred. The INTERRUPT line
remains asserted until the interrupt is serviced. The INTERRUPT line shall
support a wired-OR configuration. The INTERRUPT line may operate asynchro-
nously.

The ETM-bus MODE signal is unidirectional from the CONTROLLER to the
SLAVE. MODE shall be used to establish the type of operation that is per-
formed when SELECT is being asserted (see Figure 3-6). MODE must be valid
one cycle before instruction or scan data is serially transferred across the
DATA lines and remain stable for the length of the transfer. The MODE line
shall stay valid as long as SELECT is asserted.

| Figure 3-6. ETM-bus MODE Line Definition
[

L

|

N ! l
| | l
| MODE | OPERATION |
— |

0 | INSTRUCTION/STATUS |

~+ — I

S SCAN | |

i ] ‘

|

l

- |

The use of the ETM-bus shall be defined by the level of the SELECT line
and the MODE line. Two types of data transfer operations can take place on
the ETM-bus as specified in Figure 3-6 on page 3-10. Data transfers are to
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end by no more than one (1) clock cycle after the SELECT line is released
(high).

The Element Test and Maintenance Bus (ETM-bus) is a channel for control
and data information flow between & module maintenance controller and the
individual elements (e.g., VHSIC Phase 2 chips) within the module. The mod-
ule maintenance controller may be implemented as a Test and Maintenance Bus
(TM-Bus) SLAVE as described in the TM-Bus specification. The module mainte-
nance controller is referred to as the CONTROLLER and all other elements on
the ETM-bus are referred to as SLAVEs. The information transferred and the
scheduling of data and instructions is system dependent and is not addressed
in the specification. Figure 3-7 on page 3-11 summarizes the ETM-bus design
parameters and characteristics.

| Figure 3-7. ETM-bus Design Parameters and Characteristics
L

1
o Performance Characteristics o Protocol Characteristics {
~ 6.25 MHz clock (Typical) - Each ETM-bus logically supports |
- Unidirectional data lines up to 32 SLAVE devices i
- Minimum of 6 pin bus - Supports ring and star |
signals configurations |

~ TTL compatible - Interrupt Capability
|
|
|
J

For additional details on the bus protocol, commands, error/status
reporting, etc. please refer to the ETM-bus specification.
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Section 4
ELECTRICAL AND PHYSICAL STANDARDS

4.1 INTRODUCTION

The basic electrical and physical requirements for supporting the PI-
bus, the TM-bus and the ETM-bus are contained in the specifications for
those buses. The rationale for those requirements is discussed below. The
status of work on the chip power supply and Input/Output (I/0) voltage level
standards is given in "4.3 Chip Power Supply And I/0 Voltage Standards."

4.2 PI-BUS AND TM-BUS ELECTRICAL DESIGN

Design considerations and rationale for the electrical design of the
PI-bus and TM-bus are given below. Representative results of simulations

that were performed to support the electrical design are provided in Appen-
dix A.

High performance multi-drop buses represent a significant electrical
design challenge. A bus that is capable of interconnecting modules across a
backplane at transaction rates in excess of a few megahertz must operate in
a transmission line environment. The electrical design must focus on the
issues of bus driver power, signal reflections, noise and signal propagation
time on the bus. Since the power required to drive the bus precludes direct
drive from the VHSIC BIU chip, these issues are independent of the use of
VHSIC Phase 2 technology. Thus, the minimum transaction rate of the bus is
primarily determined by the characteristics of the backplane transmission
line and the bus transceiver.

The distributed inductance and capacitance of the signal lines in the
backplane determine the characteristic impedance of the transmission line
and the propagation delay of signals on the line. The characteristic impe-
dance (20) of the line is given by:

20 = SQRT(L/C)
and the propagation delay of the line per unit length is

TO = SQRT(L*C)
where L is the inductance and C is the capacitance of the line per unit
length.

A high characteristic impedance is desirable to minimize the power
required to drive the transmission line. To minimize the propagation delay,
the inductance and capacitance of the line must be minimized. In practice,
these quantities are limited by the dielectric material and line spacing
used in the backplane. Typical values for an unloaded transmission line are

L = 8.6 nanohenries per inch and

C = 2.9 picofarads per inch
which yield
20 = 54.5 ohms and
TO = 0.16 nanoseconds per inch or 1.9 nanoseconds per foot.

As shown in Appendix A, two point nets using this type of line can be driven
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by standard TTL devices such as the 54F244 transceiver.

The situation is quite different for signal lines required on a mul-
ti-drop bus. The distributed capacitance added to the transmission line
when modules are plugged into the backplane drastically lowers the charac-
teristic impedance of the line and increases the propagation delay for sig-
nals on the line. For a conventional bus design based on TTL or CMOS
drivers, each module adds approximately 30 picofarads to the line capaci-
tance. For a typical module spacing of 0.65 inches, this represents an
additional load of 46 picofarads per inch. The loaded transmission line
characteristic impedance, Z, becomes approximately 13 ohms and the loaded
propagation delay, T, becomes 0.65 nanoseconds per inch (7.8 nanoseconds per
foot). Furthermore, the modules no longer drive the bus line from the end
of the net. As a result, the modules must drive one-half the characteristic
impedance of the line. For our example, this is only 13/2 = 6.5 ohms. This
low impedance precludes initial wave switching with conventional drivers.
Without initial wave switching, several round trip delays on the bus (at 31
nanoseconds each for a two foot long bus) may be required for the signal to
settle. The settling time is extended by the lack of proper bus termi-
nation. However, if termination close to the characteristic impedance of
the bus is used, TTL drivers are not capable of maintaining acceptable DC
voltage levels. If the size of the driver transistor is increased to pro-
vide initial wave switching and acceptable DC levels, their output capaci-
tance increases. This lowers the effective impedance of the transmission
line, requiring still higher drive currents. Thus, another design approach
is required to obtain incident wave switching.

For VHSIC, we have adopted an electrical design derived from the IEEE
Futurebus (P896). The output capacitance of the bus drivers is reduced by
using open collector drivers and isolating the drive transistor capacitance
from the bus with a series Schottky diode. This produces a nominal low vol-
tage on the bus of one Volt. To minimize power consumption, a termination
voltage of two Volts was selected. The one Volt logic swing improves per-
formance and reduces the power required to drive the bus as compared to a
typical TTL design which has a logic swing of three Volts or CMOS which has
a logic swing from ground to the power supply rail (typically 3 to 5 Volts).
Noise margins are maintained by using a differential receiver circuit which
has a narrower threshold range than conventional TTL receivers and by set-
ting the receiver threshold in the center of the logic swing. In addition,
the receiver provides noise rejection for pulses up to &4 nanoseconds wide.
Using this transceiver design, the load which a module places on the bus is
significantly reduced. For a typical module capacitance of 12 picofarads
and a 0.65 inch module spacing, Z becomes approximately 20 ohms and T is
0.43 nanoseconds per inch (5.2 nanoseconds per foot). With this improved
design, initial wave switching is achieved.

The termination impedance is typically chosen to be slightly higher
than the characteristic impedance of the line to further reduce power con-
sumption. For a 20 ohm line, a termination impedance of 30 ohms at each end
of the bus is sufficient to control reflections on the bus and provide a
low-to-high transition time that matches the high-to-low transition time.
The PI-bus and TM-bus specifications allow termination impedances between 30
and 40 ohms to permit power/performance optimization for various bus config-

4-2




urations.

The bus simulations described in Appendix A show that for a single
active driver, the settling time for a VHSIC bus design is approximately 13
nanoseconds versus approximately 41 nanoseconds for a conventional TTL
design. For multi-drop buses, there are multiple active drivers that may
produce a "wire-ored glitch" and extend the bus settling time. The glitch
may occur whenever one module releases a bus line and another module drives

the line. Thus the "wire-ored glitch" occurs on both wire-ored and
three-state buses. The VHSIC bus design minimizes "wire-ored glitch"
effects. However, the settling time may still be extended by up to the

transit time of the bus (T times the bus length). For a typical bus length
of 20 inches, this adds approximately nine nanoseconds to the bus delay and
produces a total bus delay of 22 nanoseconds.

The power required to achieve this performance on a multi-drop back-
plane bus is excessive for a single VHSIC chip. Therefore, separate bus
transceivers will generally be used to drive the bus. By decreasing the
size and power consumption of the VHSIC BIU, the external transceivers will
decrease overall cost and increase the reliability of the BIU chip.

We have conceived a bus transceiver that provides additional advan-
tages over current designs by incorporating a transparent latch between the
BIU and the bus driver device. The transceiver configuration and timing are
illustrated in Figure 4-1. The transparent latch allows the BIU to drive
the wired-or bus lines during the first half of the bus cycle and to inde-
pendently sense the actual bus signal value during the second half of the
bus cycle. As a result, the BIU does not require special timing signals or
extra bus data input pins. Also, failures in the interface circuit can be
detected by the associated BIU.

Signetics has developed an octal PI-bus transceiver (PN 54F776) which
provides the transparent latch.

4-3




" BIV BUS TRANSCEIVER
WIRE-OR
ENABLE TRANSPARENT 8US
wten] 1 AN
) A 1% L 8
OFF-CHIP ON-CHIP BUS
DRIVER RECEIVER DRIVER
ENABLE
LATCH ] | j ]
ON-CHIP OFF-CHIP BUS
RECEIVER DRIVER RECEIVER
§
le——— BuscYCLE ——]
BUS CLOCK —\ [ \
BIU ACTION | DRIVE BUS —s-}e— SENSE BUS —|

BiU DATA OUT  UNDEFINED

DATA ON BIU PIN

BUS DATA
P99000000000000 WD VOO0
BIU OCD- ENABLE [ \ /""'

TRANSPARENT LATCH - MODE | o-TRANSPARENT-e—DATA HOLD—

-oaTAOUT __ XX X0C
TRANSCEIVER OCD - ENABLE  \— / I

DATA ON BUS LINE

Figure 4-1. Bus Transceiver And Timing Diagram




4.3 CHIP POWER SUPPLY AND I/0 VOLTAGE STANDARDS

VHSIC Phase 2 interoperability standards have been established for
chip power supply, I/0 voltage and clock requirements. These standards are
contained in Appendix E.

4.3.1 ETM-BUS ELECTRICAL DESIGN

The ETM-bus is expected to be driven directly from VHSIC chips using
the VHSIC chip I/0 standard.

4-5/(4-6 blank)




Appendix A
BUS ELECTRICAL SIMULATION
A.1 INTRODUCTION

A number of bus configurations have been simulated using the Advanced
Statistical Analysis Program (ASTAP - a standard IBM program product). The
simulations included conventional TTL driven buses and two point nets for
clock distribution in addition to the open collector terminated bus finally
selected for VHSIC use. Representative results are given below.

A.2 TRANSCEIVER CHARACTERISTICS

To establish a reference design, a conventional unterminated bus using
a standard 54F244 transceiver was simulated using actual device character-
istics. The open collector transceiver design selected for VHSIC was then
simulated using device characteristics based on the 54F244. Figure A-1
illustrates measured output current versus output voltage for the
low-to-high transition of the three-state 54F244 transceivers. Figure A-2
illustrates measured output current versus output voltage for the high-to-
low transition and Figure A-3 represents the input current versus input vol-
tage characteristic of the 54F244 transceivers. The characteristic curve
labeled CHAR-A represents the worst case device operation at low temper-
ature. This characteristic was used for simulation of the tri-state unter-
minated bus and an unterminated, single load net representative of the bus
clock distribution path. The characteristic curve labeled CHAR-B was used
to represent the pull-down characteristic for the output transistor in the
open collector bus transceiver selected for VHSIC use. Approximate voltage
versus current characteristics for the Schottky diode were combined with
CHAR-B to produce the final open collector bus transceiver characteristics
used in the simulations. The improved drive current represented by CHAR-B
was selected to achieve incident wave switching for the VHSIC PI-bus and
TM-bus with good noise margins. To achieve this current capability, the
VHSIC bus transceiver will use a slightly ‘larger transistor than does the
54F244 transceiver.
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A.3 SIMULATION RESULTS AND ASTAP MODEL

Figure A-4 illustrates the high-to-low transition for a 32 drop unter-
minated line driven by a 54F244 transceiver. The driver is not capable of
switching the line below the receiver threshold of 0.4 Volts on the initial
wave and there are multiple reflections. As a result the settling time is
41 nanoseconds. The low-to-high transition (not shown) is somewhat faster
at 21.5 nanoseconds.

Figure A-5 illustrates the high-to-low transition for the open collec-
tor bus transceiver selected for VHSIC. The signal line is 20 inches long,
has a characteristic impedance of 20 ohms, and is terminated through 30 ohms
to +2 Volts at each end of the bus. The VHSIC tramsceiver drives the line
below the receiver's low input threshold of 1.45 Volts on the initial wave
to achieve a settling time of 13 nanoseconds. The low-to-high tramsition
for this bus configuration is illustrated in Figure A-6. In this case the
settling time is only 12 nanoseconds. The ASTAP model used for these simu-
lations is given in Figure A-7.
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1
MODEL GETCI ¢ )
I8M INTERNAL USE ONLY
ELEMENTS

(3]
018 2 MODEL $34F2448(X-GND) (PD31)
L1$ 3 NODEL SS4FIN (X-GND)

D1X 3 MODEL $54F244B(Y-GND) (PDz0)
EB.GND-Z 3((VRIC.D1)+(RO¥PJDX.D1S))
JS.W-CND 3 (PJDX.D1S)

RS,4-GND 3 |

PJS = (JS)

LLy 3 POgEL MDICDE (1-66)

DL 3 M4 F244BC66-GND-X~Y) (AZ]l, PD=0,PRG30.0335)
Ll = MODEL MISFIN (2 ~GND)
L2 3 MODEL M34FIN (3 -GND)
L3 3 MODEL MISGFIN (& -GND)
L6 = MODEL MS4FIN (S -GND)
LS 3 MODEL MISFIN (6 ~-GND )
L6 2 MODEL MSSFIN (7 -GND )
L7 = MODEL MS4FIN (8 -GND )
L8 3 MODEL MS4FIN (9 =-GND )
L9 = MODEL MS4FIN (10-GND )
L103 MODEL MSGFIN (11-GND )
L113 MODEL MS4FIN (12-GND )
L122 MODEL M34FIN (13-GND)
L1332 MODEL MSGFIN (14-GND)
L1464 MODEL MS4FIN (15-GND)

ASTAP Modael For Opan Collector Driven Bus
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32 L1352 MODEL MS4FIN (16-GND )
33 L1862 MODEL M34FIN (17-GND )
3¢ L1723 MODEL MS4FIN (18-GND )
33 L18= MODEL MSGFIN (19-GND )
36 L193 MODEL MS4FIN (20-GND )
37 L203 MODEL MS4FIN (21-GND )
38 L212 MODEL MSGFIN (22-GND )
39 L222 MODEL MSGFIN (23-GND )
0 L232 MODEL MSGFIN (24-GND )
41 L2423 MOOEL MS4FIN (25-GND )
€2 L2532 MODEL MSGFIN (26-GND )
43 L1263 MODEL MS4FIN (27-GND )
4 L273 MODEL MSGFIN (23-GND

43 L2833 MODEL MS4FIN (29-GND

(13 L29% MODEL MS4FIN (30-GND

[ 24 (303 MODEL MS&FIN (31-GND

)

)

)

3

)
(34 X1 2 RLIN 2 (1-GND-2) (PL=0.6%)
30 TX2 = RLINE G52 (2-GND-3) (PLz0.465)
31 TX3 2 RLINE G52 (3-GND-4) (PL=0.45)
2 TX4 = RLINE G32 (4~GND-S) (PL=0.6%5)
53 TXS 3 RLINE 632 (5-GND-6) (PL=0.65)
54 I1X6 2 RLINE G32 (6~GND=7) (PL=0.65)
s3 TX7 = RLINE G32 (7-GND-8) (PL30.65)
36 IX8 3 RLINE G32 (8~GHD-9) (PL=0.55)
57 TX9 3 RLINE G32 (9-GND-10)(PL=0.43)
58 IX10% RLINE GS2(10-GND=-11)(PL=20.65)
39 TX112 RLINE GS2(11-GND-12)(PLz0.65)
60 I1X122 RLINE G32(12-GND=-13)(PL=0.65)
(2 TX132 RLINE GS2¢(13-GND-16)(PL=0.6%)
62 TX142 RLINE GS2(14-GND-13)(PL=0.65)
3 IX153 RLINE GS2(15-GND-16)(PLZ0.63)
[ 1] IX162 RLINE GS2(16-GND=17)(PL20.65)
[ 1] IX172 RLINE G32(17-GND-18)(PL=0.65)
. [1] IX182 RLINE GS2(183-GND~-19)(PLz0.63)
(24 TX193 RLINE G32(19-GND-20)(PL30.65)
68 IX202 RLINE G32(20-GND-21)(PL=0.65)
(34 TX212 RLINE G32(21~GHND=22)(PL30.45)
70 7X223 RLINE G$2(22-GND-23)(PL30.65)
71 TX233 RLINE GS2¢(23-GND-26)(PL29.43)
2 IX262 RLINE G32(24-GND-25)(PL=0.65)
73 1X253 RLINE G52(25-GND-26)(PL20.65)
76 TX263 RLINE GS2(26-GND-27)(PL=0.65)
73 IX27= RLINE GS2(27~-CND-28)(PL20.48)
76 TX232 RLINE G32133-GND-29)(PL=0.53)
177 TX293 RLINE G52(29-GND-30)(PL=0.55)
78 IJX303 RLINE GS2(30-GND~31)(PL=0.65)
1A TX313 RLINE G352(31-GND=32)(PL20.¢3)

Figure A-7. ASTAP Model For Open Collector Driven Bus (continued)
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1) FEATURES
81 .. CROUND T conDy s .
82 " RLINE G52 (N1-GND-NS$)
83 ELENENTS
84 Y0 3 0.139
H Pz )
8¢ CHATRIX 2 (PL1)
8 P11 3 2.91478
--n-% l z 4 ’---Q-----‘-------.-’.-
a8 MODEL MSAFIN (IN-GND)
8 ELEMENTS
9 CCONN. IN-GND24
9 LCONN . IN-13.015
92 CSTUB, 1-GND6.
3 LSTus.1-23.017
% JL.2-GND = TABLE LCVJL)
s CREC,2-GND = 10.
% FUNCTTONS
» TASCE U,
98 ~2.9, =121, ~-0.80, =36, -0.7. =10, -0.6, -02.3,
’” -6.45,-1.10, <0.28.-1.00,  0.2,-0.85, 0.5, ~0.75,
100 i.4. -0.5, 2.0, 0.02
. 1 2 . s 6 7-=
101 MODEL MDIODE (IN-OUT)
102 ELEMENTS
103 JU, IN=QUT= TABLE LCVJL)
104 Ri.IN-OUT21000
108 FUNCTTONS
106 TABLE L.
107 gomei 2202 800020027,.04,9,.06.11,.5,20, 6,88, .44, 110 ,
108 " HODEL SS5¢FIN CIN-GND) N "
ELEMENTS
CL.IN-GND = 2
JLIIN-GND =TABLE LCVJL)
FUNCTIONS
TABLE L,

2.0, =121, -0.88, -30, -¢.7, =10, ~0.6, -02.5,
=0.65,-1.180, -0.26.,~1.00, 0.2,-0.853, 8.5, -0.75,
1.4, -0.3, 2.0, 0.02

1 2 3
MODEL MS4F26448 (QUT-GND-X-Y)

4 Seccvancccfancnccncs)en

 od -t g P s L ol ad ]
el et et et LYY
PVIrUN ~ow

-

Figure A=7. ASTAP Model Fer Open Collactor Driven Bus (continued)




118 ELEMENTS
119 PR0O20.0S
120 PD=1
121 Azl
122 PX 3 1.1928
4 N2 (PrsPRT)
3
125 P DX, 2-GND=C ( (PDNCPTN=PTPI)+PTP ¢ ((1=¢2uPDIINPARCPTN=PTP)))I*A)
126 €X,2-GND 3 8.
127 RX.2-GND = 10E3
128 LSTus, 2-1 = .017
129 €STUB, 1-GND = 6.
130 LCONN, 1-0UT = .013
133 CCONN.OUT-GND = &
132 RIC,X-GND#10ES
133 RIMW,Y-GNDSL10ES
134 PIN 3 TABLE N (VJDX)
13% PIP = TABLE P (VJDX)
136 PA ZCCCCPTNP+PIAINPD)ISC(PTPNSPICINC(PD~1))+(PEX/PRO))I/PY)
137 PINP = TABLE N (PEY)
133 PIA = (=1%PJS)
139 PIC 3 (-12PJS)
1640 PEX = (((PDM(PVB=-PVA))S((1-PDIN(PVC~PVD)))IH(PEE))
141 PEE 3 (1-DEXP(=L1NC((PNNTIMEI®NN2)))
162 P8 = CCPD*C(PTNP=PTPP)) ¢ ((1-PDINCPTNN-PIPNI))
143 PEY = (PVA ¢ FEX)
146 PE2 = (PVC - PEX)
145 PTIPP 3 TABLE P (PEY)
146 PTINN = TASLE N (PEZ2)
147 PTPN = TABLS P (PE2)
148 PVB = (VRIW)
149 PYA = (VRIC)
150 PvC = (VRIC)
153 PVD = (VRIW)
152 FUNCTIONS
153 TABLE P,
154 -2.0.-133,=.5 ,-83.3 ,~.2 ,=73.3,.9, =67, 1.0, -33.3,
155 2.0,.0
156 TABLE N,
157 «2.0, ~125, -0.77, =125, =0.699,~12.3,-0.6%0, =4.99,
158 0.16,-2.63, .3,¢ ,.4,36.,.6,38,.9,106 ., 1.2, 108,
159 1.75, l1¢., 2.18%, 128, 2.75, 148, 3.5, 16é

Figure A=7. ASTAP Model For Open Collector Driven Bus {continued)
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Figurae A-7.

FEATURES
GLOBAL=(PJS)

2
MODEL $54F2448 (QUT-GND)

fm———
'3 -

»
n

ELEMENTS
PD3 1
JNA, QUT-GND=(PIN®(1-PD))
JPA,QUT=GNDS(PJPEPD)
PINSTABLE NC(VJNA)
PIPITABLE P(VJPA)
PIOXS(JINA+IPA)
RX.QUT-GND= 10E3
€X,0UT~-GND= &

FUNCTIONS
TABLE P,
;260.3133.-.5 »~83.3 ,-.2 ,-73.3..0, =67, 1.0, =33.3,

TABLE N,
-2.4, ~-123, -0.77, ~123, -0. 699.-12 3.=0.6640, =6.99,
0.14,-2.63, 0.2, ~1.0, 0. 223, 1.2, 238,
1.75, 248, 2.15, 288, 2. 75. 308, 3.5, 360
PO 00060 000000 L0600 0 A 000 00D DT 00 00060y D000 0606060005 6 006066 00 6 2 0
PART 2 OF THE INPUT DATA :

EXECUTION CONTROLS

L e

>

1 2 3
ANALYZE GETCL  (TRANSIENT)

RUN CONTROLS
START TIME = 0
STOP  TIME 3 50
PRINT INTERVAL = 1
STARTING STEP SIZE = 0001
MAXIMUM STEP SIZE s 1
MINIMUM STEP SIZE = .0000%
GRAPHICS

XN!TIAL CONDITIONS
.L18=2.90

vcx p132.0
VCX.D1822.0
VEX.D112.42

quTPuTS
PRINT,PLOT (COMMON SCALES)IN1,N2,N16,N32
PRINT PLOT JDX Dl. JL.t1,4L.131
PR RIC.DI, VRIW. Dl. €8, PJS,PTP.DL1,PTN.DI,
PA. Dl PTINP., DI.P!A.DI PEX.D1,PEE.D1,PB8.D1,PTPP DI,
PTNN. DL, VRO

- 1 2 3 % Jemcemcsccfecsancnes)me

"END N

ASTAP Modal For Opan Collaector Driven Bus (continuad)




To minimize clock skew, the PI-bus assumes that the bus clock is dis-
tributed directly to each module via two point nets. The electrical spec-
ification allows the use of standard TTL circuits for clock drivers and
receivers on the modules. Figure A-8 and Figure A-9 show the low-to-high
transition and high-to-low transition for an unterminated two point net dri-
ven by a 54F244 transceiver. In each case, the receiver at the far end of
the line switches on the incident wave. The high to low transition was
selected for the active edge of the bus clock because that transition is
sharper and exhibits fewer reflections.
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Pl-bus Spacification Varsion 2.2

ABSTRACT

This 3specification defines a linear, multi-drop, synchronous bus
(PI~-bus) which supports digital message communications between up to 32 mod-
ulaes raesiding on a single backplana. Massages are transfaerred datum serial

and bit parallael uaing a datum size of 16 hits (single word) or 32 bits (doubla
word),

The PI-bus uses a master~slave communications protocol which allows the
bus mastar to read data from ona slava or write data to any numbar of slaves in
a single maessage sequance. Massages may ha routed to particular modulaes using
eaither logical or physical addrassing. A number of independent messages may
be transmittad during a bus master's tenure. The messaga formats provide a 32
bit virtual addrass ranga for each modula.

Tha PI-bus protocol specifies a sat of bus state transitions which con-
trol the communication sequancaes and allow the bus to operate in a pipelined
manner at the maximum clock rate allowaed by tha bus signal propagation daelay.
Master-slave handshaking is providaed with a minimal performance penalty by
operating the alave modulas in synchronism with the master and using bus state
loock-ahaad.

A technique for temporarily suspending low priority block data transfers
to reduce bus acquisition latency for higher priority messages is dafinad.

Bus mastaership may be changed eithar by direct assignment or by priority
arbitration. Tha protocol definaes 128 logical lavaels of messaga priority and
32 levals of physical priority.

Extensiva signal lina and saeaquance error detaction capability is incor-
porated into thae bus dafinition. In addition, an optional si-qgle line error
corraction capability is spacifiaed.
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PREFACE

This document was jointly prapared by IBM, Honeywell and TRW in partial
fulfillment of Contract Data Requirements List (CDRL) item AO11l for work baeing
paerformad under VHSIC Phase 2 Submicrometer Technology Davelopmant contracts
DAAK20-85-C-0367, F33615-84-C-1500 and N00039-85-C-0111, respactivaly.
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PI-bus Specification Version 2.2

Section 1
SCOPE
1.1 SCOPE,

This spacification states the physical, electrical, functional and par-
formance requirements definaed for thae PI-bus.

1.2 PURPOSE.

The purpose of this standard is to establish requirements for the PI-bus
and facilitate interopaerability of modules which use tha PI-bus.

1.3 INTENDED APPLICATION.

The PI-bus is intended to provide a master-slave communications path for
transfaerring digital massages baetween a sat of up to 32 modulaes residing on a
single backplana.

1.4 CLASSIFICATION,

Bus configurations and modules which conform to this standard may be any
of the typas, classes and features specified belou:

Typa 16 16 bit data transfaers
Typa 32 32 bit data transfars
Class ED Error Dataecting

Class EC Error Correcting

Feature SO Slava Only oparation
Feature MS Mastaer and Slave operation

Busaes and modules shall be classified according to their maximum capabil-

ities. Bus sequences shall ba classified according to the Type or Class of
transfar actually used.

All modulaes and buses shall be capable of opaerating in Type 16, Class ED
moda. Typa 32 and Typa 16 modules shall bae intaropaerable on a Typa 32 bus whe-
re the Typae 32 modulaes may communicate using 16 or 32 bit transfaers but only 16
bit transfers are used whaenaver a Type 16 module is an active participant.
All activae modules on a given bus shall operate in the samae class.

B-11/(B-12 blank)




PI-bus Specification Version 2.2

Section 2
APPLICABLE DOCUMENTS
2.1 GOVERNMENT DOCUMENTS.

The following documents of the exact issue shown form a part of this
spacification to the axtent specified haerein. In the avent of conflict
batween the documents referenced haerein and the contents of this
spacification, tha contents of this spaecification shall ba considaered a super-~

seding requirement.

. None.
2.2 NON-GOVERNMENT DQCUMENTS,

The following documents of tha exact issue shown form a part of this
spacification to tha extant specifiad harein. In tha avent of conflict
batween the documents referenced herein and the contents of this
spacification, tha contents of this spacification shall ba considered a super-~
sading requiremant.

. Nona.

2-1
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PI1-bus Spaecification Varsion 2.2

Section 3
DEFINITIONS

The definitions listed herein shall apply to the PI-bus and PI-bus mod-
ulas.

3.1 IITEM DEFINITION,

Thae PI~bus is a linear, multi~drop communications medium which transfars
datum serial, bit parallel information among up to 32 modulaes residing on a
singlae backplanae. The datum size may ba a singlae word or a double word.

PI-bus modules are those modulaes which implement thae slave only or mas-
taer and slava portions of tha PI-bus protocol as specifiad harein.

Figure 3-1, illustrates the PI-bus and PI-bus modules. Conceptually,
each modula consists of a davice which performs the application specific func-
tion of tha modula and a Bus Interface uwhich implements the Pl-bus
master-slave communications protocol.

Thae davica portion of each module is modeled as a virtual memory space
with a 32 bit address ranga. The Bus Intaerface is modaeled as a separate memory
spaca Wwith an 8 bit Data Link register address ranga. A separate, 8 bit virtu-
al addraess called the slave ID is used by the bus master to select one or more
modulaes to participate in a particular communications sequance as slave(s).

3-1
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Figure 3-1.
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3.2 TERM DEFINITIONS,

Vaersion 2.2

The daefinitions given below shall apply to the PI-bus and Pl-bus

modules.

V{4

active Bus Interface

arbitration

assert (signal)

assartad (signal)

backplane

broadcast

bus acquisition latency

bus master

bus tenure

cantendaer

device

The concatanation oparator for groups of
bits.

A Bus Interfaca that is connaected to the bus
madia, and is currently capable of (and not
inhibited from) participating in bus trans-
actions.

The procaess by which a single bus master is
salaectaed from competing potential bus
mastars.

The action of changing tha state of a bus
signal 1line from released, logic 0, to
assaertaed, logic 1, or of ensuring that the
line remains in the assaerted stata.

The logic 1 stata of a bus signal line. The
least positive of the two states of a bus

signal line.

A motherboard comprising wiring for the bus
and connaectors to the modulas attached to the
bus.

A mode of oparation whare the bus master
transmits data to all modules during a single
transfar.

The time from the highaest priority module's
requaest for bus mastership to the tima at
which that module becomes bus master.

The modula curraently in control of thae bus.
The period between the time a bus master
gains control of the bus and the tima at

which control is released.

A potential bus master module which is
activaly vying for bus mastership.

Thae portion of a module, excluding thae Bus
Interfacae, which doas the application depend-
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double word

linear bus

modula

sulticast

non-transfer cycle

partial massage

post (symbol)

release (signal)

released (signal)
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ent function of thae modula.

An ordered set of 32 bits oparated on as a
pair of words or as a single unit. The most
significant bit of a double word is labaled
bit 31 and the least significant is labeled
bit 0.

A bus with a single sharaed maedium saegment.

A sat of sequences starting with a header
and terminating when all bus actions indi-
cated by that headar have been paerformed.

An aentity which is addraessable via the bus
and has a singla connaction to the bus.

A mode of oparation whare the master trans-
mits data to more than onae slave during a
singlae transfer.

A bus cycle that immaediately follows a bus
cycle in which a valid Wait is asserted or
one of thae VZ, HZ, DZ or HAZ cycles specifiaed
in the protocol. Information on thae Data
lines is not usaead during a non-transfer
cycla.

A sequence starting with a header and termi-
nating prematurely due to a suspend, abort or
other exception indication prior to a normal
completion.

The action taken to assert and/or release
individual bus lines within one particular
group of bus lines such that either tha asso-
ciated symbol appears on the group or another
symbol appaears that is the result of individ-
ual line ORing of simultaneously posted sym-
bols.

The action of ceasing to assert a logic 1 on
a bus signal line. Thae action of releasing a
signal line produces a change in the stata of
the signal line only if no module is assart-
ing that signal.

The logic 0 state of a bus signal line pro-
duced whan no module assaerts the signal asso-
ciated with that lina. Tha more positivae of
the two states of a bus signal lina relative
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to the 0 Volt logic referanca.

A transaction comprising a number of ordaered
transfers performing one intended function.

A module which is selected by the bus master
to participate in a massage saquence.

A unit of information on a particular group
of bus lines, as represented by a particular
binary encoding of bits. A valid symbol is
ona which conforms to the signal definitions
haereain including correct parity, Hamming
encoding or radundant coding as applicabla.

A sat of elemaental opaerations on the bus
which results in tha communication of a bit
parallel datum unit between the current bus
master and the selected slave(s). The datum
unit is either 16 bits (Type 16) or 32 bits
(Typa 32). Saeae sequenca.

