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PREFACE

This report represents the Contract Data Requirements List (CDRL) item
A01l 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 TRW.

Specifications have been developed for:

* a standard interconnect system bus called the PI-bus (Appendix
B),

0 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

a 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 A005, A006 and A009).

iv
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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
Government 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/O) 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 (P1-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."

1-2



POWER
SUPPLY

ATR BOX MODULES ON BACK PLANE

MODULE MODULE MODULE

FUNCTIONAL FUNCTIONAL FUNCTIONAL
ELEMENT ELEMENT JELEMENT

ETM-BUSJ

BIU DxMD BI xMD I DxMD

Tm-Bus

----- Pt-BUS ____________

Figure 1-1. Interoperability Standards -System Environment

1-3/(1-4 blank)



Section 2

PI-BUS STANDARD

2.1 INTRODUCTION

The P1-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 open 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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Figure 2-1. PI-bus Conceptual Model
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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
virtua 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.

Pl-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 addition,
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 operate 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 P1-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 is 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 line 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, 4)
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 requLe 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 DxM3)/TMPs interface
to individual vendor chips by means of a secondary bus known as the ETM-bus
which is more appropriate at the chip level. 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-bx
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 DxD 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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Monitor (OCM) which is controlled by the DxMD and the TM-bus MASTER.

6. Self-test of all of the chips would take less time since each DxMD
can initiate testing on each module.

7. Interrupt handling becomes simpler since the DxMD screens data
before notifying the TM-bus MASTER.

8. 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.

9. 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:

1. Reduces on-chip interface circuitry.

2. Chip address identification is more straight forward.

3. Chip-to-chip interconnect testing is more efficient.

4. Allows support of vendor specific test technologies/designs.

5. Fault tolerant TM-bus variations are easier to implement.

6. Simplifies/standardizes DoD testing of various vendor modules.

7. 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. 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.

2. 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, multi-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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* -/-----4_ TM-bus SLAVE
SI 4

• * - - I TM-bus SLAVE II I I

TM-bus 4 I 4
MASTER -- - / -- -I TM-bus SLAVE I
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I* -/-$ TM-bus SLAVE II I

I I I
I I

I I I
III 4
I• /-I TM-bus SLAVE i
I I I

I I

FROM CLOCK SOURCE

Figure 3-1. Conceptual Model Of Bus And Modules

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 '1' 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 I
CLOCK I I

TM-bus I<----------- -> SLAVE
MASTER MASTER DATA I I

CONTROL II I
.................

SLAVE DATA III i
I< ..............- - -- I

Il11 I
1III I

I III
IIII 4
L 1./-> 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 (HIP) 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 HIP 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 '0' 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 TH-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

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
_ _ __ 6/-jt ETM-bus SLAVE 0I _ _ _ _ _

I°I-I6 IETM-bus SLAVE 1

ETH-bus 6 I 6
MASTER/ -1 -* /-I ETM-bus SLAVE 2
CONTROLLER I II1 6 I

4 (DxMD/TMP *-- /- - ETM-bus SLAVE 3
or similar

TM-BUS device) [
I I

I6
I I 6

• --- j ETM-bus SLAVE 31I I I
I I

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

REFERENCE CLOCK
* >1

I DATAIN
I ETM-bus I >1 ETM-bus

4 CONTROLLER DATAOUT SLAVE

TH-BUS SELECT
DxMD/TMP I >IVHSIC P2

I or similar INTERRUPT IChip 0CM
I device j< linterface

I MODE
>1

II I
L I__ __ _ I __ __ _

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 MHz.

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 DATAOUT 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.