An ordered set of 16 bits oparated on as a
unit. The most significant bit is labaeled
bit 15 and the least significant bit is
labaeled bit 0.

3-5
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Saction 4
PHYSICAL LAYER
6.1 JINTRODUCTION,

The physical layaer of tha PI-bus is specified herain. Signal lines
required to implement the PI-bus are defined, including thosae used for signal
line arror detaction and correction. Thae electrical charactaeristics of the

module interfaces and backplane are specified and timing dafinitions are pre-~
sentaed.

4.2 LINE DEFINITION,

The PI-bus signal, clock and module identification lines arae defined in
this section. In addition, the encoding used to achievae signal line error
detaction and correction is specifiad by definition of tha valid aymbols
allowaed for each signal lina group.

4.2.1 NOMENCLATURE.

Lines shall be designated by namae or by capital laetter abbreviations,
@.g. Data or D. Wherae a set of related lines are represented by the sama nama,
tha lines within the set shall be diffaerentiated by number with tha least sig-
nificant bit numbared 0. Thae nomenclature for singla lines shall be thae let-
tar abbreviation for tha line name followed by the bit number enclosed in < >,
@.9. D<0>. Tha nomenclature X<m..n> shall be the abbreviation for tha sat of
linas Xm to Xn, inclusiva, whare X is the letter abbraviation for the lina
nama and m and n are the most and least significant bit numbers, respectively.
Thus, D<7..0>, represants the least significant eight Data lines. In
addition, X<i,j,...,»k> shall be an abbraeviation for tha set of linaes X<i>,

X<3>)...9 X<k>. Thus D<5,3,1,7> stands for tha sat of linas D<5>, D<3>, D<1>,
and D<7>, :

P(X) shall designate the parity (modulo 2 sum) of the sat of signal
lines defined by X. Thus P(D<15..0>,DC<0>) dasignates thae parity of tha six-~
teen bits praesent on the Data lines plus the Data Check line and
P(D<15..0>,DC<0>)=0 raeprasents avaen parity over the specified linaes.

4.2.2 BUSED SIGNAL LINES.

All Pl-bus signal lines shall bae implamented as wired-or lines busad
between modules on a common backplana. Modules and buses shall implement
thosa busad signal linas spacified for their particular Type and Class by
Table 4-1. Any implemented bus signal lines which are not raquired during an

opaeration of a particular Type and Class shall be released during that opera-
tion.

Symbols postaed onto signal linas shall be valid symbols as specifiad in
this section, excapt that during diagnostic bus oparation somae invalid symbols
arae allowed as spacified in "5.3.9.5 Diagnostics.."
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As a required devica function, PI-bus modules shall provida a command
path indepandent of the PI-bus which provides a way to force all PI-bus signal
linas to bae released by tha modula. This capability may ba used in bus diag-
nostics and fault isolation. In addition, no signal line shall be assartad
from the time powaer is applied to the PI-bus module until the module has com-
plataed reset as defined in "5.3.8 Initialization..” Modulaes shall not assert
any signal lina in violation of this specification during powar failurae.
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Table 4-1. PI-bus Signal Line Raequirements By Typae And Class

Lines Required (Yess/No)
Typa 16 Type 32
NAME Class ED {Class EC |Class ED |[Class EC

Data (D)

D<31..16> No No Yas Yes

D<15..0> Yes Yas Yas Yas
Data Check (DC)

DC<?7..2> No Yas No Yes

pDC<1> No Yas Yes Yas

DC<Oo> Yas Yas Yas Yas
Cycla Typa (CT)

CT<2..0> Yas Yas Yas Yeas
CT Check (CTC)

CTC<2,1> No Yas No Yas

CTC<0> Yas Yas Yas Yas
Acknoulaedga Set (AS)

AS<5,4> No Yas No Yas

AS<3..0> Yas Yeos Yeas Yes
Wait (W)

W<2> No Yas Neo Yes

W<1,0> Yeas Yas Yas Yas
Bus Requast (BR)

BR<2> No Yes No Yas

BR<1,0> Yaes Yes Yas Yas
Total Lines Required 29 42 46 58

4-3
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6.2.2.1 Data lLine Groue (D//DC)

Tha Data Group shall consist of the Data (D) lines and the Data Check
(DC) linas. Thae Data Group is a sat of bidiraectional lines which shall trans-
fer header, data and acknowledge information between the bus master and the
slava(s). Thae Data Group (D//DC) lines shall also bae usad to resolve priority
during a Vie sequance.

$.2.2.1.1 Data Lines - Typa 16.

Type 16 modules and buses shall provide 16 Data lines, D<15..0>. DO
shall ba the least significant and D15 the most significant lina.

$.2.2.1.2 Data Lines - Type 32.

Typa 32 modulaes and buses shall provide 32 Data lines, D<31..0>. DO
ahall be thae least significant and D31 the most significant lina. Type 16
data transfars shall always use D<15..0>.

4,2.2.1.3 Error Protaction for tha Data Lina Group.

Tha Data Lina Group shall use evan parity for Class ED operation and a
modified Hamming Code for Class EC operation when there is a single source for
the signals. When there may be multiple sources for the signals, as during
via cyclaes and during multiple-slave acknowladges, the Data Line Group shall

use duplication for Class ED operation and triplication for Class EC
opaeration.

%.2.2.1.3.1 gClass ED Operation,

4.2.2.1.3.1.1} Single Source. During bus cycles in which a singlae sourca is

specified for the Data lines, valid symbols for the Data Line Group shall have
evaen parity.

4.2.2.1.3.1.1.1 Type 16. Tha module that sources the Data linaes shall also

sourca thae Data Check linae such that the set of symbols on D<15..0>//DC<0>
satisfies P(D<15..0>//DC<0>) = 0.

%.2.2.1.3.1.1.2 Typa 32. The module that sources the Data linas shall also
sourcae tha Data Check lines such that the set of symbols on D<15..0>//DC<0>
satisfies P(D<15..0>7/DC<0>) = 0 and D<31..16>//DCL1> satisfiaes
P(D<31..167/DC<1>) = 0.

64.2.2.1.3.1.2 Multiple Sources. During Vie and Multiple Slave Acknowladge
Cycles, tha Data and Data Check lines may have multiple sources. For those
opaerations, modulaes shall post duplicata copies of the required symbols using
Data linaes D<15..8> and D<7..0> as duplicate line sats.

Usage of tha Data linaes for Viae and Multipla Slavae Acknowlaedge Cycles is
specified in "5.3.3.1 Vie Sequanca.” and "5.2.3.3.2 Multiple Slave Acknowl-
edge.," raspaectivaly.

4-4
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$.2.2.1.3.2 Class EC Operation,

4.2.2.1.3.2.1 Singla Source. During bus cycles in which a single source is
specifiad for the Data linaes, valid symbols for the Data Line Group shall use
modi fied Hamming encoding as specified below.

4.2.2.1.3.2.1.1 Typa 16. The module that sourcas tha Data lines shall also
sourca the Data Check lines such that the set of symbols on D<15..0>//DC<5..0>

satisfies:
PC DC<5>, D<15,14,13,12,11,10,9,8> ) =0
PC( DC<4>, D<15,14,7,6,5,4,3,2> ) =0

PC DC<3>, D<13,12,11,7,6,5,1,0> )

PC DC<2>, D<15,13,10,9,7,4,3,0> )

PC DC<1>, D<12,10,8,6,4,2,1,0>) =0
P¢ DC<0>, D<14,11,9,8,5,3,2,1> ) =0

%.2.2.1.3.2.1.2 Tvpe 32. Tha module that sourcas tha Data linaes shall also
sourca tha Data Check lines such that the saet of symbols on
D<31..16>//DC<6..0> satisfies:

PC DC<6>, D<31,30,29,28,27,26,25,24,23,22,20,19,17,16> ) = 0

PC DC<5>, D<31,30,29,28,27,15,14,13,12,11,10,9,8> ) = 0
P( DC<4>, D<31,26,25,24,23,15,14,7,6,5,4,3,2> ) = 0

PC DC<3>, D<30,26,22,21,20,19,13,12,11,7,6,5,1,0> ) = 0
P( DC<2>, D<29,25,22,21,18,17,15,13,10,9,7,4,3,0> ) = 0
PC DC<1>, D<28,24,20,18,17,16,12,10,8,6,4,2,1,0> ) = 0
P( DC<0>.‘D<27:23.21.19.18.16.14.11.9.8.5.3.2.1> ) =0

4$.2.2.1.3.2.2 Multiple Sourcas. During Vie and Multiplae Slavae Acknouwladge
Cycles thae Data and Data Chack lines may havae multiple sourcaes. For those
operations, modulas shall post triplicate copies of the raequired symbols using
D<15..8>, D<7..0> and DC<7..0> as triplicate lina saets.

Usaga of thae Data linaes for Vie and Multiple Slave Acknowladge Cyclas is

spaecified in "5.3.3.1 Vie Sequence.” and "5.2.3.3.2 Multiple Slavae Acknowl-
edga.," respaectively.
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4.2.2.2 ¢gvcle Tvpa Line Groyp (CT//CTC),

The Cycla Type Group shall consist of the Cycle Type (CT) and Cycle Type
Chaeck (CTC) lines. The Cyclae Type Group is a sat of lines onto which the bus
master shall post symbols to indicate the current bus cycle type. Thae bus
Cvecla Typas shall be aencodaed as shown in Table 4-2.

Tabla 4-2. PI~bus Cyclae Types and Valid Symbols

Class ED Symbol Class EC Symbol
Cvclae Typa |Abbreviation | CT<2..0> CTC<0> | €T<2..0> (TC<2..0>
Abort AB 111 1 111 001
Acknowladge A 011 0 01l 110
Data D 001 1 001 011
Headar 0 HO 101 0 101 100
Headar H 010 1 010 101
Idle I 000 0 000 000
Suspaend S 110 0 110 010
Vie v 100 1 100 111

4.2.2.3 Acknowledge Line Set (AS),

Thae Acknouwlaedge Sat is a group of linas onto which tha slave(s) or con-
tenders shall post symbols to indicata synchronization or to signal uncorraec-

table detected arrora. Valid symbols for the Acknouwlaedge Sat shall bae as
daefinad in Table 4-3.
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Tabla 4-3. Acknowladge Line Valid Symbols

Class ED Coda | Class EC Code
Response Abbreviation| AS<3,2> AS<1,0> AS<5,4> AS<3,2> AS<1,0>

Acknowlaedga ACK 10 10 10 10 10
Negative Ack NAK 11 11 11 11 11
Not Selected NS 60 00 00 ¢o 00
Racognize RCG 01 01 01 01 01

4.2.2.4 Wait (W) Lines.

The Wait lines shall ba a saet of redundant lines which the current bus
master and slave(s) may assaert to obtain extra non-transfaer bus cycles to sup-
ply information to the bus or to accept information from the bus.

4.2.2.%.1 Class ED.

Class ED modules and busaes shall provide two Wait lines, W<1,0>, that
shall operate as redundant lines. Valid symbols for this casa shall ba W<1,0>
= 00, no wait raquaest, and W<1,0> = 11, wait requested.

4.2.2.4.2 Class EC.

Class EC modulas and buses shall provide threa Wait linas, W<2..0>, that
shall operate as redundant lines. Valid symbols for this casa shall be
W<2..0> = 000, no wait requast, and W<2..0> = 111, wait requestad.

4.2.2.5 Bys Reauest (BR) lines,

The Bus Requast lines shall consist of a sat of redundant lines which
shall be assarted to request that the current bus master releasa the bus.

4.2.2.5.1 Class ED.

Class ED modulaes and buses shall provide two Bus Request lines, BR<1,0>,
that shall operate as redundant linaes. Valid symbols for this case shall be
BR<1,0> = 00, no bus raequast, and BR<1,0> = 11, bus requestad.

4=7
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4.2.2.5.2 Class EC.

Class EC modules and busaes shall provida threa Bus Raquest lines,
BR<2..0>, that shall opaerate as raedundant linaes. Valid symbols for this case
shall ba BR<2..0> = 000, no bus requast, and BR<2..0> = 111, bus requestaed.

4.2.3 BUS CLOCK.

Bus Clock shall ba a single phasa clock. All bus timing shall be refer~
enced to tha high~to~low transition of tha bus clock. Thae generation and dis~
tribution of Bus Clock is bayond the scope of this specification. Howaver,
thae pariod of Bus Clock shall ba salacted to guarantaae that bus timing con~
straints are satisfiad for tha bus dalays and clock skaeuws resulting from the
backplanae design.

4.2.4 MODULE IDENTIFICATION.

PI-bus modulaes shall have inputs for a set of lines that shall be hard~-
wirad on tha PI-bus backplana to provide a uniqua modulae identification.

4.2.4.1 Module Identification Lines,
Tha saet of 5 Modula Identification (MID) lines shall be harduwired on the
backplane and shall ba used by the module as thae modula's physical identifica~-

tion coda. The identification codas shall consist of an unsigned binary num-
ber in the ranga of 0-31, inclusive, encodaed in MID<4..0>,

4.2.4.2 Module Identification Parity Line.

A Module Identification Parity (MIP) line shall ba hardwired on tha
backplane such that MID<4..0>//MIP<0> satiafias P(MID<4..0>//MIP<0>) = 1.

4-8
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4.3 ELECTRICAL REQUIREMENTS

Elactrical charactaristics for tha PI-bus backplana and modules shall be
as specified herain.

4.3.1 BACKPLANE REQUIREMENTS.
4.3.1.1 Bya Signa) Lineg Characteristic Impadance,
PI-Bus signal lines shall havae a characteristic impedance of not lass

than 20 ohms and not more than 50 ohms for all operating and module loading
conditions.

4.3.1.2 Bug Signal Line Yermination,
Signal linaes shall ba terminataed at each alectrical end of tha bus to a
circuit which is the Thevenin-equivalent of a terminating resistor in series

with a voltage source of not less than +1.9 Volts nor more than +2.1 Volts.

The value of the terminating resistance shall be betwaen 30 and 40 ohms,
inclusivae.

4.3.1.3 Bys Signal Ling Rasistance,

The series resistance for backplana signal lines shall bae limited such
that the maximum voltage rise from any assaertad modula output to thae terminat-
ing resistancae at either and of tha backplane is lass than 100 millivolts.

4.3.1.64 Module Identification Line Resjstance.

The resistance of thae groundaed MID and MIP linas with respaect to the sig-
nal ground shall ba less than 10 ohms.

%4.3.1.5 Bus Clock Requirements,

4.3.1.5.1 Voltaga Lavels.

Tha low lavel voltage for Bus Clock shall ba less than or equal to +0.55

volts. The high laval voltage for Bus Clock shall ba greater than or equal to
+2.4 volts.

4.3.1.5.2 Rise And Fall Time.
The rise time (Tr) of tha Bus Clock from 0.8 volts to 2.0 volts shall be
less than 5 nanosaconds. The fall time (Tf) of tha Bus Clock from 2.0 volts to

0.8 volts shall be less than 5 nanoseconds.

4.3.1.5.3 Duty Cycla.

The ratio of the Bus Clock high state duration to the bus clock period
maasured at 1.5 Volts shall not ba lass than 0.45 nor greater than 0.55.
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4.3.2 MODULE REQUIREMENTS.

4.3.2.1 Bus Clock Requirements.

4.3.2.1.1 DC Raquiremaents.

4.3.2.1.1.! Input Capacitancg. Bus Clock capacitance to logic ground shall
bae laess than 22 picofarads.

4.3.2.1.1.2 Input Inductanca. Bus Clock saeries inductance from thae module
input to the receiver of the signal shall be less than 27 nanohenries.

4.3.2.1.1.3 DBus Clock Current. The maximum current sourcad by the module
whan the clock input vonltage is +0.55 volts shall ba 1.6 milliamps. The maxi-
mum current into the module whaen thae Bus Clock voltage is +2.4 volts shall be
lass than 100 microamps.

%.3.2.1.1.4 High-lgvel Input Voltaga. An Bus Clock input voltage of +2.0

volts or more shall be interpreted as a high lavel.

4.3.2.1.1.5 Llow-lgvel Input Voltage. A Bus Clock input voltaga of +0.8

volts or less shall be interprated as a low lavel.

7

4.3.2.1.2 AC Raquiremants.

Modulaes shall operatae corractly with the Bus Clock characteristics spec-
ified in "%.3.1.5 Bus Clock Raquiraements.."

The maximum Bus Clock frequency for the module shall be specified. The
minimum Bus Clock frequency shall be zero Hertz.

All PI-bus timing shall bae refaeraenced to tha high-to-low transition of
Bus Clock through a voltaga of 1.5 volts.

4.3.2.2 Signal line Requirements,

4.3.2.2.1 DC Requirements.

4.3.2.2.1.1 [Input Capacitance. Signal line capacitance to logic ground
shall ba less than 22 picofarads.

4,.3.2.2.1.2 Input Inductancg. Signal lina saries inductancae from the module
input to the driver or receiver of the signal shall be less than 27 nanohen-
ries.

4.3.2.2.1.3 Leakage Current. Over the input voltage range of +0.3 volts to
+2.1 volts, the absolute value of the ocutput current for any signal line which
is not baing asserted by tha modulae shall ba lass than 100 microamps.

4-10
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6.3.2.2.1.4 Llow-level Sink Current. The low~lavel output sink curraent (lol)
driva capability for signal linaes shall be greater than 95 milliamps at an
output voltage of 1.15 volts.

4.3.2.2.1.5 High-level Output Voltage. The high-laevel output voltage shall
ba datermined by the backplanae signal line termination voltage which is +1.9

to +2.1 volts. The signal lina outputs shall permit wired-0OR opaerations on
tha bus.

4.3.2.2.1.6 Low-level Output Voltage. Thae low-level output voltage (Vol)
for signal lines shall be lass than 1.15 volts at an input current of 95 mil-
liamps.

4.3.2.2.1.7 High-level Input Voltagq. A signal line input voltage (Vih) of
+1.6 volts or more shall bae interpreted as a logic 0. A signal line input

which is not electrically connacted to the backplane (i.a. an open line) shall
be interpraeted as a logic 0.

4.3.2.2.1.8 low-laevel Inpyt Voltagg. A signal line input voltaga (Vil) of
+1.45 volts or lass shall be interpretaed as a logic 1.

4$.3.2.2.2 AC Raquiraemants.

%.3.2.2.2.1 Signal Line Inputs. Figura 4-1 illustrataes the timing

relationships specified balow.

4.3.2.2.2.1.1 Set-up Tima. The maximum time that cach input signal is
required to be uniqualy abova or below thae input voltagae thresheld for a logic

0 or logic 1 prior to the high-to-low transition of tha clock (set-up time,
Ts) shall ba spacified.

$.3.2.2.2.1.2 Hold-Tima. The maximum time that each input signal is
raequired to be uniqualy abova or balow tha input voltage threshold for a logic
0 or logic 1 following tha high-to~low transition of tha clock (hold tima, Th)

shall bae spacifiad and shall not exceed the minimum propagation delay time of
the modula.

4.3.2.2.2.1.3 Noise Rejection. Tha input signal linaes shall reject and the
Bus Intarface shall not raespond to any signal pulse whose width as measured
between 1.5 volts on the low-to-high transition and 1.5 volts on the
high-to-low transition is lass than 4 nanosaconds.

4.3.2.2.2.2 Signal Line Outputs. The following spacifications shall apply
when thae signal line is connacted to tha test circuit of Figure 4-2.

4.3.2.2.2.2.1 Propagation Delay. Propagation daelay shall ba measuraed with
raspaect to tha high-to-low transition of Bus Clock as illustrated in
Figure 4-3. The refarencae clock voltaga for timing shall be +1.5 volts. The
raefaraencae signal voltage for timing shall ba +1.5 volts.

The minimum and the maximum propagation daelay (Tpdlh) for an output sig-
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nal changing from a logic ! (low voltagae) to a logic 0 (high voltage) shall be
spacified for each output signal line.

Tha minimum and the maximum propagation delay (Tpdhl) for an output sig-
nal changing from a logic 0 (high voltaga) to a logic 1 (low voltagae) shall be
spacified for @ach output signal lina.

4.3.2.2.2.2.2 Rise And Fall Tima. The rise tima (Te) of an output signal
from +1.2 volts to +1.8 volts shall ba lass than 9 nanoseconds. The fall time
(Tf) of an output signal from +1.8 volts to +1.2 volts shall ba less than 9
nanoseconds.

4.3.2.3 MID And MIP Lines,

A binary 1 shall be represented by a connection to signal ground and a
binary 0 shall ba represaented by an opaen circuit. Modules shall incorporate
any circuits they require to sense the MID and MIP lines. The absolute cur-
rent into a groundad MID or MIP lina shall ba lass than 1 milliamp. The maxi-
mum voltage that shall exist on an open MID or MIP line shall not exceed 5.5
volts.

———————— 2.4v
CLOCK INPUT - 1.5v
I
t | T 0.55v
L&Tr’%ﬁTh -bi
' I
| ! l 1.8v
1 !
DATA INPUT 1.5v ¢ 1.5v
1.2v

Figure 4-1. Set-up And Hold Timing
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BUS CLOCK Vi=20+.1v
% R = 15 OHMS
PATTERN ‘ '&'Sgg&-lﬁ _L ® SIGNAL OUT
GENERATOR EAL I om0

*INCLUDES JIG AND PROBE CAPACITANCE

Figure 4-2. Signal OQutput Taest Circuit

——————— 24y
BUS CLOCK
0.55v
!
; , ————=—- 1.8v
SIGNAL OUTPUT } L 150
I
| 1.2v
' |
! le—
_.} Ted th | 1.8v
|
SIGNAL OUTPUT ! 1.5v
—————— 1.2v

Figure 4-3. Output Signal Timing
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Section 5
DATA LINK LAYER

5.1 JINTRODUCTION,

excaption conditions are defined.

5.2 GENERAL REQUIREMENTS,

5.2.1 INTRODUCTION.

Version 2.2

The Data Link layer of the PI-bus is specifiaed herein. The genaral pro-
tocol used by the Pl-bus is daefinaed through spaecification of the protocol
state transitions and the generic message sequance. Detailed requirements for
tha protocol and communications sequancus are specified by defining each
saquenca and tha rules associated with the PI-bus protocol. Raesponsas to

The PlI-bus uses a master-slave protocol under which communications
setuences arae definad for 1) transferring messages baetween modules and 2)
changing bus mastership. The PI-bus communications sequances arae listed in

Tablae 5-1. Thae Vie sequaence shall be performed only whan there is no current
bus mastar. All othaer sequencaes shall ba performaed under the control of the

curraent bus master.

The PI-bus usas a set of protocol state transitions to defina and con-
trol tha communication saquencaes. Protocol state transitions shall be sig-
nalad on the Cycle Typa (CT) lines and shall be controlled by the bus master.
Tha slave(s) shall operate in synchronization with the bus master and shall
signal compliance with protocol stata transitions using the Acknowladge Set
(AS) linas. Slava(s) shall also use the AS linaes to notify the bus master of

any uncorrectable errors that are detected.

The sevaen sequaence states definad for the PI-bus protocol are summarized
in Tabla 5-2. Within each saquance state, bus states are dafined to distin-
guish individual bus cycles. The spaecific sequences of bus stataes required to

perform PI-bus communications are defined under "5.3

DETAILED

REQUIREMENTS.."™ 1In this saction, general raquirements for the overall opera-
tion of the PI-bus are spacifiad by raeference to the sequance states and the

gaenaeric messagae protocol they support.
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Table 5-1. PI-bus Communications Sequencas

Sequence Type Function

Mastership Saquences:

Vie Assigns bus mastership to tha highest
priority module contanding for
mastaership through arbitration.

Tenure Pass Massaga Transfers bus mastership from current
bus master to another module or changes
the bus mastar's massage priority.

Massage Sequences:

Paramataer Write Transfars & 1 word paramatar and a
32 bit address from the bus master
device to thae slave daevica(s).

Block Message Transfars up to 65,536 datum units from
slava davice to master device or from
mastar device to slava(s). Master sends
a 32 bit address and may send 6 other
Header words. May be used to continue a
suspendad massage.

Bus Interface Massage Transfers up ta 256 words from slave bus
interface to the master device or from
mastar daevice to slave Bus Interfaca(s).
Master providas an 8 bit addrass.

Exception Sequences:
Suspend Suspaends a Block Maessagae data sequance
and transfers Resume Control Words from

the slava to the master.

Abort Abnormally terminates current saequenca.

5-2
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Table 5-2. PI-bus Protocol Statas

Protocol State Function
Idle Bus not in use and no current bus mastar
dafined.
Vie State following Idle. Used to saelact

thae next bus master from onae or more
contending modules. Tha modula with
the highest priority is salaectaed as
the next bus master.

Headar State in which information is
transmittad by tha master to spacify
the type of message sequence, identify
modules to participate as slaves and
spacify additional application dependent
information.

Headaer Acknowladge State following Header during which
(Haadar Ack) slavae module(s) provide saeaquenca status
information to the master,

Data State during which data are transfarred
betwaeen the slave modula(s) and tha
master for Block Maessages and Bus
Interface Messages.

Block Maessage Suspend sequencaes are
parformaed under this protocol stata.

Data Acknowleaedge State following Data during which
(Data Ack) slava module(s) provide message status
information to thae master.

Abort State used to abnormally terminate
another bus saquenca.
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5.2.2 PROTOCOL STATE TRANSITIONS.

The protocol states which shall be used in PI-bus operations are illus-
trated in Figure 5-1. All state transitions shall occur on the high-to-low
transition of Bus Clock. Thae allowable transitions between protocol states
are spacifiaed in the sactions balow and in Figure 5-1.

5.2.2.1 Idle.

The bus shall aentar the Idle state whanaever all Cycla Type lines are
released. Therae shall bae no bus mastar during Idle and the curraent bus master
priority code shall be undefinaed. Idle shall consist of two or more consec-
utive bus cyclas in which the Cycle Typa lines ara released. No PI-bus oper-
ations shall ba performed during Idla except that tha symbol NAK (Negative
Acknowladgamaent) may bae posted on the AS lines as spacified in "5.2.3.1.2.2
Uncorraectable Errors.” Via shall be the only valid successor state to Idlae.
The lIdlae state shall be terminated and the Vie state entered only when one or
more modules post the symbol V on the Cycle Type lines.

5.2.2.2 Via.

Thae Vie state shall consist of eight bus cycles which shall ba usad to
selaect the next bus mastaer from one or more contaendaears. The Vie state shall be
succaaded by thae Header statae except that if no bus mastar is saealected due to
erronaeous oparation, the bus shall return to the Idla stata.

5.2.2.3 Header.

A bus master's tenure shall baegin when the Header state is entered from
the Via state or from the Headar Acknouwledge statae of the Tenure Pass messagae.
The current bus mastar's tenure shall continue when the Header state is
entered from the Headar Acknowladge state of the Paramaeter Writae saequence,
from thae Data Acknouwlaedge state or from the Abort statae. During the Headar

stata, thae bus master shall transmit header information across the bus on two
or more bus cycles.

Tha Headar shall specify thes type of massage saequence to bae performed,
identify tha modules required to participate in the sequenca as slaves and
define thae numbaer of data transfaer cycles required for the sequance. The Head-

ar state shall be succeedad by tha Headar Acknouwledgae statae excaept that Abort
may be entered to terminate the sequence.

5.2.2.4 Header Acknowledge,

The Header Acknowlaedge atatae shall be used to transmit message status
from thae slave modulae(s) to thae master. The transitions out of the Headar
Acknowlaedge state shall be as specified balow:

1. For a Paramaeter Writa message saquence, tha succassor states to Headaer
Acknowledge shall be Header, Idla and Abort. A transition to Header
shall initiatae a new messaga and extend thae tha current bus mastar's ten-
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uraea. A transition to Idle shall terminate the current bus master's ten-
ure. Abort may be entered to tarminate the Paramater Write massage.

2. For Block Massage and Bus Intaerface Message sequencaes, the successor
states to Headaer Acknowladge shall be Data and Abort. A transition to
Data continuas the current bus mastaer's tenure. Abort may be entared to
terminate the message.

3. For a Tenure Pass Massage saquencae, the successor stataes shall be Header
or Abort aexcept that when tha intended naxt bus master doaes not require
or fails to acquire bus mastarship, the succaessor state shall bae Idlae.
Thae curraent bus mastar's tanure shall end at the conclusion of a Tenure
Pass Messaga Haeadar Acknowledga (HAZ) and tha naw bus master's tenure
shall bagin on the next cyclae with entry into the Headar state. Abort
may be entaered from a Tenure Pass Message except on the last cycle (cycle
HAZ) of tha messaga.

5.2.2.5 Data,

The Data state shall consiat of a sequence of Data transfer cyclas per-
formad as part of a Block Massage or Bus Intarface Maessage. Data may be trans-
ferraed from the mastaer to the slava(s), defined as a write sequence, or from
tha slave to the master, daefinad as a read sequence. For Block Massage
sequancas only, the Data sequencae may be suspended by entry into the Suspend
stataea. Unless a Data sequenca is suspended or terminataed by entering Abort,
the succassor statae to Data shall be Data Acknowledga.

5.2.2.6 Syspend,

The Suspend state shall bae used to signal the paeanding intaerruption of a
Block Messaga Data sequance as specifiad in the detailed reaquiraments (see
"5.3.5.1 Suspend."). A suspended Block Massaga Data sequence can be resumed
by anothaer Block Messaga whose headar contains thae appropriate Resumae Control
Words. The successor state to Suspend shall be Data Acknowlaedge aexcept that
the sequence may be terminataed by entering Abort.

5.2.2.7 Data Acknowledga,

The Data Acknowlaedga statae shall bae used to transfar acknowledge infor-
mation from the slava(s) to the mastaer during a Block Message or Bus Interface
Message sequence. The successor states to Data Acknowladge are Header, Idle
and Abort. A transition to Headar shall initiate a naw massage and extend tha
the current bus master’s taenurae. A transition to Idle shall terminate the
current bus mastaer's tenura. Abort may be entaered to terminate a messagae.

5.2.2.8 Abort,

The Abort state shall consist of four consecutive bus cycles in which
tha Abort cycla typae is postad on the CT lines. Tha succaessor states to Abort
shall be Header and Idle. A transition to Header shall initiate a new message
and extend thae tha curraent bus master's tenure. A transition to Idle shall

5-5




PI-bus Specification Version 2.2

tarminate the curraent bus mastar's tenure.

5.2.2.9 Jlenuyre Limitations,

5.2.2.9.1 Bus Raquast To Vie Interval.

When Bus Request is assartaed, the bus master shall limit thae numbaer of
bus cyclaes remaining in the current tenure to the sum of the bus cycles speci-
fiad by the contants of thae Vie Intaerval A Register plus the contants of the
Via Intaerval B Raegister plus six cyclas (saa "5.3.7.3.4 Via Interval A Regis-
ter = Address 3.” and "5.3.7.3.5 Vie Intaerval B Register - Address 4.").
Saotion "5.3.3.3 Bus Raquaest.”" specifiaes procedures which the bus master
shall usa to relinquish tenure and permit a Vie sequence in response to Bus
Requast.

5.2.2.9.2 Absoluta Tenure Limit.

PI-bus modulas shall internally limit each of their individual tenures as
bus master to a maximum of (2%%24)+8 bus cycles. The cycle count shall begin
with thae first HO cycle of thae master's tenure and shall include all bus
cycles (including non-transfer cyclaes). Each module shall provide a hardwired
mechanism to automatically forca all signal outputs from thae module to end
tenure such that this tenure limit is not exceeded. The module may resume
normal operation, including vying for the bus, aftaer allowing the bus to be in
the Idle state for a minimum of two cyclas.

5-6
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5.2.3 GENERIC MESSAGE.

The genaric message saquaence that forms the basis for the PI-bus messaga
saquences ia described in this section. The Vie sequence is specified in
”5.3.3 Bus Mastership."™ and the exception sequences are specified in
75.3.5 Excaption Seaquencas.."

Tabla 5~3 illustrates the genaeric PI-bus messaga sequence which shall be
composed of Headaer, Headar Acknouwledga, Data and Data Acknowledge sequences
that correspond to the protocol states dascribed in the praceding section.
5.2.3.1 Gengric Massage Sqauence,

5.2.3.1.1 Normal Operation.

The Data (D) linas transfaer information baetween the master and slave
modulaes to accomplish the following:

1. signal tha type of message sequence to be performaed;

2. establish a communications path to the slave modula(s);

3. transfar data between the master and the slavae(s); and

4. transfar acknowladge information from the slave(s) to the master.

The bus master shall use Type 32 message saequances only when the mastaer and
all modulas selactaed as slavas for that sequence are operating as Type 32 mod-
ules on a Typa 32 bus. For a Type 32 bus, Type 32/Typa 16 message sequence

salection can be madae on a message-by-messaga basis and thus may vary during
the bus mastaer's tenurae.

Tha Cycle Typae (CT) and Acknowlaedga Saet (AS) linaes shall providae hand-
shaking betwaeen tha master and slava(s) to control the sequance of bus statas.
Tha AS lines shall also be used by the slave(s) to report errors.

5.2.3.1.1.1 Header. Tha bus master shall initiate a message sequenca by
tronsmitting Header information on tha D lines. Tha bus master shall post the
symbol H0 on the Cycla Typa (CT) linaes during thae first bus cycle of Header

transfer and shall post H for each of the remaining bus cycles of headaer
transfar.

Thae headaer shall specify thae modulae(s) which are saelected as slava(s) for
the message sequance. Active module(s) which are addressed by the slave 1D
field of HWA shall becoma slavaes on tha third cycle of Header transfaer.
Slavaes shall signal their participation in the massaga by posting the symbol
RCG (Racognize) on tha Acknowladga Set (AS) lines beginning with the third
cycla of headaer transfer and continuing until header transfer is complata.
Modules shall caeasa baing slavas whaen the current massagae is closed by a nor-
mal completion, Abort or Suspand. Modules may also cease being slavas in
rasponsae to spaecific slave definad conditions. All modulas shall ensurae that

5-8
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Tabla 5-3. Ganaeric PI-bus Message Sequence

PROTOCOL BUS STATE

SIGNAL LINES HEADER HEADER DATA DATA
ACKNOWLEDGE ACKNOWLEDGE
DATA Header Acknowledge Data Acknouwladge
Sources Mastar Slave(s) Mastar (Write) Slava(s)
Slava (Read)
CYCLE TYPE HO H A D A
(S)
Sourca=Mastaer
ACKNOWLEDGE NS |NS RCG ACK RCG ACK
Source= Slave Slave Slave Slavae

the AS lines are raeleased during tha first two cyclas of Header except that
NAK shall be assaerted as spacified in "5.2.3.1.2.2 Uncorrectablae Errors™ to
report arrors from the preceding sequenca.

5.2.3.1.1.2 Header Acknowladge. The Header Acknowlaedge sequaence shall fol-
low the Header sequenca. A single Header Acknowledga transfer cyclae shall be
used for all singla slave sequences. The Tenure Pass Message sequence shail
includa an additional (non-transfar) cycle to ensure a proper transition of
mastership. Tha bus master shall post the Headaer Acknowledge Cycle (A) symbol
on the CT lines during the Header Acknowledge cycle in which the slave is
schedulad to post tha slava Acknowladge word. Thae slave shall indicate syn-
chronization with the bus master by posting ACK on the AS lines during the
Headar Acknowledge cycle. Five Header Acknowledga transfer cycles shall be
usaed for a multiple slave saequanca. During tha first multipla slave header
acknowladga cyclae, all slavas post a messaga status symbol on thae data lines
and tha ACK symbol on the AS lines. During each of tha four remaining acknowl-
edga cycles, eight of tha thirty-two modulaes are assigned a bit position on
the data linaes upon which to post an acknowledga bit and shall indicate syn-
chronization with the bus mastar by posting ACK on the AS linas.

The Headar Acknowlaedge saquance shall complete tha Tenure Pass Messaga
and Paramater Write Message. The Block Meassage and Bus Interface Messaga

saquences shall continuae with a Data sequence consisting of ona or more data
transafer bus cyclas.
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5.2.3.1.1.3 Data. The bus master shall post the symbol D during each cycle
of the Data sequence. Thae slava module(s) shall post RCG during each cycle of
the Data sequence. The bus master shall transmit data during write sequancas
and thae slava shall transmit data during tha read sequancas.

5.2.3.1.1.4 Data Acknowledgs,. The Data sequence shall be followed by a
Data Acknowledge saquanca. Tha Data Acknowledge sequanca is identical in form
to the Header Acknowledgae sequence. Block Maessages and Bus Interface Messages
shall bae concludad at thae end of thae Data Acknowlaedge saquenca.

5.2.3.1.2 Oparation Undar Excaeption Conditions.

5.2.3.1.2.1 Block Message Suspend. The Data sequance of a Block Message may
be suspended by the bus master to permit higher priority communications. The
Suspaend sequencae shall ba performed as daefined in "5.3.5.1 Suspend.."

5.2.3.1.2.2 Uncorrectable Errors. Modules which ara slaves shall signal
uncorrectabla datected aerrors by posting the symbol NAK on thae AS lines and
providing an error log in the Acknowladge words as spaecifiad herein. Modulas
shall post the symbol NAK in response to an uncorrectable error which occurs
during a Via or during a Tenure Pass Message saquaenca.

A module that datects an uncorractable error which applies to the opera-
tion of bus cyclae N shall post tha symbol NAK on bus cycle N+2. If the
detected error occurraed during tha last two cycles of a massaga, thae rasultant
NAK occurs during thae first two cyclaes of the following message or Idle. Mod-
ulaes which are not slaves nor contenders in a particular massaga saquanca
shall not otharwise post NAK during that sequenca.

Slava modules shall raecord daetacted aerror conditions for the current
messaga in tha singlae slavae Acknowledga word or Multicast Acknowlaedge Raegister
as appropriate. Tha Bus Intarface should also notify tne device of any
‘datected errors. Whan an Acknowlaedga Word is transmitted on tha bus or stored
into tha Multicast Acknowledgae Raegistar, tha error field shall not include
errors which apply to tha immediately preceding bus cycle.

NAK shall have no specified effect on the resulting oparation of the
PI-bus other than that whan NAK occurs or the asserted state of an Acknouwledge
word aerror bit is detected, tha master Bus Interface should report that fact
to tha master davice. Thae protocol provides tha Abort sequencae as a means for
the messaga to be tarminated if raquired by the devica.

5.2.3.2 Generic Header Definition,

Thae Pl-bus protocol dafines massagae headers consisting of two to ten
words. Tha first header word, Headar Werd A (HWA), shall be used in all mes-
saga sequancas to definae 1) the typa of messagae and 2) tha slave modules for
that maessage. Tha numbar of schaduled cyclaes in a message shall ba dafinad by
thae message type and a datum transfer cycla count which shall be given implic-
itly in HWA or explicitly in tha second header word, Header Word B (HWB). For
the Bus Intarface Massage, HWB shall also contain an aeight bit virtual address
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for tha Bus Intarfaca raegisters. Tha 32 bit virtual address usad in Block and
Parametar Write messages shall be contained in tha third and fourth header
words, Header Word CO0 (HWCO0) and Headar Word €l (HWCL1). Block
Message-extended header sequances provide six additional header words, HWDO
through HWDS5, for application dependent usas.

Thae genaric format for Haadar Word A (HWA) is dafinad in this saction.
Formats for tha remaining Header words are specific to each message sequaence
and are dafinad in "5.3 DETAILED REQUIREMENTS.."

5.2.3.2.1 Header Word A.

The format illustrated in Figure 5-2 shall be used for Header Word A.
The fialds of HWA shall be as specified balouw.

5.2.3.2.1.1 Slave Identification (ID) Field, Thae Slava ID fiaeld of HWA shall
spacify the modulas required to participate in the massage sequence as slavaes.
Thae Slave ID fiald shall provide an aight bit virtual slave address. The vir-
tual slave address (Slave ID) ranga shall be partitioned into 32 single slave
physical addressas, a slave broadcast address and 223 optional logical slava
addressaes. Thae broadcast Slave ID shall saelect all active modules as slaves,
including tha bus master modula.

The logical Slava ID's shall bae usaed only to define aliasas for individ-
ual slave physical addressaes or sets of slava physical addresses. Thae use of
a logical Slave ID rather than a physical Slavae ID in addressing a module
shall not elicit any slave module responsa other than that which would have
bean producad by using the module's physical Slave ID. A Slavae ID value of 0
to 31 shall specify the single modula whose Modulae Identification matches the
Slave ID field. A Slave ID value of 32 shall select all active modules as
slavas. Tha Slave ID valuas 33 to 255 shall saelaect any activa modules with the
givan Slava ID enabled. Tha number of modulas which respond to each of the
logical Slave ID valuaes 33 to 255 is system dependent. This means that Slave

ID valuaes 33 ~ 255 can ba used for singla slave messagas or multiple slave mes-
sages depending on tha application.

During message saquences whare the current bus master module is selected
as a slave, the module shall act as both a master and a slave to the extent

that the complaete standard bus messaga sequenca can bae observed cn the bus
linaes.

5.2.3.2.1.2 Format Field (F). Thae Format fiald shall specify whether tha
message sequaencae will ba parformed using 16 bit (Type 16) transfars or 32 bit
(Typa 32) transfars. The master devicea must insure that 32 bit transfers are
usad only when no Typa 16 modulae is selected as a slava.

5.2.3.2.1.3 Message Tvpe Field (MSG TYPE). The Maessage Typae fiald shall
spacify tha type of message saquencae to bae paerformed according to the valuas
in Tabla 5-4. The master davicae must ansure that only tha multiple slave Mes-

saga Types arae used whan more than ona module is salected by the Slave ID
field.
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5.2.3.2.1.4 Access Type Fiald (AT). Tha Access Typa (AT) fiaeld shall be
passed from the master device to thae slava module for use as defined haerain
and listed in Tabla 5-5.

Application specific AT codes may bae usad to classify the type of devica
accass to be performed during a particular message. Typical usaes are 1) to
spacify direct or indirect addrassing, 2) to specify address increments, 3) to
spacify davice dependent intaerpretations for extended haeader words and 4) to
access spacific procassaes in tha devica.

For Block Maessagaes, bit 13 shall ba used to signal the davicae that the
current message is a naw Block Massage (bit 13 = 0) or a resumption of a previ-
ously suspaended Block Massaga (bit 13 = 1).

For Bus Interfaca Maessagas, the coda 000 shall be used to access the
Data Link address space. The Bus Interface physical and Data Link layers
shall not utilize any AT fiald information aexcept that contained in a Bus
Interface Message. Codes 001 through 011 shall be resaerved for future usa by
higher laevel protocols. Higher laeval protocols, such as those which provide
communications betwaeen modulas on different backplanaes, ara beyond tha scopea
of this specification.

Raserved AT codes shal! ba definad only by future varsions of this spec-
ification.

Figure 5-2. Header Word A Format ~ Data Lines

AT MSG TYPE F SLAVE ID

15114f13)12|11{10| 9} 8 7| 6| 5| 4| 31 2] 1] o

MSB LSB

(33 to 255 - LOGICAL ID)
(32 = BROADCAST ID)
(0 to 31 - PHYSICAL ID)

FORMAT - 0
-1

16 BIT TRANSFER
32 BIT TRANSFER

MESSAGE TYPE (sae Tablae 5-%)

ACCESS TYPE (see Tablae 5-5)
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Table 5-~4¢.

MESSAGE TYPE

SINGLE OR
MULTIPLE
SLAVES

Message Type Codas

PARAMETER WRITE

BLOCK MESSAGE

-SHORT HEADER

-EXTENDED HEADER

TENURE PASS

BUS INTERFACE

NOTE: Codas not listed above are raserved.

SINGLE
MULTIPLE

SINGLE
SINGLE
MULTIPLE

SINGLE
SINGLE
MULTIPLE

SINGLE
SINGLE

SINGLE
MULTIPLE

5-13

READ
OR
WRITE

WRITE
WRITE

WRITE
READ
WRITE

WRITE
READ
WRITE

WRITE
WRITE

READ
WRITE

MESSAGE
TYPE CODE
HWA <12..9>

0
0

0
1

1
1

Version 2.2
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Tabla 5-5. Access Typa Codas

SEQUENCE TYPE ACCESS TYPE CODE
HWA <15..13>

PARAMETER WRITE 000 THRU 110 - APPLICATION SPECIFIC.
(PASSED TO DEVICE)
111 - RESERVED.

BLOCK MESSAGE

BITS 15-14 00 THRU 11 = APPLICATION SPECIFIC
(PASSED TO DEVICE)
BIT 13 ¢ = NEW MESSAGE
1 - RESUME PREVIOUS MESSAGE
TENURE PASS 000 = TENURE PASS.
001 THRU 111 = RESERVED.
BUS INTERFACE 000 = BUS INTERFACE LINK REGISTER
SPACE.

001 THRU 011

RESERVED FOR HIGHER LEVEL
PROTOCOL ACCESS.

100 THRU 110 - IMPLEMENTATION DEFINED
REGISTER SPACE.

111 ~ RESERVED.
5.2.3.3 Header And Data Sequence Acknowledgement,

Headar and Data Acknowledge sequaences have the same form and use the
sama word formats. There arae two basic formats for the acknowledgement, sin-
gle slave and multiple slavae. Tha single slave Acknowladge saquence shall be
used when the Sequanca Typa fiald in HWA specifies a singla slave sequence and
the multiple slave Acknowlaedga saquencea shall ba used whenever the Sequence
TJyre fiald in HWA spaecifias a multiple slave sequence. The single slave
Acknowledge saquanca transfers ona word of messaga status information from the
slave to the master. The multipla slave Acknowledge sequence transfers 1)
eight bits of aggregate message status information from tha slaves to thae mas-
tar and 2) an individual bit of message status information from each of tha 32
possible slave devicaes to the master.
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5.2.3.3.1 Single Slave Acknouladga.

The slave module shall perform error checking and logging during the
message saquance. The Single Slave Acknowledge Word (AWS) definad herein pro-~
vides the master with a record of the logged errors and the Module Identifica~
tion of the slava.

Thae Singla Slave Acknouwlaedga Word shall ba transmitted from the slave to
the mastar during the Haader and Data Acknoulaedge cyclaes of each single slave
saquenca. The master Bus Interface should pass the Single Slave Acknowladge
Word to tha mastar davica.

The Singlae Slave Acknowladge Word format shall be as shown in Figure 5-3
and specified below.

5.2.3.3.1.1 Slave Moduyle Identification Field (MID). Tha Slave Module Idaen-
tification fiaeld shall contain the MID for the slava.

5.2.3.3.1.2 Acknowledga Word Tvpe Field (AWI). Thae Acknowladge Word Typa
(AWT) field shall contain a two bit binary coda as specifiad in Figure 5-3.
An AWT coda of 00 shall spacify that the slave has closed the message sequence
with this header or data acknouwledge, as appropriate. In conjunction with an
S field value of 1, an AWT of 00 shall specify maessaga complate. In conjunc-
tion with an S field value of 0, an AWT of 00 shall spacify that tha Acknowl-
edge Word complataes tha slava's response to a Suspand saquence as specified in
"5.3.5.1 Suspand,.” AWT codas 01, 10 and 11 shall spaecify that the slave is
acknowlaedging the completion of the headaer saquance. The codes 01 and 10 fur-
thar spacify that tha slava will respond to a Data sequence suspend with tuo
or eight Resume Control Words, respectively. The $ field code shall ba 0 for
an AWT code of 01 or 10. An AWT coda of 11 shall further specify that the
slave cannot perform a suspend saquence during the current message. The S
field coda shall ba 1 for an AWT coda of 11. The slave shall use an AWT code
of 11 and an S coda of 1 for any Bus Interface Maessage Header Acknowladge,
since thesa messagaes arae not suspendabla.

5.2.3.3.1.3 Errors Figld. The slave modula shall specify detected errors in
bits 7 through 13 of tha Acknowledge word. Errors reported in the Headar
Acknowlaedge Word shall be those errors that origirate in the current message
from the start of the Headar through thae sacond cycle prior to the Header
Acknowledge. Errors raeported in tha Data Acknowledge Word shall be thosa
errors that originatae in tha currant massage from one cycle prior to the Head-
er Acknowledge through the second cyclae prior to the Data Acknowledgae. In
addition to logging current massage error indications, the Bus Intaerface
should report detactaed arrors to the davice at the time of detection.
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The definition of each error type in the single slave acknow_aedge word
shall ba as listad below:

correctabla Lina Error A signal line error has baen detected and cor-
raectad.
Uncorrectabls Lina Error A signal line error that cannot be corrected

has been detected.

Saquance Error Tha Cycle Type, Acknowledge Set, Wait and Bus
Requaest linaea sequence of states is not in
agrueemant with defined protocol sequences or
rulas.

Protect Error A Bus Intaerface Message write opaeration has
been attemptaed which is write protected.

Command Error A Header Word A has baeen recaeived which is not
in agreament with the defined protocol or or
tha slave is unable to perform the commanded
oparation because the current bus master's pri-
ority code is unknown; or a massage has been
recaived which is not in agreement with the
defined format for the slava devica.

Resource Not Present Error A raesource or capability that i= ot imple-
maented has been addressed in this module.

Device Error Module device has detected an error attempting
to perform a bus related opaeration.

5.2.3.3.1.4 DBusy Field (B). The slavae module shall specify in bit 14 of the
Acknowledge word whather the slava device is Busy or not Busy. Tha device
shall be raecorded as Busy only when the devicae is unablae to accept an other-
wise valid message becau=a of other opaerations in progress. The slave module
shall post the normally scheduled acknowladge word typa. The mastar should
abort any saequence in which the slave device is spacified as Busy. Thae master
may ratry the messaga at a later tima.

5.2.3.3.1.5 Suspend Field (S). Thae slave shall spacify in bit 15 of the
Headaer Acknowledge Word whether the messaga is suspaendablae or not suspendabla.
Only Block Maessagaes may be spacified as suspendabla. Thae slave shall specify
in bit 15 of the Data Acknouwlaedge Word whather tha Data Acknowlaedga is in
raesponsa to a Suspend sequence or the complaetion of the messaga.
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Figure 5-3. Single Slave Acknouwlaedge Word Format - Data Lines

S} B ERRORS AWT SLAVE MID

151164113)122]11130} 9] 8] 7} 6] 51 &] 3} 2] 1} O

[ I T O MSB LSB
<== 1= ERROR ===-== >

<== 0= NO ERROR====> SLAVE MODULE IDENTIFICA/ION

ACKNOWLEDGE WORD TYPE
00 (S=1) - MESSAGE COMPLETE
00 (5=0) - MESSAGE SUSPENDED

01 - HEADER COMPLETE, DATA EXPECTED,
(S=8) SUSPENDABLE, 2 RC WORDS

10 - HEADER COMPLETE, DATA EXPECTED,
(S=0) SUSPENDABLE, 8 RC WORDS

11 - HEADER COMPLETE, DATA EXPECTED.
(S=1) SLAVE NOT SUSPENDABLE

CORRECTABLE LINE ERROR

UNCORRECTABLE LINE ERROR

SEQUENCE ERROR

PROTECT ERROR

COMMAND ERROR

RESOURCE NOT PRESENT ERROR

DEVICE ERROR

DEVICE BUSY 0 - NOT BUSY
1 - BUSY

HEADER ACKNOWLEDGE: 0
1

SUSPENDABLE
NOT SUSPENDABLE

DATA ACKNOWLEDGE: 0

MESSAGE SUSPENDED
MESSAGE COMPLETE

[
]
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$5.2.3.3.2 Multipla Slave Acknowledge.

A Multiple Slave Acknowladge sequenca shall consist of one bus transfer
cycle to transmit aggregate messagae status and four bus transfer cycles to
transmit individual acknowlaedge bits. The first transfer cycle shall ba used
by each slavae to transmit a Maessage Status Word to the master. The individual
Message Status Words shall be wire-ORed on the bus to form an aggregrate Mas-
sage Status Word. Thae remaining four transfer cyclaes shall be used to trans-
mit multiple slave Acknowlaedge symbols from the slave(s) to the master. The
five transfer cycles are labeled HAO, HA1l, HA2, HA3 and HA4¢ for a Multiple
Slave Header Acknowlaedge saquaence or DAO, DAl, DA2, DA3 and DAG for a Multipla
Slavae Data Acknowledge sequence.

During cyclaes HAG and DAO, slave modules shall transmit a Message Status
word to the master using Data lines <15...0>. Tha format of thae Messaga Sta-
tus word shall ba as daefined in Figure 5-4 and Figura 5-5. Data lines
<15...8> shall have tha sama meaning as bits <15...8> of the Singlc Slave
Acknowlaedge Word and these bits shall be replicated on Data lines <7...0>,
raespactivaly, to permit error checking. If there is an uncorrectable error in
the Data lina group, the module shall assume that both lines in any affaected
pair of redundant lines are assaerted. For Class EC messages, bits <15...8>
shall also ba replicatad on Data Chack lines <7...0>, respectivaly, to permit
error correction. Modules shall not assaert any Data Group lina on cycle HAO
or DAO other than the lines daefined abova. Thae Master Bus Intaerface should
pass thae aggregata Messagae Status to tha master davica.

Errors reportaed in the Multiple Slave Header Acknowledga word cyclae HAD
shall includa thosa errors that originate in the current message from cycla HO
through the second cycla prior to cycle HAD. During multiple slave Bus Inter-
face Message and Block Massage sequences, aerrors reported in the Multiple
Slave Data Acknouwladge word during cyela DA0 shall include thosa aerrors that

originate from one cycle baefore HA0 through the saecond cycle prior to cycle
DAO.

Haeadaer acknowlaedge cyclaes HA1l through HA4 shall be used to transfaer "Ac-
knowledge™ multipla slave acknowledge symbols from tha slave(s) to the master.
Slave modulas with MID valuas 0 through 7 shall post tha "Acknowledga™ symbols
shown in Table 5-6 and Tabla 5~7 on the Data Group during cycla HAl. Slave
modules with MID values 8 through 15 shall post their “Acknowlaedge” symbol
during cycla HA2 of the sequence. Slave modules with MID values 16 through 23
shall post their "Acknowledga™ symbol during cycla HA3 of tha saequenca and
slave modules with MID values 24 through 31 shall post their "Acknowledge"
symbol during cycle HA4 of the saquence. Modulaes shall not assart any Data

Group line other than the lines included in thair symbol on thaeir assigned
Acknoulaedge cycla.

Data acknowlaedge cyclas DAl through DA% shall be used to transafaer the
"Acknowledgae™ or "No Acknowledge” multiple slave acknowledge symbols defined
in Table 5-6 and Tabla 5-7 from tha slave(s) to the master. The "Acknowladgae”
multiple slave Acknowledge symbol shall ba posted on tha Data Group during tha
assignaed cycle of a Data Acknowladge sequence when the module is & slave and
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has detaected no uncorrectable errors in the current sequence. Otherwise the
slave shall post "No Acknowlaedga™ during the assigned Acknowledge cycle.
Slave modules with MID values 0 through 7 shall post their multiple slave
Acknowledge symbol on tt.a Data Group during cycle DAl. Slava modulaes with MID
values 8 through 15 shall post their multiple slave Acknowledge symbol during
cycla DA2 of thae sequance. Slave modulaes with MID valuas 16 through 23 shall
post their multiple slave Acknowledge symbol during cycle DA3 of the sequence
and slave modules with MID values 24 through 31 shall post their multiple
slave Acknowledge symbol during cycle DA4 of thae saeagquence. Modulas shall not
assert any Data Group line other than the linas includaed in thair symbol on
their assigned Acknoulaedge cyclae.

The multiple slave Acknowlaedge symbols posted by the slave(s) during a
particular Acknowlaedge cyclae shall ba logically OR'ed on the bus to produce
ona of the four Multiple Slave Acknowledge Words (AWML, AWM2, AWM3 or AWM4)
which shall be used during each multiple slava acknowledge sequence. The mas-

ter Bus Intaerface should pass the Multiple Slave Acknouledge Words to tha mas-
ter daevicae.

In addition to posting their assigned acknowledge symbol, slave modules
shall post tha symbol ACK (or NAK if requiraed in response to an aerror) on the
AS lines during their assigned Acknouwladga cycla. Slavae modulas shall post
the symbol NS (or NAK if required in response to an error) on tha AS lines dur-

ing tha Acknowlaedge cyclaes in which thay are not assignad to post thair
Acknowlaedge symbol.

Errors shall be logged during multipla slave saquences as specifiaed for
single slave sequaencaes. A multicast saquence acknowledga word which has tha
same format and information that a Single Slave Acknowlaedge Word would have
had if the saquaencae had been a single slave sequenca shall bae stored in the
Multicast Acknowledge Ragister (sea "5.3.7.3.1 Multicast Acknowledge Regis-
ter - Address 0.") on the slave's assigned Header Acknowladge cycle. During
multiple slave Bus Interface Message and Block Message sequences, a word
equivalent to thae Data Acknowledge word for a singla slave sequence shall ba
formaed. The acknowledge information stored in Multicast Acknowledge register
bits <14..7> on the Headar Acknowladga cycla shall ba logically OR'ed with
bits <14..7> of the equivalent single slave Data Acknowlaedga word and the
result stored in bits <14..7> of the Multicast Acknowledge register on the
slave's assigned Data Acknowlaedge cycla. Bit <15> and bits <6..0> of tha
equivalent single slave Data Acknowledge word shall be stored in Multicast
Acknowlaedga Raegistaer bit <15> and bits <6..0>, raespectively, on the slave's
assigned Data Acknowledge cycle. All detected errors should ba reported to
thae davice at the tima of dataection.
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Figure 5-4. Multiple Slave Status Word Format (AWMO) - Data Lines

ERRORS

B ERRORS

15

14

13112411

16| 9| 8

61 5] &) 3

2] 1} 0

<== 1= ERROR =-=-=>
<== 0= NO ERROR->

[ 1]

<~= BITS <15..

REPEATED

.8> ——==>

UNCORRECTABLE LINE ERROR

SEQUENCE ERROR

PROTECT ERROR

COMMAND ERROR

RESOURCE NOT PRESENT ERROR

DEVICE ERROR

DEVICE BUSY

0 - NOT BUSY
1 - BuUsY

HEADER ACKNOWLEDGE:

DATA ACKNOWLEDGE:

0
1

SUSPENDABLE
NOT SUSPENDABLE

MESSAGE SUSPENDED
MESSAGE COMPLETE
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Figure 5~5. Multiple Slave Status Word Format ~ Data Check Linas

(Usad only for Class EC)

S| B ERRORS

71 6} 5] o] 3§ 2| 1] 0

<-= 1= ERROR ~--=>
<== 0= NO ERROR->

UNCORRECTABLE LINE ERROR

SEQUENCE ERROR

PROTECT ERROR

COMMAND ERROR

RESOURCE NOT PRESENT ERROR

DEVICE ERROR

DEVICE BUSY 0 - NOT BUSY
1 - BUSY

HEADER ACKNOWLEDGE: 0 - SUSPENDABLE
1 - NOT SUSPENDABLE
DATA ACKNOWLEDGE: 0 - MESSAGE SUSPENDED
1 - MESSAGE COMPLETE
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Tabla 5-6. Multiple Slavae Acknowladgae Symbol Formats (Four Words)

MODULE ID ASSIGNMENT DATA LINES

AWML JAWM2 |AWM3 |AWM4 |15)14]13]12111]10) 9| 8] 7] 6) 5] 4] 3] 2] 1] 0

0 8 16 26 0y oj o] of 0o} 0of of Ay 0 O} O} O] O] O] 0} A

1 9 17 25 0| oy o] 0} 0y O} A} 0f 0y 04 O) O] 0 O] A] O

2 10 18 26 0f 0f 01 Of Of A{ Of O} Oy Of O} Of O Af O} O

3 11 19 27 0f 0 0 O0f A| G{ Of O O Cf Of O] A{f Of O O

4 12 20 28 0| 0) O] A Of O0f of O Of O O Ay Of 0 0| O

B 5 13 21 29 0] 0] A{ O} 0| of o of 0| Of Af O] O O of ©

6 14 22 30 0y A{ ofj 0f O0f o) of of 0| A] o of o 0] o] O

7 15 23 31 Al o} o] o} of o of o] A| G}y o] Oof 0| O] O} O

A) 0=NO ACKNOWLEDGE / 1=ACKNGCWLEDGE
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Table 5-7. Multiple Slave Acknowlaedge Symbols (Four Words)

Data Chaeck Lina Formats (Used only for Class EC)

MODULE ID ASSIGNMENT

DATA CHECK LINES

AWML [AWM2 |AWM3 | AWMG 7

6| 5| 4| 31 2] 1

0 ] 16 24 0

0f 01 0} 0} 0} O

1 9 17 25 0

2 10 18 26 0

3 11 19 27 0

% 12 20 28 0

5 13 21 29 0

6 16 22 30 0

7 15 23 31 A

A) 0=NO ACKNOWLEDGE 7 1=ACKNOWLEDGE
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5.3 A MENT

5.3.1 INTRODUCTION

Datailed raequirements for thae PI-bus Data Link protocol are specified in
this section. Tha bus stataes which govern the cycla-by-cycle operation of the
bus are daefined and thair raelationships to thae protocol states are given. Tha
bus mastaership protocol is spacified, including requirements for the use of
Bus Raequaest. All PI-bus communications sequences are specified by sequence
diagrams which show the schaduled sequence of bus states and corresponding

modulae operations. Any sequence not specified haerein shall ba considered
invalid.

Tha protocol for using Wait to insert non-transfaer cycles into s message
sequance is specified. Tha Data Link facilities which are required to be
accaessible over tha bus are defined. Finally, bus response to error condi-
tions is spacified and bus diagnostics techniques are definad.

5.3.2 BUS STATE DEFINITIONS.

Tha protocol states defined in ™5.2 GENERAL REQUIREMENTS."™ consist of
saquances of bus states. The bus states shall define the information content
of each bus cycle. Tabla 5-8 lists thae bus states along with their corre-
sponding Cycla Typaes and tha protocol states in which they appear.
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Tabla 5-8. Bus State Daefinitions
BUS PROTOCOL
STATES |CT STATE COMMENT
I I |Idle Bus Idle cycla.
Vo .. V3 V |Vie Vie priority bits resolved, 3 per step.
VZ0 .. VZ3|V |Vie Non-Transfaer cycle for vie decision time.
Ho HO | Header First cycle of header transfer.
H1 .. H9 H {Header Additional cycles of header transfaer.
HZ H |Headar Non-Transfer cycle for decision tima.
HAO A |[Headar Ack|Singlae slave or first multicast
Headaer Acknowledga.
HAl .. HA4|A |Headar Ack|Additional multicast header acknowledge.
HAZ A |Header Ack|{Non-Transfer cycle for dacision tima.
D D |Data Datum transfer cycles.
DZ D }|Data Non-Transfar cycle for decision tima.
DAO A |Data Ack Single slave or first multicast
Data Acknowledga.
DAL .. DA4|A [Data Ack {Additional multicast acknowledge cycles.
S0 .. S2 S |Data Cycles announcing message being suspended.
ABO .. AB3|AB|Abort Cycles announcing sequence being aborted.
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Each of tha PI-bus communication sequaences defined herein has a corre-
sponding saquanca diagram which shows the required schadule of bus stataes and
the corresponding bus operationsa for that sequance.

The Sequaenca diagrams contain tha following information:

BUS STATE

Bus Stats

DATA
D«¢31..16>

D<15..0>

Source

Read source

Hrite Source

CYCLE TYPE
Cycle Type

Saurca

ACKNOWLEDGE SEY

Acknouledge

Unique bus state is shown for each scheduled bus cycle.

Data format type or stata for the most significant 16 bits of
a 32 bit bus.

Data format type or state for the 16 bit bus or the least sig-
nificant 16 bits of a 32 bit bus.

Bus Interface driving the data lines; master (M) or slave (S).

Shows cycles where the slave (S) sources the Data during a
read saquanca.

Shows cycles wherae tha master (M) sources Data during a write
sequance.

If no Sourca, Read Sourca or Write Rasource is shown, data
linaes are raleased.

Dafinas Cycle Typa symbol for each scheduled bus cycla.

Shows tha source of tha Cycle Type symbol as tha master (M) or
a contender (C),.

Dafinaes the stata of the Acknowladga Saet linaes for each bus
cycla. Tha AS lines may be driven by a single slave, by mul-
tiple slaves or by contendaers in Vie. For the multiplae slave
casa, an NS5 (Not Saelected) baneath ACK means that an NS symbol
may appear for that bus cycle if thaerae are no sources for ACK

during that cyclae out of the group of potential slava (S)
sources.
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source The Acknowledga Source is shown as slave(s) (S) oeor
contendar(s) (C) or, if not shown, thae linas are released.

sSource <7-0> For multiple slave case, the Source maybe any slava(s) ($S)
with an MID valua of 0 thru 7.

source <15-& For multiple slave case, the Source mayba any slave(s) (S)
with an MID value of 8 thru 15.

source <23-16> For multiple slave casae, the Source maybe any slava(s) (S5)
with an MID value of 16 thru 23.

source <31-24> For multiple slave casa, tha Source mayba any slavae(s) (S5)
with an MID value of 24 thru 31.

HAIT

Allowed Defines bus cycles where Wait may ba asserted. A source for
Wait is not shown in these sequencaes since the schedulaed
saquaence of bus states assumes that Wait is not asserted.

A saet of four colons (::::) in a sequancae diagram indicates that a number of

bus states occur in the saquenca at that point.
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5.3.3 BUS MASTERSHIP.

Thae protocol governing bus mastership is specified herein. Thae Vie and
Tenure Pass Messaga sequences which assign bus mastarship to a particular mod-
ula are definad. The protocol which allows a module with higher priority than

the current bus master to request a Vie sequencae by asserting Bua Requast is
spacifiad.

5.3.3.1 Yiae Seauence,

The Vie sequaence shall be used to determine a single bus master for the
first Header saquencae which occurs after the bus enters the Idle state. The
bus mastaer shall ba selected on the basis of tha Via Priority code stared in
aach contender's Vie Priority Ragister (sea "5.3.7.3.6 Vie Priority Raegister
- Addrass 5."). The selectaed bus master may retain tenure or may assign ten-

ure to another modulae by using the Tanure Pass Message sequence dafined in tha
naxt saection.

Any module that requires bus mastership may initiate Vie after two or
more cyclas of ldle. Modules shall be capable of participating in a Vie
saequence which begins on the third or any later cycle of Idle. All active mod-
ules shall monitor each step of the Vie process and store the Vie Priority
laval of the winning modula.

Dua to pipaline delays, a module may attempt to initiate Via up to one
cycla after Vie is initiated by another module. In that case, the module
which attempted to initiate the late Vie sequance shall ceasa to contend on
next cycle and shall completa the original Vie sequencae as a non-contender.
Modules shall not attempt to initiate Vie more than one cycle after the V
cycla typa has been posted on the Cycle Type linas.

Tha Vie saquenca shall be a four step seauence as defined in Table 5-9.
Each vie step shall use two bus cyclaes to resolve thraee of the twaelve bits of
Via Priority code. Modules which are contending for bus mastaership shall
dacode tha thraee most significant bits (VP<11..9>) of thair Vie Priority code
into a one-of-eight Module Vie Code as shown in Table 5-10 and Table 5-11.
Modulaes shall initiate Vie by posting tha Modula Vie Code on tha Data line
group and the V cycla type on the Cycle Typa linas. On tha following bus
cvcle, contendaers shall release tha Data line group.
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Table 5-9. Vie Saequance

BUS STATE

SIGNAL LINES vo vze| vi vZi| v vz2] V3 | vZ3

DATA X
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> veco 0 vCc1 0 ve2 0 vC3 0
Sources c (o c c
CYCLE TYPE v v v v v v v v
Source=C

ACKNOWLEDGE NS | NS RCG| RCG| RCG| RCG| RCG| RCG

Source= (o c c c c c
WALIT 0 0 0 0 0 0 0 0
Allowad NO NO NO NO NO NO NO NO

STEP SUB-CYCLE 1 2 1 2 1 2 1 2

VIE PRIORITY 11,10,9 8,7,6 5,4,3 2,1,0
CODE BITS
VIE STEP 0 1 2 3

% - VCx is tha vie coda formed by the inclusive 'OR' of the
via codes assaertad by all contending modulas (C).

Modules shall read the logical-OR of the Module Vie Codaes posted by the
contenders from the Data line group at the end of the first cycle of Vie (bus
state V0) as an Aggregate Viae Code (VC8). During the second cycle of each
step, each contendar (C) shall compare the posted Module Vie Coda to the
Aggregatae Vie Coda read from the bus. If tha Aggregate Vie Codae read from the
bus has a bit assarted in a more significant bit position than tha Modulae Via
Code posted by thae module then thae module has lost contention and shall not
drive the bus on any remaining cycles in the Vie saquenca. If the contender’'s
posted Module Vie Code has thae same bit asserted as the most significant bit
asserted in the Aggraegate Vie Code the module has not lost the vie step and
shall proceed to thae naext Viae step as a contendaer. If thaerae is an uncorraecta-
ble error in tha Data line group, the module shall assuma that both lines in
any affectad pair of redundant lines are asserted.
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This process shall be repeated in the second, third and fourth vie steps

using Vie Priority codae bits VP<8..6>, VP<5..3> and VP<2..0>, respec-
tively. At the conclusion of the fourth vie step, at most one module remains
as a contender and that module shall becomae the new bus mastaer. If a bus mas-
ter is selectaed, uniquanaess is guarantaeed by the five MID bits within the Via
Priority Coda. The bus mastaer must post HO on the bus cycle immediately fol-
lowing thae VZ3 cycle. If no bus mastaer is selected due to arror conditions,
the bus shall return to the Idle statae. ’

Table 5-9 defines the detailed saquence of bus states and module actions
during the Via sequancae. Thae Data lines are shown as two groups of sixteaen
linaes each. Lines D<31..16>, if implemantaed, shall remain released throughout
the Vie saquaenca. Contending modules shall post their Modula Vie Codes on
D<15..0> and, for Class EC buses only, on DC<7..0>, The Module Via Codas
postad by tha contending modulaes shall be logically OR'ed during thae first
cyclae of each vie step to form tha Aggregate Vie Codae for that step. Conten-
ders shall post tha symbol V on tha Cycle Type lines during each cycle of Vie
as illustrated. Contenders shall also post the symbol RCG on the AS linaes
during each cycle of the second, third and fourth vie staps. All active mod-
ules shall post NAK on tha AS linas on cycle N+2 each time an uncorrectable

Data group or Cycle Type group error which appliaes to tha operation of bus
cycla N is detaected.

Modulas shall not assart Wait nor Bus Raequest during the Vie sequence.
Non-contenders shall not assert any line or post any symbol during the Vie
saquence other thzn posting NAK on the AS lines as specified above. All
activa modulas shall monitor tha Via sequence and racord the winning bus mas-
ter's priority code. Uncorraectable Data or Cycle Type group line aerrors
detacted during tha Vie sequaence shall causa the modulaes which do not win the
Via sequence to store "unknown"™ as the current bus master's priority coda.
During sub-cycle | of each Vie stap, Data lina errors for bit pairs othar than
the most significant pair that has a line assarted may be considared correcta-
ble on Class ED buses since the winning priority is not affectaed. A module
which has "unknouwn™ for tha currant bus master's priority coda shall signal
"command error” to the bus master if the modulae becomes a slave during the bus
master's tenure (see "5.3.9 Error Datection, Racovaery And Diagnostics.™).
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Table 5-10. Module Vie Code Format - Data Lines
DATA LINES
BIT 15|14}13}22]11]10] 9] 8] 7] 6| 5| 4] 3| 2] 1] ©
PATTERN
0 o0 O 0} oy o} of o} of o} 1] 0} 0} of 0] O] 0} 0] 1
0 0 1 of of o] of of of 1f o o| o} of o of o} 1| O
01 0 0| 0) 0] 0 Of | Oy Of G| Of Oy O O 1| Of O
0 1 1 0} 0) o) o] 1} o} o} o] of o}l o] 0] 1} o} o} o
1 0 0 0l of o 1} of of of oy of of of 1j of o o O
1 0 1 of o 1| o] of O0f Of Of Of Of 1| O] 0| Oof Of O
1 10 0} 1] o)y o] of of of o)y o] 1| 0] 0] 0] o] o] O
1 11 1{ o1 of oy o of of of 2} o] o1 of Oof of o] 0
11 10 9 Vie Priority register bits for first vie step.
8 7 6 |Vie Priority register bits for second vie step.
5 4 3 |(Vie Priority raegistaer bits for third vie step.
2 1 0 Vie Priority register bits for fourth vie step.
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Table 5-11. Modulae Vie Coda Format - Data Chack Linas
DATA CHECK LINES
BIT 71 6% 51 4| 3| 2| 1} o
PATTERN
g ¢ O 0 6f 0] of 0 01 0} 1
0 0 1 o{ o} of of o}j o} 1] ©
o 1 o ol 0| of of of 1| of o
0 1 1 o] o; of of 1| of O} o
1 0 0 of o] 6] 1} of of of ©
1 0 1 ol of 1] of o} oy Ot O
1 1 0 0} 1] o] o} o o} o} o
1 1 1 1] 0] o] of of o O]l O
11 10 ¢ Vie Priority registar
bits for first
via step.
38 7 6 Via Priority ragister
bits for second
vie step.
5 6 3 Via Priority raegister
bits for third
via staep.
2 1 0 Vie Priority register
bits for fourth
vie step.
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5.3.3.2 Ienure Pass Message

The current bus master may use the Taenure Paas Massage to assign bus
mastership directly to another module. The current bus master may also use
the Tenura Pass Maessaga to bagin a new tenure under the current or a raevised
priority code. However, the Tenure Pass Messaga shall not be performed if Bus
Raquest is in tha asserted stata two cyclas prior to tha HO cycla on which the
Tenure Pass Message sequence would have started.

The formats which shall be used for the Tenure Pass Messagae header words
are shown in Figure 5-6. For thae Tenure Pass Messagae, the slave ID field of
Header Word A (HWA) shall be set to the Module Identification (MID) of the
module which shall bacome tha naw Bus Master. The fiva least significant bits
of HWB must ba the sama as the five laast significant bits of HWA. Bits five
through saeven of HWA must be zero. The Format (F) bit in HWA shall be 0 and
the Typa 16 saquence shall be used for both Type 16 and Typae 32 buses. Header
Word B (HWB) shall contain the new bus maataer priority coda.

Figure 5-6. Tenure Pass Massage Header Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

15116§13112(114101 9| &} 71 6{ 5{ 4{ 3|1 2({ 1| ©

jo o ofl1 0o 1 0/cjo o of MID |

HEADER WORD B (HWB)

15]14|23)12]11}10) 9} 8) 7] 6] 5] &) 3] 2] 1] o

MSB LSB[MSB LSB

NEW MASTER MODULE
IDENTIFICATION (MID)

NEW MASTER LOGICAL
PRIORITY CODE

RESERVED (ZEROS)

Tha scheduled saquanca of bus stataes for the Tenure Pass Massage shall
be as shown in Tabla 5-12. Each bus statae shall use ona bus cycle axcept that
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the master or slave may insert non-transfer cyclaes into the sequanca by
assarting Wait during the HZ and/or HAO0 states.

To initiate a Tenure Pass Messagae, the bus master (M) shall post HWA on
D<15..0> and post the symbol HO on the Cycle Type (CT) lines during the HO
state of the Tenure Pass Maessage. The bus master shall post HWB on D<15..0>
and thae symbol H on the CT linas for the Hl state. During the HZ state, the
Data group linaes shall be released and the bus master shall post H on the CT
linas. Also, the slava (S) shall posat the aymbol RCG on the Acknouwladge Set
group linas. On the HAO state, the slave shall post the singla slave Acknowl-
edge word (AWS) on D<15..0> and shall post the symbol ACK on tha AS group
lines. Also, the master shall post the symbol A on the CT group lines. The
bus master shall post A on tha CT lines and tha slave shall post ACK on the AS
group linas during tha HAZ state. Thae Data group linaes shall be released dur-
ing HAZ.

Tha original bus master shall not post Abort nor post Wait on HAZ and
shall raeleasa sll signal lines on thae bhus cycle following HAZ. The original
bus master's tenure shall end with the HAZ state and the original slave's ten-
ure as tha new bus master shall bagin on tha neaxt bus cycle.

All activa modulaes shall monitor the Tenure Pass Message and shall
acquire tha new bus mastaer's priority code from HWB. Any module that detects
an aerror in the Tenure Pass Maessaga shall store "unknown” as the current bus
master's priority coda. A module which has "unknown™ for the current bus mas-
ter's priority code shall signal "command error”™ to the bus master if the mod-
ule becomas a slave during tha bus master's tenure (see "5.3.9 Error
Detaction, Recovery And Diagnostics.™).

The Tenure Pass Messaga shall not affect tha Vie Priority Register of any
modula.
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Table 5-12.

Tenure Pass Maessage Sequaenca

BUS STATE
SIGNAL LINES HO H1 HZ HAG| HAZ
DATA
D<31..16> 0 0 0 0 0
D<15..0> HWA| HWB 0 AWS 0
Source = M M S
CYCLE TYPE HO H H A A
Sourcae =M
ACKNOWLEDGE NS NS RCG] ACK] ACK
Sourca = -] S S
WAIT 0 0 0 0 0
Allowed NO NO YES| YES| (1)

Version 2.2

(1) Notae: Only naxt master can assart wait on this cycla.
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5.3.3.3 Bus Reayaest,

The Bus Requaest lina shall be asserted by a modula to signal thae current
bus master that the module has a higher priority requirement for bus master-
ship. Tha module asserting Bus Raquaest shall ensure that this condition is
met by only asserting Bus Raquest when the modulae's Vie Priority raegister con-
tains a higher priority coda than that of thae current bus master. A module
shall not assaert Bus Raquast when tha currant bus master's priority coda i%
unknown. Tha current bus master shall honor Bus Raquaest by relinquishing ten-
ure and releasing all bus signal lines by the end of the Vie Intarval defined
by the sum of tha bus cycles specified by tha contents of the Vie Interval A
Register plus the contents of the Via Interval B Register plus six cycles (see
"5.3.7.3.4 Via Interval A Register - Address 3." and "5.3.7.3.5 Via Interval
B Register - Addraess 4.").

Tha assaertion of Bus Request shall be allowed on any bus cycle, except
for the cycles starting with thae third cycle of Idla and continuing through
the last cyclae of Via. If a module asserts Bus Requaest during a Tenurae Pass
Message and the naw bus master acquires tenure with a higher priority than the
module asserting Bus Raequast, tha module shall release Bus Raquast within six
cyclaes after the start of the next bus master's tenure.

Tha bus mastar shall count all bus cyclaes, including non-transfar cyclas,
whenever Bus Raequest is asserted. The first cycle counted shall ba the first
cycle after the cycle containing the initial assertion of Bus Requast. Any
subsequent cycle in which Bus Request is released shall not be counted and

shall cause the accumulated count to be discarded. To relinquish tenure, the
bus master may:

1. release all bus lines to place tha bus in the Idle state rather than post
an HO cycla or

2. if a Block Massaga data sequaence is in prograess and the slave(s) have
indicated in the associated Header Acknowlaedge that suspension is
allowaed, the bus mastear may perform a Suspend Sequence (see

"5.3.5.1 Suspend.™) and raeleasae all bus lines bafore the total Vie Inter-
val time elapsas.

If tha cyclae count reachaes the sum of the valua specifiad in tha Via Interval A
Ragister plus tha valua specified in the Vie Interval B Ragister, tha bus mas-
ter shall perform an Abort sequence such that the first cyclae of the Abort
saquenca occurs on the second bus cycla immediataely following tha cycle that
axcaeeds thae Vie Interval limit. After completing the Abort sequaence the mas-

ter shall immediately ralinquish tenure and release all bus lines (see
"5.3.5.2 Abort.").
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5.3.4 MESSAGE SEQUENCES

5.3.4.1 Parameter Write Message.

Tha Parameter Write Maessage shall be used to transfer a one word parama-
tar from the master device to a slave or multiple slave davices. The Parame-
tar Writae sequenca of bus stataes shall ba as dafined in the following tablas:

Type 16, single slave ---- Table 5-13
Typa 16, multiple slave ~- Tablae 5-14
Typa 32, singlae slave ---- Tablae 5-15
Typa 32, multiple slave ~- Table 5~-16

Headar word formats for tha Parametar Write message shall be as shown in
Figura 5~7. Headar Word A shall specify tha slava(s), Type 16 or 32 Format,
Accass and Massage Types. The Access Typa fiaeld is application dependant,
excapt that the code 111 shall be reserved. Message Typas shall be as defined
for tha single slavae (SS) and multiple slave (MS) cases. Headaer Word B shall
contain the parametaer information to be passed to the device. Headar Word CO
and C1 shall contain 32 bits of virtual addressing information to be passed to
the device.

The Haeadaer Acknowladge Word (AWS) shall supply curraeant message status
information to the mastar from thae slavae for single slave sequaences. For mul-
tiple slave saquencas, the Multipla Slave Status Word (AWMO) shall supply cur-
rent massage status information to tha master. The multiple slave Header
Acknowladge Words (AWML, AWM2, AWM3, AWM4) convey the list of slavae partic-
ipants to thae mastar.
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Figure 5-7. Paramatar Write Headaer Word Formats

HEADER WORD A C(HWA)

AT MSG TYPE F SLAVE ID

15|14[13]22)12]10{ 9| 8] 7| 6| 5] 4] 3| 2] 1] ¢

ACCESS 0001-58
TYPE 0011-MS

HEADER WORD B (HWB)

15]14113}12)11]10] 9| 8] 7] 6] 5y &) 3] 21 1] ¢

MSB <--=~-====cmuu ~- PARAMETER ----==-=-======> LSB

HEADER WORD €0 (HWCO)

15116|13}12|12]10] 9| 8] 7| 6] S] 4} 3} 21 1| ©

HEADER WORD C1 {(HWC1)

15116¢f13|12]11}10] 9) 8} 7| 6| 5| 4 3|1 2] 1} O

31 <===m- MOST SIGNIFICANT ADDRESS BITS=~-----> 16
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Table 5-13. Parametaer Write Sequence - Type 16 Single Slave

BUS STATE
SIGNAL LINES NO Hl H2 H3 HZ HAO
DATA
D<31..16> 0 0 0 0 0 0
D<15..9> HWA{ HWB[HWCO |HWC1 0 AWS
Sources= M M M M S
CYCLE TYPE HO H H H H A
Sourcae=M
ACKNOUWLEDGE NS NS RCG| RCG| RCG| ACK
Source= S S S S
WAIT 0 0 0 0 0 0
Allowaed NO NO YES| YES| YES| YES
5-3%
B-73
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Tabla 5-14. Paramaetar Writa Sequencea - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES Ho H1 H2 H3 HZ | HAG| HAL[ HAZ| HA3| HA4

DATA
D<31..16> 0 0 0 0 0 0 0 ] 0 0
D<15..0> HWA] HWB}HWCO |HWC1 0 JAWMO}AWML|AWM2 ) AWMS | AWMSG
Source= M M M M -] S S S S
CYCLE TYPE He H H H H A A A A A
Source=M

ACKNOWLEDGE NS NS RCG| RCG| RCG| ACK] ACK| ACK{ ACK| ACK
(NS) | (NS) [ (NS) | (NS)

- Sourca(7..0)= S S S S )
Sourca(l5..8)= S S S S S
Source(23..16)= S S S S S
Sourca(31..24)= S S S ] S
WAIT 0 0 0 0 0 0 0 0 0 0
Allowad NO NO YES| YES| YES| YES| YES|] YES] YES] YES
5-40
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Table 5-15. Paramatar Write Sequence - Type 32 Singie Slave

BUS STATE

SIGNAL LINES HO Hi HZ | HAO

DATA
D<31..16> HWB [ HWC1 0 0
D<15..0> HWA | HUCO 0 AWS
Source= M M S
CYCLE TYPE HO H H A
Source=M

ACKNOWLEDGE NS | NS | RCG] ACK

Source= S S
WALT 0 0 0 0
Allowad NO NO YES| YES
5-41
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Tabla 5-16. Paramatar Write Saequence ~ Typa 32 Multiple Slave

BUS STATE

SIGNAL LINES HO H1 HZ | HAG[ HAl[ HA2| HA3| HA4

DATA
D<31..16> HWB | HWC1 0 0 0 0 0 0
D<15..0> HWA { HWCO 0 |AWMO AWML I AWM2 | AWM3 | AWMS
Saurce= M M S S S S S
CYCLE TYPE HO H H A A A A A
Source=M

ACKNOWL EDGE NS | NS | RCG) ACK] ACK| ACK| ACK] ACK
(NS) | (NS) ) (NS) | (NS)

Sourca(7..0)= ] S S
Source(15..8)= S S S
Sourcae(23..16)= S S S
Source(3l.,.24)= S S S
WAIT 0 0 0 0 0 (] 0 0
Allowed NO NO YES| YES| YES| YES| YES| YES
5-62
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5.3.4.2 Block Measage - Short Header Seauence.

The Block Mesasage - Short Header (SH) Sequence shall be used to read data
from a single slave davica to tha master device or to write data from the mas-
ter davica to ona or more slave devices. The Block Message - Short Header
sequence of bus states shall be as definad in the following tables:

Typa 16, single slave ---~ Tabla 5-17
Type 16, multiple slave -~ Table 5-18
Typa 32, single slave ===~ Table 5-19
Type 32, multiple slave -~ Table 5-20

The headaer word formats for the Block Message -~ Short Header sequence shall be
as shown in Figure 5-8. Headaer Word A shall spacify the slava(s) ID, Type 16
or 32 Format, Access and Message Types. Access Type field bits <15,14> are
application depandant. Bit 13 indicates whaether the message is being usad to
rasume a praviously suspaendad Block Massage (bit 13 = 1) or send a new message
(bit 13 = 0). Thae Message Typas shall be as defined for tha single slave urite
(SSW), single slave read (SSR) and multiple slave (MS) cases. Header Word B
shall contain an unsigned binary datum count which specifiaes the number of
datum units to ba transafarred batweaen tha master and slava(s), excaept that all
zaros shall represaent 65,536 datum units. The datum count shall be the number
of 16 bit words for 16 bit transfers or the number of double words for 32 bit
transfaers. Haeadaer Word CO0 and C1 shall contain 32 bits of virtual addrassing
information to bae passed to the davica. When the Block Massage - Short Header
is used for raesuming a suspaended single slave message, Headar Words CO0 and Cl
shall bae the two Resume Control Words sent from the slave to the master during
the suspend sequence and they shall be raeturned in the order received. Whan
the Block Messaga is used for resuming a suspendaed multicast massage, thae con-
tents of CO0 and C1 should be definad by application depandent convaention.

The Headaer and Data Acknowladga Words shall supply current messagae status
information to tha master from the slava.

Data word formats are application specific. The number of words or dou-
ble words transferred for each Block Message - Short Header sequence shall be
equal to the value in Header Word B, For thae Type 32 sequancas, data words are
shown with L or H designations. Tha least significant half of a doublae word or
a single word transmitted on data lines D<15..0> contains tha L designation.
Tha most significant half of a double word or a single word transmitted on
data lines D<31..16> contains tha H designation.




PI-bus Specification Varsion 2.2

Figure 5-8. Block Massagae - Short Headar Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

15{1411312[11130}) 9| 8] 71 6] 5| & 3| 2] 1| O

ACCESS 0101-SSW
TYPE 0100-SSR
0111-MS

HEADER WORD B (HWB)

15|14§13122]1110] 9} 8| 7§ 6| 5| & 3| 2| 1| ©

MSB <{~==-w=~===v-= DATUM COUNT - > LSB

HEADER WORD €0 (HWCO)

1511413112 )11}10) 9| 8} 7| 6} S| 4| 3| 2f 1] o

HEADER WORD C1 (HUWC1)

15|14§13f12|11]10] 9) 8| 7| 6| 5] 4| 3] 2] 1| ©

31 <====-MOST SIGNIFICANT ADDRESS BITS~====~=~=> 16
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Table 5-17. Block Measage - SH Sequence - Type 16 Single Slave

BUS STATE
SIGNAL LINES HO H1 H2 H3 HZ HAO| DO j::::| Dn DZ DAO
DATA
D<31..16> 0 0 0 0 0 0 0 [:::: 0 0 0
D<15..0> HWA] HWB |HWCO |HWC] 0 AWS] DO |::::| Dm 0 AWS
Sourcae= M ™ M ™ S S
Read Source= S S S
Write Source= M M M
CYCLE TYPE HO H H H H A D j:::: D D A
Source=M
ACKNOWLEDGE NS NS RCG| RCG| RCG| ACK] RCG|::::} RCG] RCG{ ACK
Source= S S S S S S ) S S
WAIT 0 0 0 0 0 0 0 J:::: 0 0 0
Allowed NO NO YES| YES| YES| YES| YES| YES| YES} YES| YES
5-45
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Table 5-18. Block Maessage - SH Saquence - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES Ho Hi H2 H3 HZ | HAO] HAl} HA2| HA3| HA4

DATA
D<31..16> 0 ] 0 0 0 0 0 0 0 0
D<15..0> HWA| HWBIHWCO |HWC1 0 JAWMO]AWML | AWM2 | AWM3 | AWMSG
Source= M M M M S S S S S
CYCLE TYPE HO H H H H A A A A A
Source=M

ACKNOWLEDGE NS NS | RCG| RC3| RCG) ACK| ACK) ACK| ACK| ACK
(NS)J(NS) | (NS) | (NS)

Source(7..0)= S S S S S
Source(l15..8)= S S S L) S
Sourcae(23..16)= S S S S S
Sourca(3l..24)= S S S S )
WAIT 0 0 0 0 ] 0 0 0 0 0
Allowad NO NO YES| YES| YES| YES| YES| YES| YES| YES
5-46
B-80
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Table 5-18. Block Message - SH Sequence - Type 16 Multiple Slave (continued)

BUS STATE

SIGNAL LINES DO |::::| Dn DZ | DAO| DA1| DA2| DA3| DA&

DATA
D<31..16> 0 [:3:: 0 0 0 0 0 0 0
D<15..0> DG J::::] Dn 0 |AWMO | AWML | AWM2 ] AWM3 | AUMS
Sourcae= M M M S -] S S S
CYCLE TYPE D |s::2: D D A A A A A
SourcaesM

ACKNOWLEDGE RCG{::::| RCG| RCG| ACK| ACK| ACK|[ ACK| ACK
(NS)INS) | (NS) I (NS)

Source(7..0)= S S S S S S
Sourcae(15..8)= S S S S S S
Sourca(23..16)= S S S S S S
Sourcaf(31..264)= S S S ) -3 S
WAIT [ I EEEE] 0 0 (1} 0 0 0 0
Allowed YES| YES| YES| YES{ YES| YES| YES|{ YES{ YES
5-67
B-81
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Table 5-19. Block Measage - SH Sequence - Type 32 Single Slave

BUS STATE

SIGNAL LINES HO H1 | HZ | HAO| DO |::

Dn ¥4 DAC

DATA
D<31..16> HWB | HWC1 0 0 DOH|::::}| DnH 0 0
D<15..0> HWA | HWCO 0 AWS| DOL|::::] DnL 0 AWS
Source= M M -] ]
Read Source= ) ) S
Write Sources M M M
CYCLE TYPE HO H H A D |:::: D D A
Sourca=M
ACKNOWLEDGE NS NS RCG{ ACK|{ RCG|::::{ RCG{ RCG] ACK
Source= S S S S ] S S
WAIT 0 0 0 0 0 J:::: 0 0 0
Allowed NO NO YES| YES| YES| YES| YES| YES| YES

5~48
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Block Message - SH Sequence - Type 32 Multiple Slave

BUS STATE
SIGNAL LINES HO H1 HZ HAO] HA1l] HA2] HA3} HA4
DATA
D<31..16> HWB | HWC1 0 0 0 0 0 0
p<15..0> HWA | HWCO 0 ]JAWMO| AWML | AWM2 ] AWMS | AMG
Source= M M S S S S S
CYCLE TYPE HO H H A A A A A
Sourcae=M
ACKNOWLEDGE NS NS RCG| ACK| ACK| ACK}! ACK| ACK
(NS) [ (NS) I (NS) | (NS)
Saurce(7..0)= S S S
Source(l5..8)= S S S
Sourca(23..16)= S S S
Source(31..24)= S S S
WAIT 0 0 0 0 0 0 0 0
Allowed NO NO YES| YES| YES| YES| YES| YES
5~49
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Tabla 5-20. Block Maessage - SH Sequence - Type 32 Multiple Slave (continuaed)
BUS STATE
SIGNAL LINES DO |::::} Dn D2 DAO| DA1} DA2| DA3| DA4
DATA
D<31..16> DOH|::::| DnH 0 0 0 0 0 0
D<15..0> DoL|::::] DntL 0 |{AWMO AWML | AWMZ{AWMS | AWMS
Source= M M M S S S S S
CYCLE TYPE D {:::: D D A A A A A
Sourca=M

ACKNOWL EDGE RCG}::::] RCG| RCG] ACK| ACK| ACK| ACK| ACK
(NS)|C(NS)| (NS) | (NS)

Source(7..0)= S S S S S S
Sourca(l5..8)= S S S S S S
Source(23..16)= S S S S S S
Sourcae(3l..24)= S S S S S S
WAIT [ I '} 0 0 0 0 4 0
Allowed YES|{ YES|{ YES| YES| YES| YES| YES| YES{ YES

5-50
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5.3.4.3 Block Megsage - Extended Headar Sequence.

The Block Message - Extended Heasder (EH) Saquancae shall be usaed to read
data from a single slave devica to the master device or to writae data from the
mastar davica to one or more slave davices. This sequaencae shall be used whara
more headaer information is required than that provided by the Block Message
short headar saquaence. The Block Message ~ Extended Header sequence of bus
states shall be as defined in tha following tablas:

Type 16, single slave ---- Table 5-21
Typa 16, multiple slave ~- Tabla 5-22
Typa 32, single slava ---- Tabla 5-23
Typa 32, multiple slave ~- Table 5-24%

Haadaer word formats for the Block Massage - Extendad Headar sequence shall ba
as shown in Figura 5-9. Headar Word A shall specify the slava(s) ID, Type 16
or 32 Format, Access and Message Types. Accaess Type field bits <15,16> are
application dapendent. Bit 13 indicates whethar the message is baing used to
resuma a praeviously suspaendaed Block Massagae (bit 13 = 1) or sand a new message
(bit 13 = 0). Tha Messagae Typaes shall ba as daefined for thae singla slave writae
(SSW), singla slava read (SSR) and multiple slava (MS) cases. Headar Word B
shall contain an unsigned binary datum count which specifias the number of
datum units to ba transferred batween thae master and slavae(s), except that all
zaros shall raepresaent 65,536 datum units. The datum count shall ba tha number
of 16 bit words for 16 bit transfers or the number of double words for 32 bit
transfers. Haeadaer Word C0 and Cl shall contain 32 bits of virtual addressing
information to be passad to the devica. When the Block Message - Extended
Header is used for resuming a suspended single slave message, Header Words CO0
and Cl1 shall be the first two Resuma Control words sent from the slave to the
mastar during the suspend sequence and shall be returned in the order
recaived. Headar Words D0 thru D5 are also application dependent and shall be
passed to the slave davica. When resuming a suspended singla slava maessage
these words shall ba the last six Rasumae Control Words sent from thae slave
during the suspend sequence and shall be returned in the order received. When
tha Block Maessaga is usad for resuming a suspendaed multiple slava message, the

contants of HWCO, HWC1 and HWDO0 through HWDS should be dafinad by application
dependent convaention.

5-51
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Figure 5-9. Block Message - Extendaed Headar Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

1511413)12511)10) 9] 8| 7| 6] 5] 4} 3] 2] 1] O

ACCESS 1101-SSW
TYPE 1100-~SSR
1111-M$

HEADER WORD B (HWB)

15|14|13f12|11j10| 9] 8| 7] 6| 5] &) 3| 2] 1} O

MSB <=—=-=w=cc-—e- DATUM COUNT =---c-=m—mmoeen > LSB

HEADER WORD CO0 (HWCO)

15114113]112111§10] 9| 8] 7| 6| 5] &} 3] 2} 1] O

15 <oommm LEAST SIGNIFICANT ADDRESS BITS---=-- >0

HEADER WORD C1 (HWC1)

15{14113[12]11110} 9] 8] 7| 6| 5} &y 3| 2| 1] 0

31 <===-~ MOST SIGNIFICANT ADDRESS BITS-==-==-- > 16

HEADER WORD DO (HWDO)

15j14)13j12|11j10) 9] 8} 7] 6] 5} 4| 3] 2| 1} O

MSB LSB
* * *
% * *
¥ ] *

HEADER WORD D5 (HWDS)

1511613 )12)11}10| 9] 8} 7| 6| 5| 4| 3| 2} 1] ©

MSB LSB

5-52
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Table 5-21. Block Messaga - EH Sequence - Typa 16 Single Slave

BUS STATE
SIGNAL LINES HO H1 H2 H3 He [::::] H9 HZ2 HAO
DATA
D<31..16> 0 0 0 0 0 22 0 0 0
D<15..0> HWA| HWB |HWCO |HWCL1 [HWDO| :::: | HWDS 0 AWS
Sourcae= M (] M M M M M S
CYCLE TYPE Ho H H H H {:::: ] H A
Sourca=M
ACKNOWLEDGE NS NS RCG| RCG| RCGJ::::] RCG|] RCG| ACK
Source= S S S S S S S
WAIT 0 0 0 0 0 0 0 0 0
Allowad NO NO YES| YES| YES| YES| YES]| YES| YES
5-53
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Block Message - EH Sequence - Type 16 Singla Slave (continued)

BUS STATE
SIGNAL LINES DO 1) § D2 [::::] Dn (174 DAO
DATA
D<31..16> 0 0 0 J:zs: 0 0 0
D<15..0> Do D1 D2 |::::| Dn 0 ANWS
Sources= S
Read Sourcaes S S S S )
Writa Sources M M M M M
CYCLE TYPE D D D [s2:: D D A
Source=M
ACKNOWLEDGE RCG| RCG| RCGl::::] RCG| RCG{ ACK
Sourcas= ) S S S S S S
WAIT 0 0 0 J:::: 0 1} 0
Allowad YES{ YES| YES| YES! YES] YES| YES
5-54
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Table 5-22. Block Message - EH Sequence - Type 16 Multiplae Slave

BUS STATE

SIGNAL LINES HO H1 H2 | H3 H& J::::] H9 | HZ | HAO] HALl| HA2

DATA
D<31..16> 0 0 0 0 0 ez 0 0 0 0 0
D<15..0> HWA] HWB|HWCO|HWC1]HWDO | :::: |HWDS 0 |AWMO | AWML | AWM2
Source= M )] M M M M M S S S
CYCLE TYPE HO H H H H Jse:: H H A A A
SourcezM

ACKNOWLEDGE NS | NS | RCG| RCG| RCG|::::] RCG{ RCG| ACK| ACK| ACK

(NS){(NS)
Sourcea(7..0)= S S S S S S S S
Sourca(l15..8)= S S S S S S S S
Source(23..16)= S S S S S S S
Sourca(3l..24)= S s S S -] S S
WAIT 0 0 0 0 0 Jss:: 0 0 0 0 0
Allowed NO NO YES| YES| YES| YES| YES| YES| YES| YES| YES
5-55
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Table 5-22. Block Message - EH Sequence - Type 16 Multiple Slave (continued)

BUS STATE

SIGNAL LINES HA3) HAG| DO |::

Dn Dz DAG| DAl| DA2| DA3| DA4

DATA
D<31..16> 0 0 0 J:ts2: ) 0 0 0 0 ] ]
D<15..0> AWM3{AWMS] DO |::::] Dn 0 |AWMO] AWML | AWM2 | AWMS | AWMS
Source= S S M M M S S S S S
CYCLE TYPE A A D s D D A A A A A
Sourcae=M

ACKNOWLEDGE ACK| ACK{ RCG

RCG| RCG{ ACK| ACK| ACK| ACK| ACK

(NS) ] (NS) (NS)} (NS) | (NS) | (NS)
Source(7..0)= S S S S S S
Source(l15..8)= S S S S S -]
Source(23..16)= S S S S S S S
Sourca(3l..24)= S S S S S S S
WAIT 0 0 0 fs::2: 6 0 0 0 0 0 0
Allowed YES| YES| YES| YES| YES| YES| YES| YES| YES| YES| YES
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Table 5-23. Block Message - EH Sequence - Type 32 Single Slave

BUS STATE
SIGNAL LINES HO H1 H2 H3 Hé HZ HAOD
DATA
P<31..16> HWB {HWC1 {HWD1 | HWD3 | HWDS 0 0
D<15..0> HWA | HWCO | HWDO | HWD2 | HWD% 0 AWS
Source= M M M M M S
CYCLE TYPE HO H H H H H A
Sourca=M
ACKNOWL EDGE NS NS RCG] RCG| RCG| RCG| ACK
Source= S S S S S
WAIT 0 ] 0 0 0 0 0
Allowed NO NO YES| YES| YES| YES| YES
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Block Maessage - EH Sequence - Type 32 Single Slave (continuad)

BUS STATE
SIGNAL LINES Do )3 D2 s::| Dn DZ DAO
DATA
D<31..16> DOH{ D1lH] D2H[::::| DnH ] 8
D<15..0> poL} DIL] D2Lf::::{ Dni 0 AWS
Source= S
Read Source= S S S S S
Write Source= M M M M M
CYCLE TYPE D D D Jezs: D D A
Source=M
ACKNOWLEDGE RCG] RCG] RCGj::::] RCG] RCG}] ACK
Sourceae= ] S ] S ) S S
WAIT 0 '] 0 f:::: 0 0 0
Allowaed YES| YES| YES| YES| YES|{ YES| YES
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Table 5-2§4. Block Message - EH Sequence - Typae 32 Multiple Slave

BUS STATE

SIGNAL LINES HO H1 H2 H3 Hé HZ | HAO} HA1|] HA2| HA3| HA4

DATA
D<31..16> HWB | HWC1 | HWD1 | HWD3 { HWDS 0 0 0 0 0 0
D<15..0> HWA {HWCO {HWDO | HWD2 | HWD4 0 |AWMO AWML AWM2[AWMS | AWMS
Source= MM M M M S -] S ) S
CYCLE TYPE HO H H H H H A A A A A
Sourca=M

ACKNOWLEDGE NS | NS | RCG| RCG| RCG| RCGI ACK| ACK| ACK]| ACK| ACK
(NS) [ (NS){(NS)|(NS)

Source(7..90)= S S S S S S
Source(15..8)= S S S S S S
Sourca(23..16)= S -] ] S S ]
Sourca(3l..24)= -] S S S S S
WAIT (] 0 0 0 0 0 0 0 0 0 0
Allowad NO NO YES| YES| YES| YES| YES| YES| YES| YES| YES
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Table 5-26. Block Maessage - EH Saquence - Type 32 Multiple Slava (continuaed)

BUS STATE

SIGNAL LINES DO (::::] Dn DZ DAG| DAl DAZ2]| DA3| DA4

DATA
D<31..16> DOH|::::] DnH 0 0 0 0 0 0
D<15..0> poOL]::::] DnlL 0 |AWMO ) AWML | AWM2 | AWMS | AWMG
Sourcaz M M M S ] S S S
CYCLE TYPE D {ez2:: D D A A A A A
Sourca=M

ACKNOWLEDGE RCGj::::| RCG| RCG| ACK] ACK{ ACK| ACK| ACK
(NS)](NS) ) (NS) ] (NS)

Source(7..0)= S S S S S S
Sourca(15..8)= S S S S S S
Sourca(23..16)= S S S S S S
Sourcae(3l..24)= S S S S S S
WAIT 0 {:e:: 0 0 0 0 0 9 0
Allowed YES| YES| YES| YES| YES| YES{ YES| YES| YES
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5.3.4.4 Quas Interfaca Massage Seauence

Tha Bus Interface Maessage shall be usaed to read or uwrite to the Bus
Interface register address spaces. The Bus Intaerface Maessage sequaence of bus
states shall ba as defined in the following tablas:

Type 16, single slave ~--- Tabla 5-25
Type 16, multiple slave -- Table 5-26

Headar word formats for thae Bus Interface Message sequence shall be as shoun
in Figure 5-10. Header Word A shall specify the participant slavae(s), Type 16
Format, Accaess and Message Types. The same format shall be usad for both Type
16 and Type 32 buses. Accaess Typae coda 000 is definad for tha Data Link regis-
ter address spaca. Codas 001 through 011 shall be reserved for highaer level
protocols and the coda 111 shall be raesaervaed for future use. Thae other codes
may be usaed for implemantation daefined registers. Thae Message Typaes shall ba
as defined for the single slave write (SSW), single slave read (SSR) and mul-
tiplae slave (MS) casaes. Header Word B shall contain the address for the first
Bus Intaerface ragister to ba accessed in the saquence and an unsigned binary
word count specifying the numbaer of data words to be tranafaerred batwaen the
master and the slave(s), aexcaept that a word count of all zeros shall mean 256
words. Each data transfer aftar tha first data transfar shall access a suc-
cassive ragister address. Thae ragister address shall be incraemented after
@ach data word transfer.

Data word formats are as dafinaed in "5.3.7 Data Link Facilities.." The
numbar of data words transferred shall aqual the value in Header Word B.
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Figure 5-10. Bus Intaerfacae Massaga Header Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

1511411312111 )20) 9| 8| 7] 6] 5] 4] 3] 21 1} O

ACCESS 1001-SSuW 0
TYPE 1000-SSR
1011-MS

HEADER WORD B (HWB)

15§1413)12|12|10) 9| 8 7] 6] 5| &) 3} 2] 1] ©

MSB LSsB{MSB LSB

WORD COUNT

REGISTER ADDRESS
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Bus Intarface Messagae Sequence - Type 16 Single Slave

BUS STATE
SIGNAL LINES HO H1 HZ HAO} Do s::| Dn Y4 DAD
DATA
D<31..16> 0 0 0 0 0 |::: 0 0 0
D<15..0> HWA| HWB 0 AWS| DO |::::| Dn 0 AWS
Sourcas= M M S S
Read Source= S S S
Write Source= M M M
CYCLE TYPE HO H H A D |z::: D D A
Source=M
ACKNOWLEDGE NS NS RCG| ACK] RCGl::::] RCG| RCG| ACK
Sourcae= ) S S S S S S
WAIT 0 0 0 0 0 st 0 0 0
Allowad NO NO YES{ YES{ YES{ YES{ YES| YES| YES
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Table 5-26. Bus Interface Message Saquenca - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES HO H1 HZ HAO| HALl| HA2| HA3} HA4

DATA
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> HWA| HWB 0 |AWMOJAWML|AWM2 | AWMI | AWMSG
Sourcas M M S ) S S S
CYCLE TYPE HO H H A A A A A
Sourca=M

ACKNOWLEDGE NS NS RCG} ACK| ACK}] ACK| ACK| ACK
(NS) | (NS) | (NS) | (NS)

Source(7..0)= S S S
Sourca(15..8)= -] S S
Source(23..16)= S S S
Source(31..24)= S S S
WAIT 0 0 4 ] 0 ¢ 0 0
Allowad NO NO YES| YES| YES| YES| YES| YES
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Table 5-26. Bus Intaerface Massaga Saequence - Type 16 Multiplae Slave (continued)

BUS STATE

SIGNAL LINES Do |: Dn Dz DAO] DA1l]| DA2| DA3| DA4

DATA
D<31..16> 0 Jessz: 0 0 0 0 0 0 0
D<15..0> DO j::::| Dn 0 |AWMO | AWML | AWM2 ) AWM3 | AWMSG
Source= M M M S S S S S
CYCLE TYPE D f:::: D b A A A A A
SourcesM

ACKNOWLEDGE RCGl::::] RCG| RCG| ACK| ACK] ACK| ACK| ACK
(NS) [ (NS | (NS) | (NS)

Source(7..0)= S S S -] S S
Source(15..8)= S S -] -] S S
Source(23..16)= S S S S S S
Sourca(31..24)= S S S S ] S
WAIT 0 J:::: 0 0 0 0 0 0 0
Allowed YES| YES| YES| YES} YES| YES| YES] YES] YES
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5.3.5 EXCEPTION SEQUENCES.

5.3.5.1 Suspend.

The current bus master may elect to suspend a Block Massage during the
Data saquence providing that there ara at least three Data Cyclaes remaining
and the corresponding Headar Acknowledga Word had an S of 0 and, for single
slave messages, an AWT of 01 or 10. After completing thae Suspend sequenca,
the currant bus master may initiate a new message with an H0 cyclae or release
the bus to initiate the Idle state.

The Suspend Sequence may ba used in conjunction with the Vie Interval A
and Vie Intarval B Ragistars to optimize the trade-off betwaeen short bus
acquisition lateancy and large message sizes by allowing a Block Message to be
interrupted and resumed at a later tima.

5.3.5.1.1 Singla Slave Suspeand.

The Suspend sequence of bus states for single slava Block Maessages shall
ba as definaed in the following tables:

Type 16, single slave, short data ~--- Tabla 5-27
Type 32, single slava, short data ~---- Table 5-23
Type 16, single slave, extended data - Table 5-29
Typa 32, singlae slave, extended data - Tablae 5-30

Tha Short Data Saquence shall be used if thae AWT field of the Singla Slave
Acknowladge Word from the suspended maessage was 01. The Extended Data
Sequence shall be usad if the AWT field was 10. In terms of the data transfar
oparation, the $ cycles of these sequencas shall bae considared normal D cycles
and all Bus Interfaces shall respond accordingly. The slave shall post ACK

during the last of tha threa S5 cyclaes to indicate that tha Suspend Sequenca
has bean recognizaed.

Baginning on the fourth cycle of a Suspand saquancae, tha slave shall
transmit to tha bus master implementation/device specific Resume Control
Words that the master shall store for later use in resuming the message. The
Suspend - Short Data sequences transfar two Rasume Control Words and tha Sus-
paend - Extendad Data sequancas transfer eight Resume Control Words. The
Rasuma Control Words shall bae followaed by a Data Acknowladge Word.

5.3.5.1.2 Multipla Slave Suspend.

The Suspend sequenca of bus states for multiple slave Block Messagas
shall be as definaed in the following tables:

Type 16, multiple slave -=--- Table 5-31
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Type 32, multiple slavea ---- Tabla 5-32

In terms of the data transfer opaeration, tha S cyclas of thesa sequencas shall
be considared normal D cycles and all Bus Intaearfaces shall respond
accordingly. The slaves shall post ACK during the last of thae three S cyclas
to indicata that the Suspend Saquence has been raecognized. A non-transfaer DZ
cycla and a multiple slave Data Acknowlaedge saquance shall follow thae third S
cycle. No Resume Control Words are sent from the slaves to the master.

5.3.5.1.3 Rasuming Suspended Maeassages

A master shall resume a suspended Block Maessaga by transmitting tha
remaining data to the slava(s) in a Block Massage with bit 13 of the HWA AT
fiald set to 1. The Resumae Control Words that the slave(s) may require to
resume that message shall be sent to tha slave(s) during tha appropriate head-
er cycles as describad in "5.3.4.2 Block Message - Short Header Sequencae.”
and "5.3.4.3 Block Message - Extended Header Saquence.." For a single slave
maessage, the Rasume Control Words shall be those uwords transmitted from the
slave to the mastar during tha suspend sequence. For a multiple slave
message, the Resume Control Words must be created by tha master according to
the slaves' resumae control requirements.

A Block Maessaga - Short Headaer shall ba usaed to resume a suspendaed single
slave Block Massage which had an AWT field of 01 (two Rasuma Control Words)
and a Block Messaga - Extendad Headar shall be used to resume a suspaended sin-
gle slave Block Message which had an AWT fiaeld of 10 (e@ight Raesuma Control
Words). The type of Block Message used to resume a multiple slave maessage
shall ba determined by the slavaes' resume control word requirements.

Nota that the choica of a short or extaendaed header Block Massagae for the
resume saquence is not determined by whather a short or extended header was
usaed in the suspended Block Maessage.

5.3.5.1.4 Using Suspaend With Via Intarvals A and B

The PI-bus Vie Intaerval A and Vie Intaerval B Ragisters may be used by
some bus interfacaes to detarmine when & Suspend saquencae is required to meet
tha Vie Interval requirement and to limit the number of non-transfar cycles
causad by assartion of Wait during a Suspand sequenca. Vie Interval A may be
sqlaected to define a chackpoint whera the master bus interface determines
whether or not to suspend an incomplaete Block Maessaga. Via Intarval B may be
selacted to dafinae thae numbaer of bus cyclas allowaed for complation of the Sus-
pend sequenca, including non-transfer cycles that may be required as a result
of Waits. If the actual number of Waits causes tha total bus cycles to exceed
the numbaer specified by tha contents of the Vie Intarval A Register plus the
contants of the Vie Intarval B Ragistaer, tha master shall perform an Abort
sequaence such that tha first cyclae of tha Abort saquaence occurs on the second
bus cycla immediately following tha cycla that exceeds thae Vie Intaerval limit.
This Abort cycla shall ba tha first cycle in tha Abort Saquenca, dascribed in
"5.3.5.2 Abort.." At the end of the Abort sequence the mastaer shall imme-
diately releasa the bus to the Idle state.
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Tabla 5-27. Suspend - Short Data Sequence - Typa 16 Single Slava

BUS STATE

SIGNAL LINES Di |Di+1|Di+2| RDO| RDi| DZ | DAO

DATA
D<31..16> 0 0 ) 0 0 0 0
D<15..0> Di [Di+1{Di+2{RCDO{RCD1 0 AWS
Sources S S S
Read Source= S S S
Write Source= M M M
CYCLE TYPE S S S D D D A
SourcaesM

ACKNOWLEDGE RCG|] RCG] ACK| RCG| RCG| RCG| ACK

Source= S S S S S S S
WAIT 0 0 0 0 0 0 0
Allowed YES! YES| YES| YES] YES} YES| YES

Sources=
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Suspend - Short Data Sequencae - Typae 32 Single Slava
BUS STATE
SIGNAL LINES Di Di+l |Di+2 RDO DZ DAO
DATA
D<31..16> DiH |Di+1H{Di+2H{RCD1 0 (1
D<15..0> Dil {Di+1L}Di+2L|RCDO 0 AWS
Sourca= S S
Read Sourcae= S S S
Writa Sources M M M
CYCLE TYPE S S S D D A
Source=M
ACKNOWLEDGE RCG RCG ACK RCG RCG ACK
Sources S S S S S S
WAIT 0 0 0 0 0 0
Allowad YES YES YES YES YES YES
Source=
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Table 5-29. Suspend ~ Extendaed Data Saequence - Typa 16 Single Slava

BUS STATE

SIGNAL LINES Di |Di+1|Di+2| RDO| RD1]::

RD?7| DZ DAO

DATA
D<31..16> (1] 0 0 0 0 [z 0 0 0
D«<15..0> Di |Di+1]|Di+2|RCDOJRCD1]::::}RCD?7 0 AWS
Source= S S S S S
Read Source= S ] S
Writae Sources M M M
CYCLE TYPE S S -] D D [:2:: D D A
Sourca=M
ACKNOWLEDGE RCG| RCG] ACK| RCG| RCG|::::] RCG| RCG| ACK
Source= S S S ] S S S S S
WAIT 0 0 0 0l 0 |:::: 0 0 0
Allowed YES| YES{ YES| YES| YES{ YES| YES| YES| YES
Sourcas=
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Tabla 5-30. Suspend - Extendad Data Sequanca -~ Typa 32 Single Slave
BUS STATE
SIGNAL LINES Di Di+l Di+2 RDO] RD1| RD2}| RD3} DZ DAO
DATA
D<31..16> DiH |Di+1H|{Di+2H|RCD1|RCD3|RCD5|RCD? 0 0
D<15..0> DiL [Di+1L|[Di+2L|RCDO|RCD2|RCD4|RCD6 0 AWS
Sourca= S S S ] S
Read Source= S S -]
Write Sourcae= M M M
CYCLE TYPE S -] S D D D D D A
SourcasM
ACKNOWLEDGE RCG /| RCG ACK RCG| RCG| RCG| RCG[{ RCGj ACK
Sources -] S ] S S S S S S
WAIT 0 0 ] 0 0 0 0 ) 0
Allowad YES YES YES YES| YES| YES| YES| YES| YES
Sourcas
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Table 5-31. Suspend - Type 16 Multipla Slave

BUS STATE

SIGNAL LINES Di |Di+1 |Di+2 DZ | DAO| DAl| DA2] DA3| DA4

DATA
D<31..16> 0 0 0 0 0 ) 0 0 0
D<15..0> Di |Di+l |Di+2 0 |AWMO | AWML | AWM2 | AWM3 | AWMG
Sources M M M S S S S S
CYCLE TYPE S -] S D A A A A A
Sourca=M

ACKNOWLEDGE RCG| RCG | ACK RCG| ACK|{ ACK| ACK| ACK| ACK
(NS) | (NS) | (NS) | (NS)

Sourceae(?7..8)= S S S S S ]
Sourcae(l15..8)= S S S S S S
Sourcae(23..16)= S S S S S S
Sourca(3l..24)= S S ] S S ]
WAIT 0 0 0 0 0 0 0 0 0
Allowad YES| YES YES YES| YES| YES| YES| YES| YES
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Table 5-32. Suspend - Type 32 Multiple Slave

BUS STATE

SIGNAL LINES Di Di+1 IDi+2 DZ | DAG| DAl| DA2| DA3| DA4

DATA
D<31..16> DiH |Di+1H|Di+2H 0 0 0 0 0 0
D<15..0> DilL |Di+iL|Di+2L 0 |AWMO AWML { AWM2 ] AWMS | AWMSG
Sources M M M S S S S S
CYCLE TYPE S ] ] D A A A A A
Source=M

ACKNOUWLEDGE RCG | RCG | ACK | RCG| ACK| ACK| ACK| ACK| ACK
(NS) [ (NS){(NS)|(NS)

Source(7..0)= S S S S S S
Sourca(15..8)= S S S S S S
Source(23..16)= S S S S S S
Sourca(31..24)= S S S S S S
WAIT 0 0 ] 0 0 0 .0 0 (]
Allowad YES | YES YES YES| YES| YES| YES| YES| YES

5.3.5.2 Abort,

Tha Abort Sequence may ba usad to terminate a maessage prior to complaetion
dua to aerrors or other reasons. No header or acknowledga words are required
for the Abort sequence. A master may initiate the Abort Seaquence at any time
during its tenure, except the last cycle of a Tenure Pass Massaga.

Tha Abort Sequence shall be as shown in Tabla 5-33. The first three of
tha four bus cyclas with tha AB cycle type are used to give the slave time to
racognize that an abort has occurred. The slave (or slaves in the case of mul-
ticast or broadcast) shall respond by posting ACK on tha AS lines during the
third AB cycla to inform the master that an Abort has baen recognized. Thera
are no slavas on tha fourth AB cycle and the master is the only module that may
assert Wait on that cycla. After tha last AB cycle, the mastaer may continue

with the H0 of anothar messaga or relinquish control of the bus by releasing
the bus signal linas.
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Table 5-33. Abort Saequence

BUS STATE
SIGNAL LINES ABG| ABLl[ AB2| AB3
DATA
D<31..16> X X 0 0
D<15..0> X X 0 0
Sources= MoriMor
S S
CYCLE TYPE AB AB AB AB
Sourcez=M
ACKNOWLEDGE X X ACK] NS
Source= X X )
WAIT 0 0 '] 0
Allowad a a NO b
Source= a a . b

a) Wait assertion allowed but not honored
b) Master Wait allowad, no slaves exist
X) not defined

5.3.6 WAIT.

A master or slave may assart Wait to control the data transfer rate on
the PI-bus and theraeby accommodate slow or temporarily busy devices. During a
multipla slave sequencae, one or more of the slaves may assert Wait. Each

cycla on which Wait is assarted shall causae thae insertion of a non-transfer
cycle into a saquenca.

5.3.6.1 Rules for Assarting Wait,

A Bus Interface may assert Wait on one or morae cyclaes subject to the fol-
lowing restrictions:

1. Wait may normally ba asserted by a Bus Interface only if that modula is
schaduled to be a bus master or slave on the naxt transfer cycle. Howav-
er, the current bus master may assert Wait if the bus will ba placed in
the Idla statae following tha Wait inducad non-transfaer cyclae(s) providaed
tha via interval requiraement is not violatad.
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2. A Bus Interfacae shall not assert Wait on HO or H1l cyclas.

3. A Bus Intaerface shall not assart Wait on a particular cycla (N), if on
the second praevious cycle (N-2) the module did not assert Wait but Wait
was assarted on that cycla. If the Bus Interfaca does assert Wait on
cycle N and Wait was not asserted by any module on cycle N-1, the Bus
Interface shall assert Wait for an aven number of contiguous cycles.

5.3.6.2 Effects of Wait,

Othar than during an Abort sequence, for each cycla that a Wait is
assaerted during a tenure, onae non-transfer cycle (NT cyclae) shall be inserted
into the saquanca immadiately following tha cycle in which Wait is asserted.
Tha insartion of non-transfer cyclaes shall not changaea the saequenca of schad-
uled bus statas. Howevar, if during the NT cycle, the master asserts an Abort
saquence daesignation on thae Cycle Type linas, the sequence shall ba altered to

Abort. During an Abort sequaence, Wait shall not introduce non-transfar
cycles.

5.3.6.2.1 Lina Groups during Non-Transfar Cyclas

During NT cycles produced by Wait, tha signal line valuaes shall be as
spaci fied balow.

5.3.6.2.1.1 Data Line Group during NT Cvcles. Tha value on thae Data lines
shall be ignored except for lina error checking. Only valid symbols shall be
posted on the Data line group.

The Data line group shall not he posted by any module othar than the mod-
ule which would have posted the Data lines had that cycle bean the scheduled
transfar cycle. If a module asserts a valuae on the Data lina group on such an

NT cycle, the value shall be a symbol which is valid for the next scheduled
transfer cyclae. :

5.3.6.2.1.2 ¢Cvcle Tvpe Group during NI Cvcles. The value on the CT linas
shall be ignored except for lina aerror chacking and the occurrence of Abort.
An Abort Cycle Type shall mark tha baginning of an Abort Sequaence. The master
module responsible for posting tha CT lines on the naxt scheduled transfar
cycla shall sourcae a valid symbol on thae CT linaes during tha NT cyclae(s).

5.3.6.2.1.3 AS Group during NT Cvcles. If a module is responsible for post-
ing tha AS lines on tha naext tranafer cycle it shall post a valid symbol on the
AS lines during tha NT cycle(s). A symbol other than NAK shall be ignored dur-
ing non—transfer cyclaes. NAK shall bae posted on cycla N, to signal that an
error associated with cycle N-2 was daetected.

5.3.6.2.1.4 Wajt Lings during NT Cvcles. The rulas for asserting Wait are

spacifiad in "5.3.6.1 Rulas for Asserting Wait.." The aeffacts of assarting

Wait on a non-transfer cycla shall be the same as specifiaed harein for assaert-
ing Wait on a transfaer cycla.
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5.3.6.2.1.5 Bus Reaquest Lines during NT Cvcles. Tha rules for asserting Bus
Requast are specified in "5.3.3.3 Bus Requaest..” Bus Request is completely
independent of Wait.

5.3.7 DATA LINK FACILITIES.

This section spacifies the Data Link facilities which shall be accessibla
over the PlI-bus via thae Bus Interface Maessage daescribed in "5.3.4.4 Bus
Interface Message Sequence.”

5.3.7.1 Data Link Register Address Scpace.

Tha Data Link facilities spaecified herein shall ba contained in tha Data
Link register address space which shall consist of 256 words assigned to con-
sacutive addresses. This register spacae shall be allocated as shouwn in
Tabla 5-34. Accaess to thaesa facilitias over tha bus shall ba allowed only via

the Bus Interface Message with the Headar Word A Access Typa field sat to zaro
(AT=000).

Resarvaed raegisters shall not ba implemented and any attempt to access
them shall cause a 'Resource Not Present' error. For writa operations to
definad raegistars, the state of any bits in the word which correspond to
reserved bits shall be ignored.

5-76

B-110




PI-bus Specification

Table 5-34. Data Link Register Address Space'
ADDRESS REGISTER
255
. LOGICAL SLAVE
. IDENTIFICATION
. REGISTERS
(33 - 255)
33
32
. RESERVED REGISTERS
. (6 - 32)
6
5 VIE PRIORITY REGISTER
4 VIE INTERVAL B REGISTER
3 VIE INTERVAL A REGISTER
2 MODULE CAPABILITIES REGISTER
1 CONTROL REGISTER
] MULTICAST ACKNOWLEDGE REGISTER
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5.3.7.2 Register Protection.

Accass to the Data Link registaers via tha Bus Intaerface Message shall be
limited by writa protection. Either permanent or programmable write pro-
tection shall be provided for each ragister as specified in tha following sec-
tions. Thae current stata of programmable write protact must ba controlled

from tha daevica. On raeset, all programmable protection must ba placed in tha
non-protact statae.

5.3.7.3 Registers,
5.3.7.3.1 Multicast Acknowladgae Raegister ~ Address 0.

The Multicast Acknowledge Ragister shall be a 16 bit register with the
samae format and fiaeld interpraetations as the Single Slave Acknouwlaedge word.
During Multicast saquencas, error information shall be accumulated by the
slave. This information is identical to that required for the single slave
casa. Thae acknowlaedge word which would have been transferred to the mastaer if
the current saquence was a singla slave saequaence, shall be stored in the Mul-
ticast Acknowlaedge Ragister instead of being sent as an AWS, and the Multicast

Acknowladga symbol shall be postaed on tha bus. Error indications shall apply
to the curraent message only.

During multiple slave Bus Intarfaca Message and Block Massage sequences,
a word aequivalent to the Data Acknouwledgae word Tor a singla slave saquenca
shall be formed. The acknowledge information storad in Multicast Acknowledge
raegistar bits <14..7> on tha Headar Acknowledgae cvr .: shall be logically OR'ed
with bits <14..7> of the equivalent singla slavae Data Acknowledgae word and tha
result stored in bits <14..7> of the Multicast Acknowledge register on the
slavae's assigned Data Acknowledga cycla. Bit <15> and bits <6..0> of the
equivalant single slave Data Acknowledge word shall be stored in Multicast
Acknowladge Ragistar bit <15> and bits <6..0> on the slave's assigned Data
Acknowledge cycla. This Raegistar shall be reset at the start of a multi-slava
message in which this module is a participant.

The following requ:remaents shall apply to the Multicast Acknowledgae Rag-
istaer:

Word format: Figure 5-11
Write protact: Parmanant

Stata after rasat: Bit <15>=1, Bits <l14..5>=all zaeros, Bits <4..0>=MID
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Figure 5-11. Multicast Acknowledge Registar Word Format

B ERRORS AWT SLAVE MID

15

14113112111 110) 9| 81 7] 6] 5| 4| 3| 21 1} o

T T T O MSB LSB
<=- 1= ERROR ~=---- >

<-- 0= NQ ERROR----> SLAVE MODULE IDENTIFICATION

ACKNOWLEDGE WORD TYPE
00 (S=1) - MESSAGE COMPLETE
00 (S=0) - MESSAGE SUSPENDED

01 - HEADER COMPLETE, DATA EXPECTED,
(520) 2 RESUME CONTROL WORDS

10 - HEADER COMPLETE, DATA EXPECTED,
($=0) & RESUME CONTROL WORDS

11 - HEADER COMPLETE, DATA EXPECTED,
(S=1) SLAVE NOT SUSPENDABLE

CORRECTABLE LINE ERROR

UNCORRECTABLE LINE ERROR

SEQUENCE ERROR

PROTECT ERROR

COMMAND ERROR

RESQURCE NOT PRESENT ERROR

DEVICE ERROR

DEVICE BUSY 0 - NOT BuUSY
1 - BUSY

HEADER ACKNOWLEDGE: @ - SUSPENDABLE
1 ~ NOT SUSPENDABLE

DATA ACKNOWLEDGE: 0
1

MESSAGE SUSPENDED
MESSAGE COMPLETE
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5.3.7.3.2 Control Raegister - Address 1.

The Control Raegistar shall ba a 2 bit register that shall contain a bit
to initiate Bus Intarfaca resat and a bit to initiata built-in-test.

The following requiremaents shall apply to the Control Raegister:
Word format: Figure 5-12
Write protact: programmable

State aftar resaet: all zeros.

Raserved bits: read as zaeros.

Figure 5-12. Control Raegistaer Word Format

15)1164|13]12j11]10) 9| 8} 7} 6] 5} &4} 3] 2] 1] O

RESERVED (ZEROS)

INITIATE BUILT-IN-TEST
0 = NO INITIATE %x
1 = INITIATE

NO RESET %

US INTERFACE RESET
= RESET

- oW

¥ - Placad in 0 state at complation of raset.
%% - Placad in 0 state at complation of 'built-in-test'.
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5.3.7.3.3 Modulae Capabilitias Registar - Address 2.

The Module Capabilities Register shall be a 3 bit register that shell
spacify the physically implemaented capabilities of the Bus Interface / Davica
Combination.

Tha following requiremaents shall apply to the Modulae Capabilitias regis-
tor:

Word format: Figure 5-13
Write protaect: parmanant
State after raeset: appropriate capabilities code

Resarved bits: read as zeros.

Figure 5-13. Module Capabilities Ragistaer Word Format

1511641312111 ]10] 9| &) 7] 6] 5] 4] 3| 2] 1| O

RESERVED (ZEROS)

FEATURE 0 = SLAVE ONLY
1 = MASTER/SLAVE
CLASS 0 = ED (ERROR DETECT)
1 = £C (ERROR CORRECT)
TYPE 0 = TYPE 16 (16 BIT TRANSFERS)
1 = TYPE 32 (32 OR 16 BIT TRANSFERS)
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5.3.7.3.¢ Vie Intarval A Register - Address 3.

The Vie Interval A Registar shall bae a 16 bit register that shall contain
the unsignad binary Vie Interval A timeout valua exprassad in bus cyclaes. The
valua in this register shall remain unchanged until a new timaeout value is
loaded. Reading this register shall return the laast valuae written. This reg-
ister is not required for Featurae SO0 modulas. Any attempt to access a regis-
ter which is not implaeamented shall cause a 'resourca not present’ error.

Tha following requirements shall apply to the Vie Intarval A Register:

Word format: Figure 5-1¢

Write protect: programmable

State after raeset: all ones

Figure 5-14. Vie Interval A Ragister Word Format

15)14|13|12f11}10) 9| 8} 7| 6] 5| 4| 3| 2] L{ o
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5.3.7.3.5 Vie Intarval B Ragistaer - Address 4.

Tha Vie Interval B Ragister shall be an 8 bit register that shall contain
tha unsignad binary Vie Intarval B timaout value expressad in bus cycles. The
valua in this register shall remain unchanged until a naew timeout valua is
loaded. Reading this register shall raturn tha last value written. This reg-
ister is not required for Feature SO modules. Any attempt to accass a ragis-
ter which in not implamentad shall cause a 'resourca not present' arror.

The following requirements shall apply to the Vie Intarval B Register:

Word format: Figure 5-15

Writa protact: programmabla

State after raset: Bits <15..8>, all zeros; bits<7..0>, all ones

Figure 5-15. Vie Interval B Raegister Word Format

15)14113|12111|10| 9| &| 7| 6| 5| 4 3} 21 1] o

MSB LSB|MsB LSB
RESERVED VIE INTERVAL B VALUE
(ZEROS)
5-83
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5.3.7.3.6 Vie Priority Raegistar - Address 5.

The Vie Priority Register shall be a 12 bit register that shall contain
the current vie priority of this module expraessed in unsignaed binary notation.
The priority range is from zero (lowaest priority), to 4095 (highast priority).
This register is dividad into two fields. Tha module identification field
shall be fixed by the module's hardwired module identification coda (MID) and
cannot ba changad by the Bus Interfaca Massaga. This register is not required
for Feature S0 modules. Any attempt to access a register which is not imple~
mantad shall causa a 'resourca not present' error.

Tha following raequirements shall apply to the Vie Priority register:

Word format: Figura 5-16

Writa protect: Programmable for bits<11..5>; bits<4..0> fixad by MID

State after rasat: Bits<ll..5>, all zaros; bits<4,..0>= MID bits<4..0>

Reserved bits: read as zaros.

Figure 5-16. Vie Priority Raegistar Word Format

15|14|13)12]j11f10{ 9} 8} 7] 6| 5} 4| 3] 2] 1] O

MSB LSB|MSB LSB

MODULE IDENTIFICATION
CODE (HARDWIRED)

LOGICAL PRIORITY CODE

RESERVED (ZEROS)
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5.3.7.3.7 - Rasaerved Ragistaers - Addraessas 6 To 32.

The usa of the Reserved Raegisters shall ba daefined only by future vaer-
sions of this spacification. Until then, these registers shall not ba imple-
mentaed and shall causa a 'Resource Not Praesent’' aerror if an access is
attemptad.

5.3.7.3.8 Logical Slave Identification Ragistaers - Addressaes 33 to 255.

Tha lLogical Slave ldentification Ragisters consist of a set of one bit
ragisters in locations 33 to 255 of the Data Link raeagister addrass spaca. The
addrass of each register is identical to the Slave Identification coda which
the raegister controls. Bit 0 of each Logical Slava ID raegister indicates
whaethar or not a Slave ldentification coda (ID) equivalent to the register
addraess will ba raecognized by tha modula as a valid slava ID. Thae interpraeta-
tion of bit 0 shall bae:

1
0

Bus Interface shall recognize this address as a slave ID.
Bus Interface shall not recognize this address as a slava ID.

The following spacifications shall apply to the Logical Slave Idaentifi-
cation Registers:

Writae protact: programmablae
State after reset: zaQro
Reservad bits (15-1): read as zeros.

This register saet is optional. A subsat of tha Logical Slave ID Ragis-
tars may ba implementaed using either one or a combination of tha two mathods
spacifiad balow:

1. The Logical Slave ID Registers may be implamentaed directly as a set of
ona bit raegistaers in the Bus Interface register space. The slave iden-
tification raegisters shall have consecutively decreasing addresses
starting at address 255. Any numbaer of raegisters may be implemented from
zaero up to the full saet of 223. Tha modula shall not respond to sequences
with Slave ID's corrasponding to raegisters which are not implementad.
Any attempt to access registers that are not implemaented via a Bus Intaer-
face Massage shall cause a 'rasource not present' error.

2. Thae Logical Slave ID ragistaers may be implemantad indirectly using tach-
niquas such as associatively searching for valid slave ID's. In that
casa, thae implemaentation shall spaecify tha number of uniqua Logical Slave
ID's which can bae raecognized (1 to 223) and each of thosa shall be capa-
ble of baing sat by the standard Bus Interfaca Massage to any valuae in
the range 33 to 255, inclusive. The standard Bus Interfaca Message shall
also be capabla of invalidating any previously validatad slave identifi-
cation codae. Any attempt to validate more logical slave ID's than
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allowad by the implamentation shall cause a 'resource not prasent' aerror.

Figure 5-17. Llogical Slave Identification Raegister Word Format

15114113|12]11}107 9} 8] 7| 6} 5] &] 3] 2] 1} O

RESERVED (ZEROS)

(-]
H

DO NOT RECOGNIZE THIS REGISTER ADDRESS
AS A VALID SLAVE ID

[
(1]

RECOGNIZE THIS REGISTER ADDRESS
AS A VALID SLAVE ID

5.3.8 INITIALIZATION.

A resat mechanism shall be providaed to initialize thae Bus Interfacs.
Raeset shall be invoked by the attached davicae or by completion of a Bus Intaer-~
face Message that set bit 0 (when not write protected) of the contrel register
(s@e "5.3.7.3.2 Control Raegister - Address 1."). Tha Bus Interface shall
raspond to resaet by becoming inactive, releasing all bus drivers and initial-
izing Data Link registers to the valuas daefined in "5.3.7 Data Link Facili~
tiaes.." Following register initialization, modules may becoma active on the
bus provided that MID<4..0>//MIP<0> satisfies P(MID<4..0>//MIP<0>) = 1. A
module with incorrect MID parity, that is P(MID<4..0>//MIP<0>) = 0, shall not
assart any PI-bus signal and shall not participate in PI-bus operations. A
potential bus master module shall not initiate a Vie sequence prior to deter-
mining that the bus has bean Idle for a minimum of two bus cycles and shall not
assart Bus Raequaest (BR) prior to datermining that tha current bus master is
oparating at a lowar priority than the potantial bus mastaer’s priority.
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5.3.9 ERROR DETECTION, RECOVERY AND DIAGNOSTICS.

This section describes the detection of and responses to line, sequence
and saemantic aerrors. This section also definas PI-bus diagnostics raquire-
ments.

5.3.9.1 Correctable Line Errors

If the bus symbol error is correctable, then the symbol shall bae func-
tionally interpretaed as the valid symbol with the least coding distance from
the erroneous symbol. During messagae sequences, errors shall be logged in the
Acknowlaedge word by setting the 'Correctable Line Error' bit to ona (refer to
"5.2.3.3.1 Singla Slave Acknowledga."). The davica should be notified of
datectad arrors.

5.3.9.2 Uncorractable Ling Errors

If the bus symbol is uncorrectable, then the symbol shall ba func-
tionally interpretaed according to Table 5-35. Any slava that detects an
uncorrectable line error on tha Data or CT linas shall post NAK on the sacond
cycla after the cyclae to which the error applies. During Vie, any module that
dataects an uncorrectable line error on the Data or CT lines shall post NAK on
the second cycle after tha cyclae to which the error applies. The device
should be notified of lina errors. During messagae saquances, slaves shall log
uncorrectabla Data, Cycle Typa, Acknouwladge Sat, Wait and Bus Requaest line
arrors in the Acknowlaedge word by setting thae 'Uncorrectable Line Error' bit
to ona (refer to "5.2.3.3.1 Singla Slava Acknowledge.").
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Table 5-35. Interpraetation and Response for Uncorrectable Invalid Symbols

SIGNAL LINE GROUP INTERPRETATION AND RESPONSE

Wait If Wait is not allowed: No Wait.

If Wait is allowaed: Wait assartad on first
cycle of detected aerror and No Wait
asserted on remaining contiguous

error cyclas,

Cycle Type Scheduled Cycle Type (per
dafinaed sequences).

Cycla Typa No slave ID match.
(during HO)

Bus Requast No Bus Request asserted.
Acknouledga Set Assume NAK posted.
Acknoulaedgae Sat If not the winnar of via, sat master
(during Viae) priority unknown. Should notify davica.
Data lines If a contaendar, assume that
redundant bits which disagree
(during Vie) ara both assaerted.
If not a contender, set mastar priority
unknouwn.

If not tha winner of vie,
sat master priority unknown.

Data lines For redundant bits which disagrea, no
(during Multi-slave acknoulaedgamaent for corraesponding
acknowladgamant) module.

Data lines No slave ID match.

(during HO)

Data linas Slaves shall, discard header
(during header, words, take no action basaed on headar
axcapt HO) words, sat tha Acknowledge Word AWT field

to 00, set the S field to 1 and become
not salectad after Haadar Acknowledge
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5.3.9.3 Sequence Errors,

Each Bus Interface shall detect any error that causaes a vioclation in the
protocol syntax (sequence definitions). During messaga segquaences, errors
shall ba loggaed in the Acknowlaedge word by setting the 'Saquence Error 'bit to
one (rafar to "™5.2.3.3.1 Singla Slava Acknowlaedgae.™). Thae davica should be
notified of datuctaed errors,

5.3.9.3.1 Cycle Type Sequance Errors.

Every Bus Interfaca shall differentiata each bus cycle as balonging to
ona of the bus states listaed in Table 5-8. Each slave in a sequence shall
datermine if the Cycle Type, as indicated by tha CT linaes, follows a legal
sequenca as definaed under ™5.2 GENERAL REQUIREMENTS.."™ Tha differentiation
of lagal and illegal cycle type sequencas shall be by comparing the set of bus
states that are dafinad as scheduled states for thae current saquence to the
actual sequence of symbols received on the CT lines. Table 5-36 shows the
required response of a slave to racaeived CT symbols (top row) versaes schadulaed

bus states (left column). Daefinitions of tha requirad responsas are given in
Table 5~37.
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Table 5-36. Slave Responsa to Cycle Type Sequaence Daeviations

CYCLE TYPE (CT) LINE SYMBOLS
Schaeduled I v HO H D A S AB
Bus State
I - 1 2 2 2 2 2 2
vo 2 - error|error|aerrorjerror|errorjerror
Vi, v2, V3 error - error{aerrorfaerror|arror|arror|aerror
vzo .. vZ3 error - erroriarror|errorlerrorierror|error
Ho 4 error - arror|error|error|error 5
H1 ..‘H9. HZ error|arror|error - error|error|aerror 5
HAO .. HA4 error|aerror|arrorferroriaerror - error L}
HAZ error|error|error|errorjaerror - error|aerror
D arrorjerror|{errorl/arror - error 3 5
Dz error|error|erroriarror - errorjaerror 5
DAG .. DA4 error|error|arrorjerror|arror - error 5
$0 .. S2 error|error)error}errorjerror|error - 5
ABO .. AB3 error|aerror|error|error|error|error|error ~
5~90
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Table 5-37. Cycle Type Daviation Rasponse Daefinitions

- Procead with normal operation.

error|Respond to Cycle Typae sequence error as defined in
"5.3.9.3.1 Cycle Type Sequence Errorsa"

1 Monitor vie procass (too lata to contand).

2 Ignore CT symbol, expect I cycla

3 Suspend maessage; raefaer to "5.3.5.1 Suspend.."

4 Expact I cycle (End-0f-Tenure). Set mastaer priority = unknown.

5 Abort massaga; refaer to "5.3.5.2 Abort.."

During Vie, a Bus Interface that daetects an illegal CT saquence shall
post NAK on thae AS lines two cycles aftar each occurrencae of tha illagal Cycla
Typa. Modulaes which do not win tha Vie saquancae shall sat mastar priority
unknown as describad in *"5.3.3.1 Vie Sequaenca..”

If a Cycla Typa othar than HO is received as the naxt Cycle Type follow-
ing complation of a messagae saquanca, Vie or Abort; aach module shall assumae

that no HWA has been transmitted and, therafore, thare is no match for that
modula's slave ID.

A Bus Interface that is a Slave in a sequenca and has datactad that the
Cycle Typa symbols have not followad a legal saquance shall post NAK for every
such occurraence. The NAK shall ba posted on the saecond cyclae after tha cycla
that deviated from tha laegal sequence. If the illegal sequence leads to a
candition in which the modulae cannot determine, with certainty, that the mod-~
ule should be a Slava, the Bus Intarface shall not drive any linae, other than

Bus Requaest, when legal and required, until a valid H0O or Idlae cycle is
detacted.

5.3.9.3.2 Acknouwladgae Sat, Wait and Bus Requast Sequance Errors.
Bus Interfacas shall daetect Acknowledga Sat, Wait and Bus Request

sequence aerrors. Rasponsaes to thaesa aerrors shall be as definaed in Tablae 5-38.

Modulaes shall not post NAK on the AS lines in responsa to AS, Wait nor Bus
Requast saquence arrors.
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Tabla 5-38. Sequance Error Rasponse

SIGNAL LINE GROUP SEQUENCE ERROR RESPONSE

Acknoulaedga Sat During via, if not tha winnar
sat mastar priority unknown.

Wait Assume Wait is not asserted.
Bus Requast Assume Bus Requast is not
assaerted.

5.3.9.4 gSamantic Errors.

5.3.9.4.1 Headaer Semantic Errors.

Slave modules shall respond to a reserved Message Type coda in Header
Word A by asserting NAK on tha Acknowlaedge Set linas on thae second cycla fol-
lowing HO0 and bacoming not selaected as slaves on the following cycle. Slavas

may also bacoma not salectad in responsa to specific slave device dafinad con-
ditions.

Each Bus Interface shall detect any error in information transfaer that
has protocol significance. Tabla 5-39 lists and defines tha errors in this
category. In responsa to thesa aerrors, the Bus Interface shall post NAK on
thae AS lines within two cyclas after tha aerror is detected and not lataer than
two cyclaes aftaer the and of the message or partial message. The Bus Interface
shall also log thae error in the Acknowlaedge Word by making the bit named in

Tablae 5~39 a logic 1. The davica should ba notified that an aerror uwas
dataected.
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Table 5-39. Semantic Errors

SEMANTIC ERROR ERROR DEFINITION

Protaect A Writae oparation has been attempted on a
('Protaect Error' bit) writa proteactad Bus Interfacae register.

Command Headaer Word A has been raceived with a
| ('Command Error' bit) resarved coda in tha AT fiaeld.
OR

Headar Word A has been received with a
broadcast slavae ID and a single slave
Massagae Type.

OR
Header Word A has been received and the
mastaer's priority is unknown.
OR
A Tenure Pass Massage Header Word A has been
raeceivad with bits <7..5> assarted or AT not
equal to 000 or F asserted or Header Word B
bits <4..0> are not equal to tha MID in HWA.
OR
A Type 16 module has been selected and the
F bit in HWA is equal to 1.
OR
A Bus Interface Maessage Header Word A
has been received with F assaerted.
OR
A message has beaen received which is not in
agreemant with tha daefinad format for the
slave davice.

Rasourcae not Presaent A raesourcae or capability has been
('Resourca Not addressed that is not implemented.
Present Error' bit)
OR
A Taenure Pass Maessage has salected
a Featura S0 module as the slavea.
OR
A non-existent or reserved Bus Intaerface
register has been addressed.

Devica Module's device has daetected an aerror
('Davica Error’ bit) attempting to perform bus related
oparation during tha current maessage.
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5.3.9.4.2 Header And Data Acknowlaedge Semantic Errors.

A bus master Bus Interface shall report semantic errors in the Headaer

and Data Acknowladge Word to the devica. The semantic errors which shall be
reported are

1. the Acknouwledge Word slava MID does not match the physical slave ID
transmitted in Headar Word A,

2. the Acknowlaedge Word Typa (AWT) and/or Suspend (S) fields of the
Acknowledga Word are not valid for the current Acknowlaedge c¢yclae,

3. a Class ED master modula reacaives an Acknouwladge word with the "Correc-
table Line Error™ bit set to logic 1 and

4. an Acknoulaedgae word which has the "Protect Error" bit set to logic l is
recaeived when tha MSG Typa specifiad in HWA was not Bus Interface
Maessage.

5.3.9.5 Diagnostics,

5.3.9.5.1 On-Lina Tasting.

On-Line testing of thae PI-bus shall ba sccomplished through the Error
Datection and/or Error Correction capability provided by the standard message
saquaences and protocol dafined in praevious sections of this specification.

5.3.9.5.2 O0ff-Linae Tasting.

Each Bus Interface shall be capable of transmitting and receiving arbi-
trary bit patterns on all signal lines of thae bus (D, DC, CT, CTC, AS, W and
BR) in parallal. Multiple clock cycles may ba used to astablish and read each
pattern. Control and coordination of this test shall be through an alternate

path indaependent from the PI-bus under test. Tha mechanism that coordinatas
thae test should:

1. provide the line pattaerns %o the Bus Interface transmitting thae test
pattern,

2. datermine whan the transmit pattern is stablae,

3. read the received pattarns from tha receiving Bus Interface(s) and

4. analyza the pattarns for correctness.

Tha mechanism that controls tha tast should apply pattarns that guarantee
detection of 1) a failed lina stuck at zero or ona and 2) a short batween any
two lines for any path from the signal line latch of the transmitting Bus
Interfaca to tha signal lina latch of tha raceiving Bus Interfaca(s).

The transmitting Bus Interfaca shall bae capable of being placed in the
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off-lina taest mode, accepting pattaerns for transmission and transmitting the
patterns. Oncae established, test patterns shall not ba changed until a changa
is commandad by mechanism that coordinates tha tast.

Tha receiving Bus Interface, when in the off-line test mode, shall be
capabla of baeing commanded to clock in the test pattern from the bus and
transfar that receivaed pattarn to the controlling daevice.
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1 SCOPE

1.1 Scope. This specification establishes the electrical, functional and
performance requirements for the set of signal 1lines that constitute the
Test and Maintenance Bus (TM-Bus).

1.2 Purpose. The purpose of this standard is to establish requirements for
the TM-Bus and facilitate interoperapility of modules which use the TM-Bus.

1.3 Intended Application. The TM-Bus is intended as a serial path for test
and maintenance control and data information.

2 APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown
form a part of this specification to the extent specified herein. In the
event of conflict between the documents referenced herein and the contents
of this specification, the contents of this specification shall be consid-
ered a superseding requirement.

. VHSIC Phase 2 INTEROPERABILITY STANDARDS ETM~Bus SPECIFICATION, Ver-
sion 3.0 dated November 9, 1986.

] VHSIC Phase 2 INTEROPERABILITY STANDARDS PI-Bus SPECIFICATION, Version
2.1 dated September 25, 1986.

2.2 Non-Government Documents. The following documents of the exact issue
shown form a part of this specification to the extent specified herein. In
the event of conflict between the documents referenced herein and the con-
tents of this specification, the contents of ¢this specification shall be
considered a superseding requirement.

L4 None.

3 DEFINITIONS

The definitions listed here shall apply to the TM-bus and TM-bus modules.
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3.1 Item Definition. The TM-bus is a linear, multi-drop communications
medium which transfers bit serial data between a "MASTER' module and up to
32 'SLAVE' modules residing on a single backplane. TM-bus modules implement
the TM-bus protocol and meet all requirements of this specification.

Figure 1, illustrates the TM-bus and TM-bus modules. Conceptually, each
module consists of a device which performs the application specific function
of the module and a bus interface which implements the TM-bus MASTER-SLAVE
communications protocol.

4
. / TM=Bus SLAVE
4
. / TM-Bus SLAVE
TM-BUS 4 'S
MASTER / . / TM=Bus SLAVE
4
. / TM-Bus SLAVE
4
. / TM-B8us SLAVE
/1

FROM CLOCK SOURCE

Figure 1. Conceptual Model Of Bus And Modules

3.2 Term Definitions.

active bus interface A bus interface that is connected ¢to the
bus, and 1is currently capable of (and not
inhibited from) participating in bus trans-
actions.

assert The action of changing the state of a bus
signal line from released, logic 0, to

asserted, logic 1, or of ensuring that the

2
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asserted

backplane

broadcast

bus MASTER

contend

device

header

linear bus

message

module

module address

multicast

packet

release
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line remains in the asserted state.

The 1logic 1 state of a bus signal line.
The least positive of the two states of a
bus signal line.

A motherboard comprising wiring for the bus
and connectors to the modules attached to
the bus.

A mode of operation where the bus MASTER
transmits data to all SLAVE modules during a
single sequence.

The module in control of the bus.

When a bus SLAVE module(s) is/are actively
vying for the attention of the bus MASTER.

The portion of a module, excluding the bus
interface, which does the application
dependent function of the module.

A sequence identifying a bus command, the
SLAVEs participating in any commanded
sequence and additional information delimit-
ing the scope of the command.

A bus with a single shared medium segment.

A set of sequences starting with a header
and terminating when all bus actions indi-
cated by that header have been performed.

An entity which is addressable via the bus
and has a single bus connection.

A pointer which wuniquely identifies a mod=-
ule.

A mode of operation where the MASTER may
transmit data to more than one SLAVE during
a single sequence.

A unit of data which is 17 bits, a 16 bit
word plus 1 parity bit.

The action of ceasing to assert a logic 1
on a bus signal line. The action of releas-~

ing a signal 1line produces a change in the

3
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state of the signal line only if
is asserting that signal.

released The logic 0 state of a bus signal

no module

line pro-

duced when no module asserts the signal

associated with that line. The

more posi-

tive of the two states of a bus signal line
relative to the 0 VYolt logic reference.

response A set of sequences sent by the SLAVE as a
result of a message being sent by the
MASTER.

sequence An indivisible transaction comprising a

number of transfers performing one intended

function.

SLAVE A module which does not have control of the

bus but which 1is selected by the
participate in a sequence.

MASTER to

sub-~address A pointer to elements within an addressable

module.

transfer A set of elemental operations on the bus

which result in the communicati

on of bit

serial datum units between the current bus

MASTER and the selected SLAVE(s).

A serial

datum unit is 1 bit. See sequence.

word An ordered set of 16 bits operat
unit. The most significant bit

ed on as a
is labeled

bit 16 and the least significant bit is

labeled bit 1.

4 PHYSICAL LAYER

4.1 Introduction. The physical layer of the TM-Bus is specifi

ed herein.

The lines required to implement the TM-Bus are defined, the electrical char-
acteristics of the modules and backplane are specified and timing defi-
nitions are presented. The bus interface facilities which are accessible to

a bus MASTER over the bus are also defined.

4.2 Line Definition. The TM-Bus signal, clock and module identification

lines are defined in this section.
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4.2.1 Nomenclature. Lines shall be designated by name. MWhen a set of
related bits are represented by the same name, the bits within the set shall
be differentiated by number with the 1least significant bit numbered 0. All
fields shall be referred to by their bit position within a data word trans-
ferred over the TM-bus. The nomenclature for single bits shall be the bit
number enclosed in < >. The nomenclature <m..n> shall be the abbreviation
for the set of bits m to n inclusive, where m and n are the most and least
significant bits respectively.

4.2.2 IM-Bus Signal Definition. There shall be four (4) signal types that
make up the TM-Bus as shown in Figure 2 on page 5. All bus signals shall
use negative logic, i.e. the logic '1l' state (or asserted state) is the low-
est voltage level on the bus and the 1logic '0' (or released state) is the
higher voltage level on the bus.

FROM CLOCK SOURCE

CLOCK
TM-BUS < - > SLAVE
MASTER MASTER DATA
)
CONTROL
L
SLAVE DATA
< ® ——
4
/ > TO OTHER SLAVEs

Figure 2. TM-BUS Signals

4.2.2.1 JIM=Bus CLOCK Signal Definition. The TM-Bus CLOCK signal shall be a
single phase clock. The TM-Bus interface shall support the full range of
clock frequencies from zero (0) Hz to 6.25 MHz, All control and data trans-
fer operations shall be synchronized with the TM-Bus CLOCK signal. All data
and commands shall be placed on the TM-Bus on the high to low transition of
the clock and latched-in on the next high to low transition.
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4.2.2.2 TIM~Bus MASTER DATA Signal Definition. The TM-Bus MASTER DATA sig-
nal shall be a single uni-directional 1line used to transmit device
addresses, instruction data, and/or scan data from the MASTER to the
SLAVE(s). The MASTER DATA line is also used in cenjunction with the CONTROL
line to indicate bus states (see Section "5.2.1 TM-Bus States™ on page 13).

4.2.2.3 TIM~-Bys SLAVE DATA Signal Definition. The TM-Bus SLAVE DATA signal
shall be used to transmit acknowledgements, data, and/or interrupts from the
SLAVE(s) to the MASTER. The TM-Bus SLAVE DATA line shall support a wWwired-
OR configuration.

4.2.2.4 JM-Bus CONTROL Signal Definition. The TM-Bus CONTROL signal shall
be a single uni~directional line from the MASTER to the SLAVES(s). When the
CONTROL line is asserted the bus is placed in the DATA TRANSFER state. ihen
CONTROL is released, the bus is in the PAUSE or IDLE state.

4.2.2.5 JIM-Bus Addressing. Each TM~Bus SLAVE is addressed by an eight bit
address field. This address shall be sent in the HEADER packet containing
the five (5) bit module address (bits <16..12>) and the three (3) bit
sub-address (bits <11..9>), (see Figure 9 on page 15).

The five~bit module oaddress field in the HEADER shall be compared to five
Module 1IDentification (MID) inputs to determine if the SLAVE is being
addressed. As a minimum, each SLAVE shall also have a Module Ildentification
Parity (MIP) Jinput that shall be set such that the modulo two sum of the
five MID inputs and the MIP input equals one (1), (Hote: the asserted state
of each input is a logical one). When used in conjunctior wWith the VHSIC
Phase 2 PI-Bus, it is recommended that each TM-Bus SLAVE module have its MID
and MIP inputs hardwired to the backplane of the TM-Bus (see section "4.2.4
Module Identification™ of the PI-Bus Specification, Version 2.1 doted Sep-
tember 25, 1936). If an unrecoverable error occurs on the MID inputs, the
TM-Bus SLAVE shall not execute any commands and shall release the SLAVE DATA
line.

Comparison of the three (3) sub-address bits from the HEADER packet against
Sub~address IDentification (SID) inputs is optional.

Module addresses '0' through '30' have a maximum of eight (3) subaddresses.
Address '31' is limited to three (3) subaddresses ('F3', 'F9', and 'FA' HEX)
due to restrictions of broadcast and multicast commands. See Section "5.2.5
Broadcast Capability” on page 22 and Section "5.2.6 Multicast Capability"™ on
page 22 for details.
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4.3 ELECTRICAL REQUIREMENTS. Electrical characteristics for the TM-bus

backplane and modules shall be as specified herein. These requirements are

the same as in Version 2.1 of the VHASIC Phase 2 PI-Bus Specification dated
9/25/86, Section 4.3 ELECTRICAL REQUIREMENTS".

4.3.1 Backplane Requirements

4.3.1.1 Bus Siagnal Line Characteristic Impedance. TM-Bus signal 1lines
shall have a characteristic impedance of not 1less than 20 ohms and not more
than 50 ohms for all operating and module lcading conditions.

4.3.1.2 Bus Signal tine Termination. Signal 1lines shall be terminated at
each end of the backplane to a circuit which is the Thevenin-equivalent of a
terminating resistor in series wWwith a voltage source of not less than +1.9
Volts nor more than 42.1 Volts. The value of the terminating resistance
shall be between 30 and 40 ohms, inclusive.

4.3.1.3 Bus Signal Line Resistance. The series resistance for backplane
signal lines shall be limited such that the maximum voltage rise from any
asserted module output to the terminating resistance at either end of the
backplane is less than 100 millivolts.

4.3.1.4 Module Identification Line Resistance. The resistance of the
grounded MID and MIP lines with respect to the signal ground shall be less
than 10 ohms.

4.3.1.5 Bus Clock Requirements

4.3.1.5.1 Voltage Levels. The low level voltage for Bus Clock shall be
less than or equal to +0.55 volts. The high 1level voltage for Bus Clock
shall be greater than or equal to +2.4 volts.

4.2.1.5.2 Rise And Fall Time. The rise time (Tr) of the Bus Clock from 0.3
volts to 2.0 volts shall be less than 5 nanoseconds. The fall time (Tf) of
the Bus Clock from 2.0 volts to 0.3 volts shall be less than 5 nanoseconds.

4.3.1.5.3 Duty Cvcle. The ratio of the Bus Clock high state duration to
the bus clorck period measured at 1.5 Volts shall not be 1less than 0.45 nor
greater than 0.55.

4.3.2 Module Requirements

4.3.2.1 Bus Clock Requirements

4.3.2.1.1 DC Requirements

4.3.2.1.1.1 1Input Capacitance. Bus Clock capacitance to logic ground shall
be less than 22 picofarads.

4.3.2.1.1.2 Input Inductance. Bus Clock series inductance from the module
input to the receiver of the signal shall be less than 27 nanchenries.

7
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4.3.2.1.1.3 Bus Clock Current. The maximum current sourced by the module
when the clock input voltage 1is +0.55 volts shall be 1.6 milliamps. The
maximum current into the module when the Bus Clock voltage is +2.4 volts
shall be less than 100 microamps.

$4.3.2.1.1.4 High-level Input Voltage. An Bus Clock input voltage of +2.0
volts or more shall be interpreted as a high level.

4.3.2.1.1.5 Low~level Input Voltage. A Bus Clock input voltage of +0.2
volts or less shall be interpreted as a low level.

4.3.2.1.2 AC Reguirements. Modules shall operate correctly with the Bus
Clock characteristics specified in "4.3.1.5 Bus Clock Requirements."

The maximum Bus Clock frequency for the module shall be specified. The
minimum Bus Clock frequency shall be zero Hertz.

All TM~bus timing shall be referenced to the high-to-low transition of Bus
Clock through a voltage of 1.5 volts.

4.3.2.2 Signal Line Requirements

4.3.2.2.1 DC Requirements

4.3.2.2.1.1 1Input Capacitance. Signal line capacitarce to 1logic ground
shall be less than 22 picofarads.

4.3.2.2.1.2 1Input Inductance. Signal line series inductance from the mod-
ule input to the driver or receiver of the signal shall be less than 27
nanohenries.

4.3.2.2.1.3 Leakage Current. Over the input voltage range of +8.3 volts
to +2.1 volts, the absolute value of the output current for any signal line
which is not being asserted by the module shall be less than 100 microamps.

4.3.2.2.1.4 Low-level Sink Current. The low-level output sink current
(Iol) drive capability for signal lines shall be greater than 95 milliamps
at an output voltage of 1.15 volts.

4.3.2.2.1.5 MHich-level Output Voltage. The high~level output voltage
shall be determined by the backplane signal line termination voltage which
15 +1.9 to +2.1 volts. The signal 1line outputs shall permit wWwired-OR oper-
ations on the bus.

4.3.2.2.1.6 Low-level Qutput Voltage. The low~level output voltage (Vol)
for signal 1lines shall be less than 1.15 volts at an input current of 95
milliamps.
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of +1.6 volts or more shall be interpreted as a logic 0. A

line) shall be interpreted as a logic 0.

+1.45 volts or less shall be interpreted as a logic 1.

4.3.2.2.2 AC _Reguirements

4.3.2.2.2.1 Signal Line_ Inputs. Figure 3 illustrates
relationships specified below.

Version 3.0

4.3.2.2.1.7 High-level Input Voltage. A signal line input voltage (Vih)
signal line
input which is not electrically connected to the backplane (i.e.

4.3.2.2.1.8 Low-level Input Voltage. A signal line input voltage (Vil) of

4.3.2.2.2.1.1 Set-up Time. The maximum time that each input
required to be uniquely above or below the input voltage threshold
logic 0 or logic 1 prior to the high-to-low transition of the clock

time, Ts) shall be specified.

signal is

4.3.2.2.2.1.2 Hold-Time. The maximum time that each input signal
required to be uniquely above or below the input voltage threshold
logic 0 or logic 1 following the high-~to-low transition of the clock
time, Th) shall be specified and shall not exceed the minimum propagation

delay time of the module.

4.3.2.2.2.1.3 Noise Pejection. The input signal lines shall

reject and

the Bus Interface shall not respond to any signal pulse whose width as meas-
ured between 1.5 volts on the low~to-high transition and 1.5 volts

high-to-low transition is less than 4 nanoseconds.

4.3.2.2.2.2 Signal Line Outputs. The following specifications shall apply
when the signal line is connected to the test circuit of Figure 4.

4.3.2.2.2.2.1 Propagation Delay. Propagation delay shall be measured with
respect to the high-to~low ¢transition of Bus Clock as illustrated
Figure 5. The reference clock voltage for timing shall be +1.5 volts.

reference signal voltage for timing shall be +1.5 volts.

The minimum and the maximum propagation delay (Tpdlh) for an output signal
changing from a logic 1 (low voltage) to a logic 0 (high voltage) shall be

specified for each output signal line.

The minimum and the maximum propagation delay (Tpdhl) for an output signal
changing from a logic 0 (high voltage) to a logic 1 (low voltage) shall be

specified for each output signal line.

4.3.2.2.2.2.2 Rise And Fall Time. The rise time (Tr) of an output signal
from +1.2 volts to +1.3 volts shall be less than 9 nanoseconds.

time (T4) of an output signal from +1.8 volts to +1.2 volts
than 9 nanoseconds.

shall be less
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4.3.2.3 MID And MIP Lines. A binary 1 shall be represented by a con-
nection to signal ground and a binary 0 shall be represented by an open cir-
cuit. Modules shall incorporate any circuits they require to sense the MID
and MIP lines. The absolute current into a grounded MID or MIP line shall
be less than 1 milliamp. The maximum voltage that shall exist on an open
MID or MIP line shall not exceed 25 volts.

- e am em e S — 2.4V

CLOCK INPUT - 15y
- 1.
]
I g r 0.55v
[*TsoeTh -l
L | 18
: i gv
DATA INPUT 1.5v Y 1.5/
1.2v

Figure 3. Set-up And Hold Timing
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Figure 5.

Qutput Signal Timing

BUS CLOCK Vi=20+.1v
% Ry_= 15 OHMS
PATTERN MODULE ® SIGNAL OUT
GENERATOR UNDER 1
TEST C,"= 30 pf
I L
*INCLUDES JIG AND PROBE CAPACITANCE
Figure 4. Signal Qutput Test Circuit
—_— e ———24v
BUS CLOCK
]
: 0.55v
!
——: Tpd hi [~

' ———————1.8v
|
SIGNAL OUTPUT :
)

1 1.2v
|
i

- 1.8v
!
SIGNAL OUTPUT !

-— e am em . - 1.2\!
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S DATA LINK LAYER

5.1 Introduction. The Test and Maintenance Bus (TM-Bus) shall be the chan-
nel for control and data information flow between the TM-Bus MASTER (e.g., a
maintenance controller) and SLAVE modules within a system. The module in
control of the TM-Bus shall be referred to as the MASTER and all other mod-
ules on the TM-Bus shall be referred to as SLAVEs. The information trans-
ferred and the scheduling of data and commands are system dependent and are
not addressed in this specification. Figure 6 on page 12 summarizes the
TM-Bus design parameters and characteristics.

o Performance Characteristics © Protocol Characteristics

-~ 6.25 MHz clock (Typical) - & reserved address bits

32 module addresses (maximum)

4 pin bus signals

Synchronous QOperation 3 sub-addresses per module

address

Two Data Lines

Multi-drop Configuration

SLAVE Status Register

Interrupt Capability

Figure 6. TM-Bus Design Parameters and Characteristics

5.2 QOperation. A message transmitted by the MASTER shall consist of a com-
mand HEADER packet, and optional DATA packets. If required, the SLAVE shall
respond by acknowledging the HEADER and/or transmitting any DATA packets
requested. The SLAVE shall only transmit packets when requested to do so
by the MASTER. The SLAVE shall indicate interrupts as specified in Section
"5.2.8 TM=Bus Interrupts™ on page 24. All data shall be transmitted MSB
first.

The following figures and paragraphs describe the operation of the four line
serial TM=-Bus in detail.

12
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5.2.1 7TM-Bus States. Using the Control and Master Data lines, the possible
bus states are shown in Figure 7. Figure 8 on page 14 shows the state dia-
gram for the TM-Bus.

CONTROL MASTER DATA | ° STATE
0 0 IDLE/INTERRUPT (End of Message (EQM))
0 1 PAUSE/INTERRUPT
1 0 DATA TRANSFER/HEADER/CONTEND
1 1 DATA TRANSFER/HEADER/CONTEND

Figure 7. TM-BUS STATES

The IDLE state indicates that data shall not be transferred over the bus but
interrupts from the SLAVEs are allowed over the SLAVE data line. The PAUSE
state shall be wused between packets during a message transfer to allow
SLAVEs to interrupt the MASTER. The DATA TRANSFER state is entered from the
HEADER or PAUSE state in the absence of a CONTEND command and indicates that
data shall be transferred over the MASTER data line, the SLAVE data line, or
both. The CONTEND sequence is entered from the HEADER or PAUSE state when
the CONTEND command is issued.

Packets in a transmission may be separated by a variable number of PAUSE
states (typically from 0 to 5, system requirements may dictate a higher num-
ber). The end of a message shall be signified by a return to the IDLE
state.

13
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. \MASTER DATA=D

CONTROL=0

_ Jf CONTEND
PP{SEQUENCE
S§4

MASTER DATA=0

CONTROL=0
MASTER DATA=1

CONTROL=)
MASTER DATA=1

CONTROL=0
MASTER DATA=t

Figure 8. TM-Bus State Diagram
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5.2.2 Message/Response Packet Descriptions. All messages sent by the MAS-
TER shall consist of a HEADER and DATA packet(s). Responses (from the

SLAVE) shall consist of an optional ACKNOWLEDGE packet and/or DATA
packet(s). To allow flexibility, the number of DATA packets contained in
a response 15 determined by user definable commands.

5.2.2.]1 DATA_ PACKETS. The DATA packet contains sixteen (16) data bits

(bits <16..1>) and one packet parity bit (bit <0>). The contents and format
of the data bits are not specified. Data shall be sent MSB (bit 16) first.

5.2.2.2 Packet Parity. Bit 0 of each packet shall contain one packet pari-
ty bit. The parity shall be odd parity such that the modulo 2 sum of a data
packet (bits <16..0>) = 1, The parity bit shall be transmitted last as the
LSB.

5.2.2.3 HEADER Packets. Figure 9 shows the <format for the HEADER packet
which includes the SLAVE address and command fields. The SLAVE address
field is eight (8) bits in length (bits <16..9>). The SLAVE command field
is seven (7) bits in length (bits <8..2>). The ACKNOWLEDGE REQUEST field is
one bit in length (Bit <1>).

MSB LSB
(16> €9y (8) (2> (@9 0)
8) (7) ($9) (@9
SLAVE ADDRESS
(5) 3 ACK
MODULE sus COMMAND FIELD REQ PARITY
ADDRESS ADDRESS BIT BIT

Figure 9. HEADER PACKET

The standard commands are defined in Section ™5.3 Command Definitions"™ on
page 27. 1If the ACKNOWLEDGE REQUEST bit (bit <1> of the HEADER) is
asserted, the SLAVE shall respond with an ACKNOWLEDGE packet. B8it 0 is the
packet parity bit.

15
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5.2.2.4 ACKNOWLEDGE Packets. Figure 1

SLAVE address field is eight (8) bits

ACKNOWLEDGE packet Wwhich includes the SLAVE address and status fields.

Version 2.0

0 on page 16 shows the format for the
The
in length (bits <16..9>) and contains

the address of the responding SLAVE. The status field is also eight (8)
bits i1n length (bits <8..1>) and contains the data residing 1n the SLAVE
. Status Register. Bit 0 is the parity bit.
MsB LSB
(16) (9 3 1 «»
8) (3 PR
SLAVE ADDRESS SLAVE STATUS REGISTER PARITY
(MODULE AND SUB- CONTENTS BIT
ADDRESS)
Figure 10. ACKNOWLEDGE PACKET

5.2.3 Messaqge Protocol.
shall be as shown in Figure 11.

mission by first asserting the CONTROL
IDLE state to the DATA TRANSFER state,
packet; the MASTER shall assert
packet transmission.
both the CONTROL and MASTER DATA lines
state. The MASTER shall move the bus

releasing the CONTROL line while
message is longer than one packet,
during each additional
mitted between packets
shall be determined by

the

within a2 single

16

A message transmission from
The MASTER

the CONTROL line
At the end of a transmission,

packet transmission.

the MASTER to a SLAVE
shall begin a message trans-
which moves the bus from the
then transmitting the HEADER
for the duration of the
the MASTER shall release
which returns the bus to the IDLE

line,
and

to the PAUSE state between packets by
asserting the

MASTER DATA line. 1f the
MASTER shall assert the CONTROL line
Optional PAUSE states are per-
message. The number of PAUSE states

system requirements.
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(A)
MASTER
DATA IDLE HEADER IDLE/EOM
CONTROL

(8)
MASTER
DATA IDLE HEADER DATA IDLE/ECOM
CONTROL

c
MASTER
DATA IDLE HEADER PAUSE DATA IDLE/EOM
CONTROL

NOTE: The logic state is represented not the voltage level.
Figure 11. MESSAGE PROTOCOL

5.2.4 Response Protocol. All states on the SLAVE DATA line including
PAUSE, IDLE, and packet transmissions, shall be synchronous to the MASTER
DATA and CONTROL lines with a two clock cycle delay as shown in Figure 12 on
page 138. This delay is required so that the SLAVE can receive and react to
state transitions on the MASTER DATA and CONTROL lines. Following receipt
of a HEADER packet, the addressed SLAVE shall begin packet transmissions on
the SLAVE DATA 1line as soon as the CONTROL line is asserted (with the two
cycle delay), as shown in Figure 13 on page 19 and Figure 14 on page 20. A
flow diagram of the SLAVE response is shown in Figure 15 on page 21.

If the ACKNOWLEDGE bit is asserted in the HEADER, the addressed SLAVE shall
respond with an ACKNOWLEDGE packet during the next packet transmission peri-

17
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od. After the optional ACKNOWLEDGE packet, the addressed SLAVE shall trans-
mit any DATA packets required by the decoded command, as shown in Figure 14
on page 20. The SLAVEs shall not respond with an acknowledge during broad-
cast or multicast operations.

If the message to the SLAVE contains DATA packets as shown in Figure 14 and
the acknowledge bit is asserted, then the SLAVE shall respond by sending an
ACKNOWLEDGE packet during the next period that data may be sent over the
SLAVE DATA 1line. After the optional ACKNOWLEDGE packet, the SLAVE shall
transmit any DATA packets required by the command.

As shown in Figure 14 on page 20 data transfer may occur simultaneously on
the MASTER DATA line and the SLAVE DATA line. This simultaneous transfer is
dependent on the command received by the SLAVE. None of the standard com-
mands shall require simultaneous transmissions.

Interrupt Handling protocol is described in Section "5.2.8 TM-Bus
Interrupts™ on page 24.

ok JLITLIL LT, TLLTLILL

CONTROL .o .o
DATA TRANSFER EOM

PAUSE - (optional)

MASTER HEADER EOM

DATA oo PN

SLAVE ‘o

DATA <—-—-—>| RESPONSE EOM

v s PR

2 cycle delay

NOTE: The leogic state is represented not the voltage level,

Figure 12. DATA TRANSFER TIMING

18




TM-bus Specification

Version 3.0

MASTER
DATA HEADER
SLAVE
DATA ACKNOWLEDGE
CONTROL -—J
-0R~
MASTER
DATA HEADER
SLAVE
DATA ACKNOWLEDGE DATA
CONTROL -—J
= DON'T CARE
NOTE: The logic state is represented not the voltage level.
Figure 13. SLAVE RESPONSE PROTOCOL (A)
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MASTER

DATA HEADER DATA 1 ceeae DATA N

SLAVE

DATA DATA 1 ceees DATA N

CONTROL

—— e—————————————
~0OR-

MASTER

DATA HEADER DATA 1 | ..... DATA N

SLAVE -—
DATA ACKNOWLEDGE DATA 1 | ..... DATA N
CONTROL _J

= DON'T CARE
NOTE: The logic state is represented not the voltage level.
Figure 14, SLAVE RESPONSE PROTOCOL (B)
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5.2.5 Broadcast Capability. The MASTER shall have the capability to broad-
cast to all SLAVEs by setting the SLAVE address field equal to ('FB' HEX).
All SLAVEs shall recognize this address in addition to their normal module
address and/or sub-address. SLAVEs shall indicate correct receipt of a
broadcast command (HEADER packet) by asserting the Broadcast/Multicast
Received bit in the SLAVE status register. The Broadcast/Multicast Received
bit shall be released if the broadcast command was not received correctly or
the SLAVE was busy during a broadcast operation, such that it could not exe-
cute the TM-Bus command. See sections "5.3.1 Reset SLAVE™ on page 27,
"5.3.3 Read Status Register™ on page 27, and "5.6 TM-Bus Error Handling™ on
page 30 for further discussions of the broadcast/multicast received bit.
Note that a SLAVE shall have the capability to execute the standard commands

I regardless of their busy state. A SLAVE shall assert the SLAVE Busy or the
Bus Error bit in the SLAVE Status Register if a broadcast command is not
received properly. SLAVEs shall not transmit any response packets over the
SLAVE DATA line in response to broadcast operations except during CONTEND
commands. SLAVEs may issue interrupts during a broadcast operation (see
section "5.2.3 TM-Bus Interrupts™ on page 24).

5.2.6 Multicast Capability. The MASTER shall have the capability to multi~
cast to any number of SLAVEs. Each SLAVE shall belong to one of four multi-
cast groups (00, 01, 10, 11), as indicated by the multicast select bits in
the SLAVE Status Register (see Figure 16 on page 23). MWhen a SLAVE receives
3 Reset SLAVE command, it shall set its group to '00'. A SLAVE shall change
its group in response to each Multicast Select Command or Reset SLAVE com-
mand which it receives. '

SLAVEs shall recognize four addresses as valid multicast addresses; ('FC’
Hex), ('FD' HEX), ('FE' HEX) and ('FF' HEX) which shall be used for multi-
cast groups '00', '01°', '10°', and °*l1l' respectively. A SLAVE shall indicate
correct receipt of a multicast command (HEADER packet) by asserting the
Broadcast/Multicast Received bit in the SLAVE status register. The SLAVE
shall release the Broadcast/Multicast Received bit if the multicast command
was not received correctly or the SLAVE was busy during a multicast opera-
tion, such that it could not execute the TM-Bus command. See sections
"5.3.1 Reset SLAVE™ on page 27, "5.3.3 Read Status Register™ on page 27, and
"5.6 TM-Bus Error Handling™ on page 30 for further discussions of the broad-
cast/multicast received bit. A SLAVE shall have the capability to execute
the standard commands regardless of its busy state. A SLAVE shall assert
the SLAVE Busy or the Bus Error bit in the SLAVE Status Register if it does
not receive a multicast command properly. SLAVEs shall not transmit any
packets over the SLAVE DATA line in response to multicast operations, except
during Contend commands. See section "5.3 Command Definitions™ on page 27
for details of Multicast Select commands. SLAVEs may issue interrupts dur-
ing @ multicast operation (see section "5.2.3 TM-Bus Interrupts”™ on page
26).
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Each SLAVE shall have a SLAVE Status

ter shall
status in response
(release) the Bus Error,
bits (resetting the
the Bus Error,

be considered

Register, described in Figure 16 on page 23.

active when asserted.
to a Read Status
Broadcast/Multicast
Reserved bit s
Broadcast Received,
contend sequence (resetting the Reserved bit is optional).

All bits
After
Register command,

in the status regis-
returning the SLAVE
a SLAVE shall reset
Keceived, and Event QOccurrence
The SLAVE shall reset
Occurrence bits when it wins a

opticnal).
and Event

' Bit Name Meaning When Active

8(MSB)| Reserved Available for user defined status.
May be used for address extension.

7 SLAVE Busy Indicates that the application side
of the TM-Bus interface is busy.

6 Event Occurrence Indicates that an error condition T
or other predefined condition
exists.

5 Broadcast/ Indicates that the last Broadcast/

Multicast Received Multicast command was properly
received,

4 Bus Error Indicates that a parity error
or an illegal command has been
detected by the SLAVE.

3 Multicast Select Indicates SLAVE multicast select

Bit 1 Mode.
2 Multicast Select Indicates SLAVE multicast select
Bit 0 Mode.

1(LSB) ] Interrupt Enabled Indicates whether the SLAVE

may send an interrupt,
Figure 16. SLAVE Status Register

23




TM-bus Specification Version 3.0

$5.2.8 JTM-Bus Interrupts. Any SLAVE may signal an interrupt to the MASTER
by asserting the SLAVE DATA line for one clock period/cycle during the PAUSE
or IDLE states, (when interrupts are enabled) as shown in Figure 17. On
receiving an interrupt, the MASTER may service that interrupt by issuing a
'CONTEND for bus' command, checking the error status bits, and taking appro-
priate action.

The SLAVE shall send an interrupt out over the SLAVE DATA line when the
Event Occurrence or Bus Error bits are asserted. The SLAVE shall consider
the interrupt condition serviced when the SLAVE wins a contend sequence or
the MASTER issues a Read Status Register command to that SLAVE. The SLAVE
shall continue to send ¢the interrupt for one clock period after all subse-
quent contend sequences, that the SLAVE does not win, until the interrupt is
serviced. All interrupts shall be sent only during periods that interrupts
are valid on the bus.

If the SLAVE Busy bit is asserted during data transfers (Bus State $3) after
the optional ACKNOWLEGE packet is transferred, the SLAVE shall send an
interrupt over the bus.

Any SLAVE that is currently addressed shall have the ability to interrupt
during PAUSE states within a message. An active SLAVE's interrupt capabili-
ty shall override the DISABLE INTERRUPT command. The SLAVE shall go back to
the state selected by the last DISABLE or ENABLE INTERRUPT COMMAND following
completion of a bus transaction.

CONTROL
PAUSE IDLE
2 cycle delay
| <=mn>]
SLAVE
DATA | REE Cmm>
2 cycle Interrupt 2 cycle Interrupt
delay Permitted delay Permitted

NOTE: The logic state is represented not the voltage level.

Figqure 17. INTERRUPT TIMING

24




TM-bus Specification Version 3.0

$.2.9 7IM-Bus Contention. When the CONTEND for bus command is issued, any
SLAVEs which meet the interrupt conditions described in Section "5.2.8
TM-Bus Interrupts™ on page 24 (Event Occurrence bit asserted, Bus Error bit
asserted, etc.) and for which interrupts are enabled may contend. During
the transmission of this packet, the SLAVE shall 'listen' to the SLAVE DATA
line and inhibit data transmission if a higher priority address is 'heard'.
The highest SLAVE address shall have the highest priority.

To contend for the bus, a SLAVE sends its ACKNOWLEDGE packet, which includes
the eight-bit SLAVE address. The SLAVE sends one SLAVE-address bit every
two cycles, most significant bit first. After transmitting a bit during the
first of the two cycles, the SLAVE ‘'listens' during the following cycle for
a higher address; i.e., if the SLAVE has transmitted a '0', it listens for a
1. 1f the higher address is not 'heard’, then a SLAVE shall continue to
alternately transmit and 'listen®' until the entire 16 bit SLAVE ACKNOWLEDGE
packet has been placed on the bus (in 22 clock cycles) and one bit of parity
in the 33rd cycle, or until a higher address is 'heard' on the bus (as shown
in Figure 13). After 33 cycles, the highest priority SLAVE that was con-
tending has transmitted its ACKNOWLEDGE packet to the MASTER and the bus
returns to the IDLE state.
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CONTROL

MASTER HEADER

DATA (CONTEND CMD)

SLAVE

DATA SLAVE CONTEND (33 clocks)

v
cwoex 4 LU LTLTLLTL

CONTROL l

SLAVE

DATA BIT 16| BIT 15| BIT 14

TRANSMIT ——d e . e— LISTEN
NOTE: The legic state is represented not the voltage level.
Figure 13. CONTEND SEQUENCE
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5.3 Command Definitions. The HEADER commands shown in Figure 19 on page
29 are defined below. There shall be 7 bits allowing 127 SLAVE commands.
Commancds 0 through 15 shall be standard or reserved commands and the remain-

I der shall be user-defined commands. The command ('7F' HEX) with the
ACKNOWLEDGE REQUEST bit asserted shall be an illegal command to all SLAVEs.
1f the '7F' command is detected by a SLAVE, with the ACKNOWLEDGE REQUEST bit
asserted, then the SLAVE shall set the Bus Error bit in the SLAVE status
register. SLAVEs shall execute all the commands defined below regardless of
the state of the BUSY bit in the SLAVE Status Register. The results of the
following commands shall be reflected in the returned ACKNOWLEDGE packet (if
ACKNOWLEDGE has been requested) except for the Read Status command, see Sec-
tion "5.3.3 Read Status Register™ on page 27.

5.3.1 Reset SLAVE. This command shall cause all TM-Bus SLAVEs to come to
an error-free quiescent state and all internal registers, counters and buff-
ers to be brought to a known initial state such that each SLAVE is capable
of receiving and executing commands. In response to a Reset SLAVE command,
a SLAVE shall reset (release) all SLAVE Status Register bits, reset the
SLAVE's multicast select group mode shall be reset to '00', and disable
interrupts.

In response to a broadcast or multicast Reset command, a SLAVE shall set the
Broadcast/Multicast Received bit.

5.3.2 Initialize Module. In response to an Initialize Module command, a
SLAVE shall initialize the application side of the module bringing required
registers to a pre-defined state.

5.3.3 Read Status Register. Upon the raeceipt of a NON-broadcast/multicast
read status command, the SLAVE shall return the ACKNOWLEDGE packet, which
includes the current eight (3) bit SLAVE Status Register contents, and then
reset (release) the Bus Error, Event Occurrence , and Broadcast Received
bits. Resetting the User-Defined bit in the SLAVE Status Register shall be
optional.

If a broadcast/multicast read status command is received, the SLAVE shall
not transmit any response over the SLAVE DATA line. It shall reset the Bus
Error, Event Occurrence, and Broadcast Received bits. Resetting the User
Defined bit in the SLAVE Status Register shall be optional.

5.3.4 CONTEND for Bus. This command shall cause SLAVEs to CONTEND for the
bus as described in Section "5.2.9 TM-Bus Contention™ on page 25.
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\

5.3.5 Enable Interrupt. Upon receiving this command, a SLAVE shall set the
Interrupt Enable bit in the SLAVE Status Register, thereby allowing the
SLAVE to interrupt during IDLE or PAUSE states.

5.3.6 Disable Interrupt. Upon receiving this command, a SLAVE shall reset
(release) the Interrupt Enable bit in the SLAVE Status Register, thereby
preventing the SLAVE +rom interrupting.

5.3.7 Multicast Select 8. Upon receiving this command, 3 SLAVE shall enter
multicast group 0 by resetting the SLAVE Status Register Multicast Select
bits to '00'. This shall enable the SLAVE to respond to command headers
with an address field equal to 'FC' (HEX).

5.3.8 Muylticast Select 1. Upon receiving this command, a SLAVE shall enter
multicast group 1 by setting the SLAVE Status Register Multicast Select bits
to '01'. This shall enable the SLAVE to respond to command headers with an
address field equal to 'FD' (HEX).

56.3.9 Multicast Select 2. Upon receiving this command, a SLAVE shall enter
multicast group 2 by setting the SLAVE Status Register Multicast Select bits
to '10'. This shall enable the SLAVE to respond to command headers with an
address field equal to 'FE' (HEX).

£.3.10 Multicast _Select 3. Upon receiving this command, a SLAVE shall
enter multicast group 3 by setting the SLAVE Status Register Multicast
Select bits to '11°, This shall enable the SLAVE to respond to command
headers with an address field equal to 'FF' (HEX).
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Command Field Command

(MsB) (LsB)
8 2)
0000000 READ STATUS
6000001 INITIALIZE MODULE
0000010 RESET SLAVE
0000011 CONTEND FOR BUS
0000100 MULTICAST SELECT 0
0000101 MULTICAST SELECT 1
g6ocolle MULTICAST SELECT 2
0000111 MULTICAST SELECT 3
0001000 ENABLE INTERRUPT
¢o0l001 DISABLE INTERRUPT
gogololo RESERVED
0001011 RESERVED
0061100 RESERVED
0001101 RESERVED
00011190 RESERVED
0001111 RESERVED

Figure 19. Standard Commands
5.4 JIM-Bus Synchronization/Initialization. The bus shall be initialized

when both the MASTER DATA and CONTROL 1lines are simultaneously released,
forcing the bus into the IDLE state. All SLAVEs on the bus shall then be
capable of transactions over the bus. 1f desired, the command 'Reset SLAVE'

may then be broadcast to bring all bus lines and SLAVEs to an
SLAVE Status Register bits, resets its multicast select mode to
disables SLAVE interrupts.

Broadcast/Multicast Received bit.

5.5 IM-Bus Mastership. The TM-Bus shall have single MASTER

the four signal lines defined in this specification.
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quiescent state. When a SLAVE receives the Reset command, it resets all the

'00*', and

In response to a broadcast or multicast Reset command, a SLAVE shall set the

operations,

This specification shall not preclude the ability for systems to have more
than one MASTER and a method to switch mastership of the bus independent of
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5.6 IM-Bus Error Handling. SLAVE(s) that detect a parity error in a HEADER
packet shall ignore the command, set the Bus Error bit in the SLAVE status
register and signal an interrupt as described in Section "5.2.8 TM-Bus
Interrupts™ on page 24. When a parity error is detected by the addressed
SLAVE while receiving DATA packets, the SLAVE shall set the Bus Error bit
and signal an interrupt.

Stuck-~at-0 bus conditions are detected by the odd packet parity scheme as
described in Section "5.2.2.2 Packet Parity”™ on page 15. Stuck—-at-1 bus
conditions shall be detected as an illegal command as described in Section
"5.3 Command Definitions™ on page 27.

| To insure error-free reception during broadcast or multicast, the read sta-
tus register command should be broadcast or multicast first to clear each
SLAVE's broadcast/multicast received bit. After broadcast or multicast of
data or a command, the broadcast/multicast received bit should be checked by
reading the status register of each SLAVE one at a time.

5.7 IM=-Bus _Testing. On-line testing of the bus is performed as a result of
its normal operation. Off~line or power-up testing may be accomplished
through the wuse of bus exercise routines and bus wrap/hand-shaking tests.
The MASTER shall be able to send bad parity or set any SLAVE's Event Occur-
rence bit and check for proper SLAVE response utilizing user definable com-
mands for test flexibility.
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6 NOTES
Any comments should be submitted to:

J.P. Letellier

Naval Research Lab

Code 5308

Washington, D.C. 2037S
phone (202) 767-2937
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APPENDIX I

10 GLOSSARY

EOM - End of Message

Hz - Hertz

LsB - Least Significant Bit

MHz - Megahertz, 1 million cycles per second
mA - Milliamperes, 1 thousandth of an Ampere
MID - Module ldentification

MIpP - Module ldentification Parity

MS8 - Most Significant Bit

nh - Nanohenry, 1 billionth of a Henry

ns - Nanosecond, 1 billionth of a Second

pF - Picofarad, 1 trillionth of a Farad

TBD - To Be Defined

T - Fall Time

Th - Hold Time

TM-Bus - Test and Maintenance Bus

Tpdhl - Propagation Delay, high-to-louw

Tpdlh - Propagation Delay, low-to-high

Tr - Rise Time

Ts - Set-up Time

uA - micro Amperes, 1 millionth of an Ampere
vih - High=-level Input Voltage

Vil - Low-level Input Voltage

Voi - Low-level Output Voltage
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1 SCoPE

1.1 Scope. This specification establishes the electrical, functional and
performance requirements for the set of signal lines that constitute the
Element Test and Maintenance Bus (ETM-Bus).

1.2 Purpese. The purpose of this standard is to establish requirements for
the ETM-Bus and facilitate interoperability of VLSI chips which use the
ETM=-Bus.

1.3 Intended Application. The ETM~Bus 1is intended as a serial path for
test and maintenance control and data information at the chip level.

2 APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown
form a part of this specification to the extent specified herein. In the
event of conflict between the documents referenced herein and the contents
of this specification, the contents of this specification shall be consid-
ered a superseding requirement.

. VHSIC Phase 2 INTEROPERABILITY STANDARDS TM-Bus SPECIFICATION, Version
3.0 dated November 9, 1987.

. VHSIC Phase 2 ELECTRICAL INTERFACE SPECIFICATION, Version 1.3 dated
March 20, 1986.

2.2 Non-Government Documents. The following documents of the exact issue
shown form a part of this specification to the extent specified herein. In
the event of conflict between the documents referenced herein and the con-
tents of this specification, the contents of this specification shall be
considered a superseding requirement.

e None.

3 DEFINITIONS

The definitions listed here shall apply to the ETM-Bus and the VLSI chips
which interface to it.
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3.1 ltem Definition. The ETM-Bus is a communications media which transfers
bit serial data between a "MASTER' device (CONTROLLER) and up to 32 logical
"SLAVE' elements interfacing to a single ETM-Bus CONTROLLER.

ETM-Bus elements implement the ETM-Bus protocol and meet all requirements of
this specification.

Figure 1 on page 2, illustrates the ETM-Bus and ETM-Bus elements. Conceptu-
ally, each element consists of a device which performs the application spe-
cific function of the chip and a bus interface which implements the ETM=Bus
master-slave communications protocol.

6
. / ETM=-Bus SLAVE 0
[
. / ETM=-Bus SLAVE 1
ETM=Bus é [
MASTER/ / . / ETM~-Bus SLAVE 2
CONTROLLER
6
4 . / ETM-Bus SLAVE 3
/
TM=-BUS .
(3
. / ETM=-Bus SLAVE 31
/1

From Clock Source

Figure 1. Conceptual Model 0f ETM-Bus Elements

3.2 Term Definitions.

assert The action of changing the state of a bus
signal 1line from released, 1logic 0, to
asserted, logic 1, or of ensuring that the
line remains in the asserted state.
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asserted
bus master

element

legic ©

logic 1

message

release

released

sequence

slave

transfer

wired-0Red

Version 3.0

The logic 1 state of a bus signal line.
The device in control of the bus.

A single VLSI integrated circuit which
interfaces to the ETM-Bus.

The least positive of the two bus states for
an active high bus signal line, or the more
positive of the tuo bus states for an active
low bus signal line.

The more positive of the two bus states for
an active high bus signal line, or the least
positive of the two bus states for an active
low bus signal line.

A set of sequences consisting of
instructions or scan data.

The action of ceasing to assert a logic 1 on
a bus signal line. The action of releasing
a signal line produces a change in the state
of the signal line only if no element is
asserting that signal.

The logic 0 state of a bus signal line pro-
duced when no element asserts the signal
associated with that line.

A transaction comprising a number of ordered
transfers performing one intended function.

An element which does not have control of
the bus, and is selected by the master to
participate in a sequence.

A set of elemental operations on the bus
which result in the communication of bit
serial datum wunits between the current bus
master and the selected slave(s). A serial
datum unit is ] bit. See sequence.

A hardwired OR function.
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4 PHYSICAL LAYER

4.1 Introduction. The physical layer of the ETM-Bus 1is specified herein.
The bus signal 1lines required to implement the bus, the electrical charac-
teristics of the bus interfaces,the allowable bus configurations, and timing
definitions are presented.

4.2 Line Definjtion. The ETM-Bus signal and clock 1lines are defined in
this section.

4.2.1 Nomenclature. Lines shall be designated by name. MWhen a set of
related bits are represented by the same name, the bits within the set shall
be differentiated by number with the most significant (MSB) bit numbered 0.
All fields shall be referred to by their bit position within a data word
transferred over the ETM=Bus. All ETM-Bus signals are defined in the fol-
lowing paragraphs. A "-" symbol associated with a signal means that the sig-
nal is active low.

4.2.2 ETM=-Bus Signal Definition. There shall be a minimum of six (6) sig-
nal types that make up the ETM-Bus as shown in Figure 2 on page 5. Addi-
tional 1lines, to accommeodate enhanced application requirements, are not
precluded. SELECT and INTERRUPT are negative logic and all other signals
shall use positive logic.
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FROM CLOCK SOURCE

REFERENCE cLocK
< . >
DATAIN
ETM~-Bus > ETM-Bus
4 CONTROLLER DATAOUT SLAVE
/ D <
TM=-BUS SELECT
>
INTERRUPT
<
MODE
>

Figure 2. ETM-Bus Signal Types

4.2.2.1 ETM-Bus CLOCK Signal Definition. All data transfer operation$
shall be synchronous with the REFERENCE CLOCK (REF CLK) signal. All bus
activity shall be relative to the high~to-low transition of the REFERENCE
CLOCK. All data transfers shall occur as shown in Figure 4 on page 7. The
CLOCK signal shall be single phase. The ETM-Bus interface should support
the full range of clock frequencies from zero (0) to 6.25 MHz.

4.2.2.2 ETM-Bus DATAIN Signal Definition. The ETM-Bus DATAIN signal shall

be a3 single unidirectional line into the SLAVE. Instruction data and scan
data shall be transmitted to the SLAVEs over the DATAIN line. In the ring
configuration, shown in Figure 5 on page 8, the DATAIN signal shall be
soyrced from either the CONTROLLER or another SLAVE. 1In the star configura-
tion, shown in Figure 6 on page 9, the DATAIN signal shall be sourced from
the CONTROLLER.

4.2.2.3 ETM-Bus DATAOUT Signal Definition. The ETM-B8us DATAQUT signal
shall be a single unidirectional line from a SLAVE. 1In the star configura-
tion, the DATAQUT signal shall be transmitted from the SLAVE to the CONTROL-
LER. In the ring configuration, the DATAOUT signal shall be transmitted
from the SLAVE to either the CONTROLLER or the DATAIN pin of another SLAVE.

s




ETM=-bus Specification Version 3.0

The DATAOUT 1line shall support three-state operation. The DATAOUT signal
shall be in the high-impedance state when inactive (e.g., not in a logic 1
or 0 state).

4.2.2.4 EIM-Bus SELECT Line Signal Definition. The SELECT signal line
(~SEL) shall be unidirectional from the CONTROLLER to the SLAVEs. The SELECT
signal line defines when data transfer operations shall occur. SELECT shall
be asserted (low) one cycle before instruction or scan data is serially
transferred across the DATA lines. SELECT shall be released one cycle
before the end of a data transfer,

In a ring bus structure, where all SLAVEs share a common SELECT, all SLAVEs
are selected simultaneously, (see Figure 5 on page 8). 1In a star bus struc~
ture, all SLAVEs shall have a separate SELECT line (see Figure 6 on page 9).

4.2.2.5 ETM-Bus INTERRUPT Signal Definition. INTERRUPT (~INT) shall be
unidirectional from the SLAVEs to the CONTROLLER. The INTERRUPT line shall
be asserted (low) to indicate that an event (such as an error or other pre-~
determined condition) has occurred. The INTERRUPT 1line shall remain
asserted until the interrupt is serviced. The INTERRUPT line shall support
3 wired-OR configuration. The INTERRUPT line may operate asynchronously.

4.2.2.6 ETM-Bus MODE Signal Definition. The ETM-Bus MODE signal shall be
unidirectional from the CONTROLLER to the SLAVE. MODE shall be used to

establish the type of operation that is performed when SELECT is being
asserted (see Figure 3 on page 6).

MODE OPERATION
0 INSTRUCTION/STATUS
1 SCAN

Figure 3. ETM-Bus MODE Line Definition

MODE shall be valid one cycle before instruction or scan data is serially
transferred across the DATA lines and remain stable for the length of the
transfer. The MODE line shall stay valid as long as SELECT is asserted (see
Figure 4 on page 7).

The use of the ETM~Bus shall be defined by the level of the SELECT line and
the MODE line. Two types of data transfer operations can take place on the

ETM-Bus as specified in Figure 3 on page 6. Data transfers shall end by no

é
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more than 2ne (1) clock cycle after the SELECT line is released (high).

4.3 ETM-Bus Timing Relationships. All ETM-Bus signals shall be referenced
to the falling edge of the REFERENCE clock (see Section "4.5 ELECTRICAL
REQUIREMENTS™ on page 10 for details). Figure 4 on page 7 depicts the tim-
ing relationship of the ETM-Bus signals.

oy R e I ey N m e EN B

SEL X X
X e ss  em—X
MODE XXXXXXX oo e XXX XX XA XXX XX XXXXX
Lsh MSB
(first bit in)
DATA PO P95 9093 99896499 5 ¢ PRSP Y § SIS IR— ' '} §'4
IN
LSB MSB

(first bit out)
DATA P 0.9 0.0.9.0.6.9.6 665988 96 ¢ S ) D P & 4. ¢ ¢
ouT

Figure 4. ETM-Bus Timing Diagram
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4.4 ETM-Bus Configurations. The allowable ETM-Bus signal configurations
are specified in this section.

4.4.1 ETM-Bus Ring Bus Configquration. The ETM-Bus shall be capable of sup-
porting the ring bus structure shoun in Figure 5 on page 8. The SELECT line

shall be connected to all SLAVEs within the loop and all chips are enabled
together for instruction/status and data/scan operations.

SLAVE 0 SLAVE 1 cees SLAVE 31

DATAIN —_— ceen
CLOCK 01—q 4 1= s e t—
MODE o— - ® d S —
SELECT . o— B ——
INTERRUPT . . e | ——
DATAQUT

Figure $. ETM-Bus Ring Bus Structure
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4$.4.2 ETM-Bus Star Bus Confiquration. The ETM-Bus shall be capable of sup-
porting the star bus structure shown in Figure 6 on page 9 which uses multi-
ple SELECT 1lines. The SELECT lines may be used to select single SLAVEs
independently for instruction/status and data/scan operations, or multiple
SLAVEs may be selected for instruction/status operations. The use of multi-
ple INTERRUPT and/or DATAOUT lines in the star bus. structure are not pre-

cluded.

SLAVE 0 SLAVE 1 ceee SLAVE 31
DATAIN SRS P U AN O RPN PN A DN N R
DATAQUT __.__.__..__.__..__.J__. -
CLOCK ——————————— el ey ey L 4 J—J—- PP ———
MODE o e ... e—
INTERRUPT *— e e ——
SELECT (0)
SELECT (1>
SELECT (31) oo

Figure 6. ETM-Bus Star Bus Structure
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4.5 ELECTRICAL REQUIREMENTS

Electrical requirements defining the device output signals, the device input
signals, and the ETM-Bus clock shall be specified herein.

4.5.1 DC Requirements for Device and Bus Interface

DC requirements for device and bus interface shall be as specified in Ver-
sion 1.3 of the VHSIC Phase 2 Electrical Interface Specification, dated
March 20, 1986. Refer to Section "4.2 DC Electrical Limits for Inputs and
Outputs™ on page 4-1.

4.5.2 AC_Requirements for Device and Bus Interface

4.5.2.1 Retference Voltace. The reference signal voltage (Vref) for timing
shall be +1.5 volts. The reference clock voltage for timing shall be +1.5
volts.

4.5.2.2 Clock and Signal Inputs to Devices

4.5.2.2.1 Set-up Time. The minimum time that each input signal shall be
uniquely above or below the reference signal veoltage prior to the
high-to-low transition of the REFERENCE CLOCK (set-up time, Ts) is 15 ns.
See Figure 7 on page 11.

4.5.2.2.2 Hold-Timg. The minimum time that each input signal shall be
uniquely above or below the reference signal voltage following the
high-to-low transition of the REFERENCE CLOCK (hold time, Th) 15 15 ns. See
Figure 7 on page 11.

4.5.2.2.3 Configuration Dependent Parameters

4.5.2.2.3.1 Propagation Delay. The propagation delay time (Tp) shall be
measured from the high-to-low transition of the REFERENCE CLOCK voltage to
the reference signal voltage of the designated element output signal as
shown in Figure 8 on page 11.

The minimum propagation delay for the element output signal, DATAOUT, shall
be specified.

The maximum propagation delay for the element output signal, DATAOUT, shall
be specified.

4.5.2.2.3.2 Bus Settling Time. The bus settling time (Tbs) shall be speci-
fied, see Figure 9 on page 12.

4.5.2.2.3.3 Clock Skew. The maximum clock skew (Tcs) between elements on
the ETM-Bus shall be specified, see Figure 9 on page 1l2.
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4.5.2.2.3.4 Reference Clock. The reference clock cycle time (Tclk) shall
be specified, see Figure 9 on page 12, (e.g., 6.25 Mhz/160 ns),

VIH
REF CLK ‘ Vref
4—1S—p-
VIL
g—LH—p
VIH
Element Input : Vref
VIL
Figure 7. Set-Up and Hold Time
VIH
Vret
REF CLK
VIL
<4—Lln—p
VOH
Element Output : Vret
VOL
Figure &. Propagation Delay
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Tclk(min) > Tp(max) + Tbsi(max) + Ts + Tcsimax)

Tp{min). + Tbs(min) > Tecs(max) + Th

SENDER ELEMENT RECEIVER ELEMENT
OUTPUT < Tbs >] INPUT
DEVICE DEVICE

ETM-Bus signal line (Ts dev)
>4 (Th dev)
Tp
<—J
< Tcs >
LOGIC

REFERENCE CLOCK SOURCE
(Telk)

Figure 9. ETM-Bus Interface Parameters

4.5.3 B8us Clock Requirements

4.5.3.1 Rise and Fall Time. The rise time (Tr) and fall time (Tf) of the
REFERENCE CLOCK shall be the transition time from the voltage change of VIH
to VOL. Both Tr and Tf shall be less than or equal to 4 ns.

4.5.3.2 Duty Cvcle. For single clock implementations, the ratio of the
REFERENCE CLOCK high state duration to the REFERENCE (! OCK period measured
at the reference clock voltage shall not be less than 0.45 nor greater than
0.55.

12
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5 DATA LINK LAYER

5.1 Introduction. The Element Test and Maintenance Bus (ETM-Bus) shall be
a channel for control and data information flow between a module maintenance
controller and the individual elements (e.g. VHSIC Phase 2 chips) within the
module. The module maintenance controller may be implemented as a Test and
Maintenance Bus (TM-Bus) SLAVE as described in the TM-Bus specification.
The module maintenance controller shall be referred to as the CONTROLLER and
all other elements on the ETM-Bus shall be referred to as SLAVEs. The
information transferred and the scheduling of data and instructions is sys—
tem dependent and is not addressed in this specification. Figure 10 on page
13 summarizes the ETM-Bus design parameters and characteristics.

o Performance Ctraracteristics o Protocol Characteristics
- 6.25 MHz clock (Typical) - Each ETM-Bus logically supports
- Unidirectional data lines up to 32 SLAVE devices
. - Minimum of 6 pin bus - Supports ring or star
signals confiqurations
- TTL compatible - Interrupt Capability

Figure 10. ETM-Bus Design Parameters and Characteristics

This section details the protocol requirements for all elements attached to
the ETM-Bus.

5.2 0Operation. The element interface to the ETM-Bus shall appear to the
CONTROLLER as a shift register when the CONTROLLER selects the element for
operation. All data shall be transmitted to and from the CONTROLLER LSB
first.

Figure 11 on page 14 shows a conceptual diagram of the element interface to
the ETM-Bus. MWhen the CONTROLLER selects the element for instruction/status
operation, the element configures the instruction/status register as a shift
register, shifting in a new instruction from the CONTROLLER as it shifts out
the contents of a selected register (Status Register, Register A, Register
B, etc.) to the CONTROLLER. When the CONTROLLER selects the element for
data scan operations, the element shifts out the contents of either a
selected scan path (see Section "5.2.4.2 Addressing of Scan Paths™ on page
17) or the Bypass Bit (see Section ™5.2.4.3 Bypass Bit with Ring Bus Imple-
mentation™ on page 17). MWhen the element is deselected, the ETM-Bus inter-
face controls the element testability features by executing the instruction
previously-received from the CONTROLLER. The interface contrel and decode
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logic is used to decode instructions and to store control information that
must remain stable as new instructions are shifted into the interface. The
control information is used to select the parallel input to the
instruction/status register, to determine the output for the ETM-Bus signal
DATAOUT, and to control element testability features.

” AEQN
... g REGS
. REGA
L STATUS REG
RN
MUX
=l >
3
A A
OATAIN
INSTRUCTION/STATUS
=11 :
Choak > ;
¥ 3 z
SELECT €
MOOE CONTROL
INTERRUPT - AND DECODE
CLOCK(S) Loac > & CONTROL
r L4
8YPASS
BIT
Y v
-
DATAOUT s
ETM-Bus Interface Element
Figure 11. Conceptual View of Element Interface to ETM=-Bus

5.2.1 ETM-Bus States. All valid operations en the ETM-Bus shall be either
instruction/status or scan operations as determined by the MODE signal line
(see Section "4.2.2.6 ETM-Bus MODE Signal Definition” on page 6). Figure 12
on page 15 depicts the protocel and state transition sequences of the
ETM-Bus. It is required that there be a minimum of one IDLE state between
SCAN operations and a minimum of two IDLE states between instruction oper-
ations. Interrupts from SLAVEs are allowed over the INTERRUPT signal line
during any bus state.

For every bit transferred into a SLAVE on DATAIN, a bit shall be transferred
out of a SLAVE on DATAOUT. The CONTROLLER shall begin a transfer by assert-
ing the SELECT line, with the MODE line valid, on the cycle prior to a data

14
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transfer. The CONTROLLER shall signal the end of an operation
SELECT on the cycle prior to the end of the data transfer.
stay released at least two cycles between SCAN operations and at
cycles between instruction operations.

The PRE-SCAN (S1) and PRE-INSTRUCTION (S2) states allow th
receive an indication of a bus state change before actual tra
data begins. The POST-SCAN (S5) and POST-INSTRUCTION (S6) state
to the transfer of <the last bit of data as the SLAVE receives
of the change in the bus state.

Version 3.0

by releasing
SELECT shall
least three

e SLAVEs

nsmission of
s correspond
notification

From S5 or Sé
! QU
IDLE SELECT=1
SO
SELECT=0 ‘ SELECT=0
MODE=1 I l MODE=0
V. ‘ v ‘
PRE SCAN PRE INSTR
s1 s2
____.___oj l<________.
V. v
SELECT=0 SCAN INSTR SELECT=0
MODE=1 3 s4 MODE=0
SELECT=1
—V ‘ V.
POST SCAN POSTINSTR
sS Sé6
T0 SO TO S0
< >
Figure 12. ETM-Bus Protocol State Diagram
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§.2.2 SLAVE Device ldentification. 1In a ring structure, the SLAVE ID shall
be determined by the element's position in the ring. In a star structure,
the SLAVE 1ID shall be determined by the connections of the CONTROLLER SELECT
lines.

The CONTROLLER shall ensure that SLAVEs receive valid data during a transfer
oparation.

$.2.3 ETM-Bus Instruction/Status Protocol

5.2.3.1 Introduction. An instruction/status protocol sequence shall be
used to send an instruction to a SLAVE and to receive SLAVE status or scan
data. MWhen the MODE Signal line is a logic 0, the selected SLAVE(sS) shall
appear as a serial shift register. When SELECT is asserted and MODE is a
logic O, the contents of the virtual instruction/status register are
shifted. Data is input to the register from the SLAVE's DATAIN signal line
and output from the register to the ETM-Bus DATAOUT signal line. All SLAVEs
shall have the ability to perform this shift operation during functional
(on=1ine) chip operation without affecting chip operation.

The contents of the virtual instruction/status register may contain the cur-~
rent element status information at the time of the shift operation. If the
interface supports this read status operation, the status information can be
shifted around the loop and read by the CONTROLLER.

5.2.3.2 1Instruction Execution. When ¢the SLAVE(s) is deselected (when
SELECT is released), the SLAVE shall execute the current instruction in the
instruction/status register within three (3) clock cycles.

A parity check shall be performed on the instruction before execution. 1If
an error is detected, the instruction shall not be executed and an interrupt
shall be sent to the CONTROLLER as described in Section "5.2.7 Interrupts”
on page 17.

The instruction/status protocol shall not interfere with the normal function
of the SLAVE application.

$5.2.3.3 Ring Bus Implementation. When in the ring bus configuration, all
SLAVEs within the ring are selected simultaneously for an instruction/status

operation. A sequence of instruction(s) are shifted in the DATAIN line of
the first SLAVE in the ring and the status word(s) <are shifted through the
ring and out of the DATAOUT line of the last SLAVE in the ring. Instruction
execution shall be performed as described in Section "5.2.3.2 Instruction
Execution”™ on page 16.

16
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5.2.4 ETM-Bus Scan Protocol

§.2.4.1 1Introduction. To send data from a SLAVE or to receive data from a
SLAVE, a scan data protocol sequence shall be used. In the scan mode, the
selected SLAVE(s) shall appear to the bus as a serial shift register (re-
ferred to herein as scan path) with the DATAIN line as the serial input and
the DATADUT 1ine as the serial output of the scan path. Therefore, when
SELECT is asserted and MODE is a logic 1, the contents of the virtual scan
path register shown in Figure 11 on page 14 are shifted. SLAVEs may require
that the chip be taken off-line to perform this operation as it may affect
the SLAVE application operation.

$.2.4.2 Addressing of Scan Paths. The virtual scan path shift reqister may
be implemented as a number of parallel scan paths of varying lengths. The
selection of any serial scan path contained with the SLAVE shall be per-
formed by instructions previously received by the SLAVE. Use of SLAVE
application scan paths may necessitate disabling SLAVE functions (off~line
operation) during certain scan sequences.

5.2.4.3 Bypass Bit with Ring Bus Implementation. All SLAVEs shall support
a one bit scan path which shall be known as the "Bypass™ configuration bit.

This path shall be selected in the same way as any other application scan
path. This ™bypass™ scan path will enable shorter access to individual
chips which require repeated scans when a ring bus structure is used by
allowing selected chips to be "bypassed"” during scan operations. All SLAVEs
shall have the ability to scan the "bypass™ scan path during functional
(en-line@) chip operation without affecting chip operation.

5.2.5 1Instruction Register. The instruction register is loaded serially as
described in Section "5.2.3 ETM~Bus Instruction/Status Protocol”™ on page 16.
The instruction register is 17 bits in length which includes 16 bits of data
and 1 bit odd parity.

5.2.6 Status Register. The status register is read serially as described
in Section "5.2.3 ETM-Bus Instruction/Status Protocol™ on page 16. The sta-
tus register is 17 bits in length which includes 16 bits of status and 1 bit
odd parity.

5.2.7 1lnterrupts. Interrupts are indicated by a SLAVE asserting the INTER-
RUPT line wuntil the CONTROLLER services the interrupt (see Section "5.5
ETM~Bus Initialization™ on page 18).

17
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5.3 SLAVE Operation Sequences. Commands are dependent on element implemen-
tation within a system and are not specified herein. A recommended list of
SLAVE operation sequences follows:

. NOOP- executes no operation.

. ECHO~- data sent in instruction word is 'echoed' back on following
instruction.

. WRITE REGISTER - write data to specified SLAVE register.

. READ REGISTER ~ read specified register into SLAVE instruction/status
register.

4 RESET - places element logic into a predefined state.

. READ STATUS -~ 1loads status bits into SLAVE instruction/status
register.

. ENABLE/DISABLE CHIP OUTPUTS
. ENABLE/DISABLE CHIP CLOCKS
. ENABLE/DISABLE CHIP INTERRUPTS

5.4 ETM-Bus Contrel. The ETM-Bus shall have single CONTROLLER operations.
This specification shall not preclude the ability for systems to have more
than one CONTROLLER and a method to switch mastership of the bus independent
of the signal lines defined in this specification.

§.5 ETM-Bus Initialization. It shall be the responsibility of the CONTROL-
LER to initialize the ETM-Bus. This shall be accomplished by releasing the
SELECT line and holding the MODE line low (instruction mode).

5.6 ETM=-Bus Error Handling and Recovery Definition. All instructions
transferred from the CONTROLLER to a SLAVE shall have one odd parity bit in
the most significant bit of each instruction shifted during
instruction/status operations (i.e., 16 data bits plus 1 parity bit). The
SLAVE shall perform parity checking at the completion of an instruction
transfer. If a parity error is detected, the SLAVE shall net execute the
instruction and shall assert an "Instruction Parity Error™ bit in the SLAVE
Status register and transmit an interrupt to the CONTROLLER.

The SLAVE Status Register shall have one odd parity bit in the most signif-
icant bit of each status word (i.e., 16 data bits plus 1 parity bit) which
is transferred to the CONTROLLER with SLAVE Status during Status reads.

5.7 EIM-Bus Testing. On-line testing of the bus is performed as a result
of its normal operation. Off-line or power-up testing may be accomplished
through the use of bus exercise routines and bus wrap/hand-shaking tests.
The CONTROLLER shall be able to send bad parity to check the SLAVE's inter—

18
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rupt logic and check for proper SLAVE response utilizing user definable com-
mands for test flexibility.

19
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6 NOTES

Any comments should be submitted to:

J.P. Letellier

Naval Research Lab
Code 5305

Washington, D.C. 20375
(202) 767-2937
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EOM

ETM-Bus -

LS8

MHZ -

mA

MS8 -

nh
ns
pf
78D
Tbs
Tclk
Tes
T
Th
Tp
Tr
Ts
TTL
uA

Vref

APPENDIX 1

186 GLOSSARY
End of Message
Element Test and Maintenance Bus
Least Significant Bit
Megahertz, 1 million cycles per second
Milljamperes, 1 thousandth of an Ampere
Most Significant Bit
Nanohenry, 1 billionth of a Henry
Nanosecond, 1 billionth of a second
Picofarad, 1 trillionth of a Farad
To Be Defined
Bus Settling Time
Reference Clock Cycle Time
Cleck Skew
Fall Time
Hold Time
Propagation Delay
Rise Time
Set-up Time
Transistor-Transistor Logic
micro Amperes, 1 millionth of an Ampere

Reference Voltage
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ABSTRACT

This specification defines the electrical interface standard for VHSIC Phase 2
integrated circuits. The use of a standard electrical interface will simplify
the design of military systems using VHSIC Phase 2 integrated circuits from
multiple sources.
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PREFACE

This document was prepared by IBM, Honeywell and TRW in partial fulfillment of
Congract Data Requirements List (CDRL) item A0ll for work being performed
undeTr VHSIC Phase 2 Submicrometer Technology Development contracts
DAAK20-85-C-0367, F33615-84~C-1500 and N00039-85-C~-0111, respectively.
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Section 1

SCOPE

1.1 SCOPE,

This specification states the electrical interface and clock requirements for
VHSIC Phase 2 integrated circuits.

1.2 PRURPQOSE.

The purpose of this specification is to establish an electrical interface and
clock standard that facilitates interoperability of VHSIC Phase 2 integrated
circuits.

1.3 INTENDED APPLICATION.

This specification applies to the following VHSIC Phase 2 electrical
interfaces:

¢ Power supplies.

* DFNCLK and SYSCLK clock signals at the chip inputs. Any other SYSCLK
synchronous clocks required by a VHSIC chip or chip set will be
generated by that chip or chip set from the DFNCLK and SYSCLK. The
manufacturer of the chip or chip set may elect to provide additional JAN
qualified clock generating chips in the set to provide additional clocks
if the design requires them, but thev must also require only the DFNCLK
and SYSCLK clocking inputs.

* Electrical logic levels for point-to-point binary data interchange.
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Section 2

APPLICABLE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS,

The £following documents of the exact issue shown form a part of this
specification to the extent specified herein. In the event of conflict
between the documents referenced herein and the contents of this
specification, the contents of this specification shall be considered a
superseding requirement.

. VHSIC Phase 2 Interoperability Standards ETM-Bus Specification.

2.2 NON-GOVERNMENT DOCUMENTS .,

The following documents of the exact issue shown form a part of this
specification to the extent specified herein. In the event of conflict
between the documents referenced herein and the contents of this
specification, the contents of this specification shall be considered a
superseding requirement.

. None

m
{
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Section 3

DEFINITIONS

The definitions listed herein shall apply.

absolute maximum rating

operating conditions

signal midpoint

clock skew

duty cycle

Phrase used to identify a stress condition beyond
which the integrated circuit may be permanently
damaged. Functional operation of the integrated
circuit under this stress condition is not
implied. Long term reliability may be reduced,
even if damage is not immediately observable.

Phrase used to specify the range of a parameter
over which functional operation of the integrated
circuit is provided. Exceeding the operating
conditions for more than one minute may affect the
reliability of the integrated circuit.

Signal midpoint is defined to be that voltage
which is the average of the maximum input low
voltage and minimum input high voltage as defined
in sec¢tions 4.2.2.2 and 4.2.2.3.

Clock skew is defined to be the delay between the
falling edges of two synchronous signals as
measured at the signal midpoint value as shown in
Figure 1.

)

Skew

Figure 1: Clock Skew
The duty cycle shall be defined as the time the

clock is higher than the midpoint value divided by
the total clock period.
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synchronous Two signals are synchronous if one signal's

frequency is an integer multiple of the other's
frequency. There also exists a well defined phase
relationship between the two signals, as shown in
Figure 2, where the value t4 is constant.

Signal 1

Signal 2

Figure 2: Timing Relationship of Two Synchronous Signals




Electrical Interface Specification Version 2.4

Section 4

ELECTRICAL INTERFACE REQUIREMENTS
Electrical interface characteristics for VHSIC Phase 2 integrated circuits
shall be as specified herein. All voltages shall be referenced to the
integrated circuit ground. Current shall be conventional current with current
into the integrated circuit expressed as a positive value.
4.1 POWER SUPPLY REQUIREMENTS
4.1.1 ABSQLUTE MAXIMUM RATING

The absolute maximum DC voltage applied to any +3.3 volt power input shall be
greater than -0.3 volts and less than +5.0 volts.

The absolute maximum DC voltage applied to any +5.0 volt power input shall be
greater than -0.5 volts and less than +7.0 volts.

4.1.2 QRERATING CONDITION

The DC voltage applied to any +3.3 volt nominal power input during operation
shall be +3.3 volts 1S percent (3.135 volts to 3.465 volts).

The DC voltage applied to any +5.0 volt nominal power input #Buring operation
shall be +5.0 volts +10 percent (4.5 volts to 5.5 volts).

4.2 DC ELECTRICAL LIMITS FOR INPUTS AND OQUTPUTS

4.2.1 ARBSOLUTE MAXIMUM RATINGS

Unless otherwise specified, for those inputs and outputs using the +3.3 volt
nominal supply, the absolute maximum DC voltage applied to any input or output
shall be greater than -0.3 volts. The absolute maximum DC voltage shall be
less than +4.2 volts. When the voltage is between 3.465 volts and 4.2 volts
the absolute value of the current supplied shall be less than 4mA.

Unless otherwise specified, for those inputs and outputs using the +5.0 volt
nominal supply, the absolute maximum DC voltage applied to any input or output
shall be greater than -0.5 volts and less than +7.0 volts.

Note: Transient voltages may be more negative as specified in 4.2.2.3.

4.2.2 QPERATING CONDITIONS

4.2.2.1 Input And OQutput (I/Q) Capacitance

Capacitance to ground and other lines shall be specified for each integrated
circuit input and output.

E~-19




’Electzical Interface Specification Version 2.4

4.2.2.2 High-level Input Voltage (VIH)

An input voltage of +2.0 volts or more shall be interpreted as a high level.
For those inputs using the +3.3 volt nominal supply, unless otherwise
specified, the DC input voltage shall not exceed the value of the +3.3 volt
nominal supply. For those inputs using the +5.0 volt nominal supply, unless

otherwise specified, the DC input voltage shall not exceed the value of the
+5.0 volt nominal supply.

4.2.2.3 lLow-level Input Voltage (VIL)

An input voltage of +0.8 volts or less shall be interpreted as a low level.
The minimum DC input voltage shall be -0.3 volts. A minimum input voltage of
-0.6 volts shall be permitted as a transient while ringing is clamped as long

as the signal is within de¢ limits for the specified setup/hold time from
section 4.3.2.6.

4.2.2.4 Leakage Current (IL)

Over the input voltage range of 0 volts to the specified maximum VIH, the
input current into any input or output that is not driving the line shall be
between -250 microamps and +20 microamps.

4.2.2.5 High-level Output Voltage (VOH)

For active pull-up outputs, the high-level output voltage shall be greater
than +2.4 volts at a current of ~0.4 milliamps.

Open collector and open drain outputs are permitted.
4.2.2.6 Low-level Output Voltage (VOL)

The low-level output voltage shall be less than +0.5 volts at current of +4.0
milliamps.

4.2.2.7 Low-level Sink Currept (IOL)

The low-level output current drive capability shall be greater than or equal
to +4.0 milliamps at an output voltage of +0.5 volts.

4.2.2.8 High-level Source Current (IOH)-.

The high-level output current drive capability shall be greater than or equal
to ~0.4 milliamps at an output voltage of +2.4 volts.

4.3 CLOCK REQUIREMENTS
4.3.1 GENERAL DESCRIPTION
Two clocks shall be distributed to the subsystems. They shall be referred to

as SYSCLK and DFNCLK. These signals shall be synchronous to each other. It is
intended that the internal chip clock(s) be derived from the signal SYSCLK.
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The signal DFNCLK is intended to be used as a synchronization aignal to keep
the various chips and applications in step with one another. The DFNCLK signal
can be used for REFCLK in the ETM-bus.

4.3.2 CHARACTIERISTICS OF SYSCLK
4.3.2.1 Erequency

Submicron VHSIC chips shall be designed to operate with SYSCLK having a
maximum frequency of at least 100MHz and a minimum frequency of 0 Hz. Systems
utilizing VHSIC chips may be designed to utilize a SYSCLK anywhere in the
range of 0 to 100MHz, provided the other provisions of this specification are
met .

4.3.2.2 Duty Cycle

The duty cycle of SYSCLK shall be no less than 45% and no more than 55%,
measured at the input pin.

4.3.2.3 Clock Rise Time

The maximum rise time of SYSCLK shall be the lesser of 15% of SYSCLK's period
or 5nS, measured at the input pin. The rise time shall be measured from the
10% point of the voltage waveform to the 90% point.

4.3.2.4 Clock Fall Time

The maximum fall time shall be the lesser of 15% of SYSCLK's period or 5nS, at
the input pin. The fall time shall be measured from the 90% point of the
voltage waveform to the 10% point.

4.3.2.5 Irailing Edge Operation

All chip application registers shall be referenced to a falling edge of
SYSCLK. Clock control logic may use a rising edge of SYSCLK where required.
The appropriate edges from the set 0:15 shall be specified for each register.
For example one register could be specified to trigger on edges 0,2,4...14.
another might use edges 1,3,5 ... 15. See Figure 3.

DFNCLKX L

ssex | U UL

0GRS 0 1 2 k] 4 5 ] 7 8 9 10 11 12 13 14 15

Figure 3: Clock timing
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4.3.2.6 Setup Time/Hold Time Specification

All logic signal setup and hold times shall be specified with respect to the
voltage midpoint on the falling edge of SYSCLK. Actual numbers are
application dependent and will vary.

4.3.2.7 Clock to Qutput Specification

All logic signal clock to output delays shall be specified with respect to the
voltage midpoint on the falling edge of SYSCLK. Actual numbers are
application dependent and will vary.

4.3.2.8 DC Electrical Limits for SYSCLK

SYSCLK shall comply with Section 4.2.2.

4.3.3 gcharacteristics of DENCLK

4.3.3.1 Erequency

The frequency of DFNCLK shall be the frequency of SYSCLK divided by 16.

4.3.3.2 Duty Cycle

The duty cycle of DFNCLK shall be no less than 49% and no more than 51%,
measured at the input pin.

4.3.3.3 Clock Rise Time

The maximum rise time of DFNCLK shall be the lesser of 15% of SYSCLK's period
or 5nS, measured at the input pin. The rise time shall be measured from the
10% point of the voltage waveform to the 90% point.

4.3.3.4 Clock Fall Time

The maximum fall time shall be the lesser of 15% of SYSCLK's period or 5nS,
measured at the input pin. The fall time shall be measured from the 90% point
of the voltage waveform to the 10% point.

4.3.3.5 Irailing Edge Qperation

Registers clocked by DFNCLK shall be triggered on a falling edge of DFNCLK.

4.3.3.6 DC Electrical Limits for DFNCLK

DFNCLK shall comply with Section 4.2.2

11
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4.3.4 gClock Skew Requirements
4.3.4.1 SYSCLK
The maximum clock skew for the SYSCLK signals between different chips in the

subsystem, measured at the input pins should be the lesser of 5% of SYSCLK's
period or 2nS, measured at the input pins.

4.3.4.2 GYSCLK to DENCLK
The clocks should be distributed, such that measured at the chip's input pins,

the falling edge of SYSCLK should occur after the falling edge of DFNCLK. The
clock skew between DFNCLK and SYSCLK should be between 1 and 4 nS.

4.3.5 Relationship tg REFCLK
4.3.5.1 Separate DFNCLK and REFCLK

Chips with separate DFNCLK and REFCLK inputs shall be capable of operating
with both pins connected to DFNCLK.

4.3.5.2 DENCLK as REFCLK
Chip specifications may require use of DFNCLK as the REFCLK signal in the

ETM-bus. Furthermore if any chip on a particular ETM-bus uses DFNCLK as the
REFCLK signal then all the chips on that bus must do so.

12
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