MODE OPERATION

0 INSTRUCTION/STATUS

1 SCAN

Figure 3-6. ETM-bus MODE Line Definition

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 a 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.

o Performance Characteristics 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 and star
signals configurations

- TTL compatible - Interrupt Capability

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

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/O) voltage level
standards is given in "4.3 Chip Power Supply And I/O 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 (ZO) of the line is given by:

ZO = 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 = a.6 nanohenries per inch and
C = 2.9 picofarads per inch

which yield
ZO = 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, 'TT 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-
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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 betwee 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.
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BlU BUS TRANSCEIVER

ENABLE TRANSPARENTBU

LATCH LAPC

ENBL

ON-CHIP OFF-CHIP BUS
RECEIVER DRIVER RECEIVER

BUS CYCLE

BUS CLOCK

BIU ACTION 14-DRIVE BUS 0-- SENSE BUS-o

BIU DATA OUT UNDEFINED

DATA ON BIU PIN x xxY

SBUS DATA
DATA ON BUS LINE _______________________BUS_____

BIU OCD- ENABLE

TRANSPARENT LATCH -MODE 14-TRANSPARENT-044-OATA HOLD-..l

- DATA OUT Xxx

TRANSCEIVER OCD.- ENABLE

Figure 4-1. Bus Transceiver And Timing Diagram
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4.3 CHIP POWER SUPPLY AND I/O VOLTAGE STANDARDS

VHSIC Phase 2 interoperability standards have been established for
chip power supply, I/O 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/O standard.
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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-i
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 transceiver 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 transition
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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Figure A-4. Unterminated 54F244 Driven Bus (High-to-Low)
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L 1 ST OF DATA CARDS
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PART I OP THE INPUT DATA a

I MODEL DESCRIPTION

2C
.... ODEL.... .4 -.-- --------- S --------- 6 -------- 7-- --------

3 MODEL GETC1 ( )

4 C ISM INTERNAL USE ONLY

5 ELEMENTS
6 R0.Y-Zz@.05S
7 EDD2.G:1D-Ss2.
8 tT2.52-322 .03
9 01S 8 MODEL S534F2441(X-OND) (PDSZ)

10 LIS 3 MODEL 554F!N (X-GND)
11 DII 3 MODEL SS4F244&Y-GND) (POz0)
12 E5.GNO-Z z((VRIC.DI)+(RIUPJDX.DIS))
13 JS.U-GND (PJUX.DIS)
14 RS.-GND I 1
is PJs S (Js)
16 LLI 2 MODEL MOZOOE (1-66)
17 0l 2 MODEL MSF2448(tt-GNO-X-Y) CAsl. PDS0.PR@U0.SSS)
is LI 2 MODEL M34FIN (2 -GND)
19 L2 a MODEL MS4FIN (3 -CNO)
20 L3 2 MODEL MS4FIN (4 -GND)
21 L4 s MODEL MS4FIN (3 -GHD)
22 L5 2 MODEL MS4FIN (6 -OND )
23 L6 2 MODEL MS4FIN (7 -GNO)
24 L7 x MODEL MS4FIN (8 -GND )
25 L3 * MODEL M54PIN (9 -GND )
26 L9 3 MODEL MS4FIN (10-GND)
27 LIGs MODEL M34FIN (11-GND )
28 L1I: MODEL MS4FIN (12-GND)
29 L12 MODEL MS4FIN (13-GND)
30 L13 MODEL M54FIN (14-OGD)
31 L14, MODEL M34FIN (15-GND)

Figure A-7. ASTAP Model For Open Collector Driven Bus
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32 L1152 MODEL M54FIN (16-GNU
33 L162 MODEL M54FIN (17-GNU
3'. L173 MODEL1 M54FIN Cia-GNU
35 LI&X MODEL. M54FIN (19-GNU
36 1192 MODEL M54FIN (20-GNU
37 120X MODEL M54FIN (21-GNU
35 L212 MODEL M54FIN (22-GNU
39 1222 MODEL M54FIN (23-GNU
40 L232 MODEL M54FIN (24-GNU
41 1248 MOOJEL M54FIN (25-GNU
42 1252 MODEL M54FtN (26-GNU
43 1268 MODEL M54FIN (27-GNU
44 1272 MODEL M54FIN (25-GNU
45 L242 MODEL M54FIN (29-GNU
46 129: MODEL M54FIN (30-GNU
47 130: MODEL M54F4N (31-GNU'.6 L312 MODEL M54FIN (32-GNU
49 TXI x KLINE G52 (1-GNU-?) (P1:0.65)SO TX2 2 KLINE1 052 (2-GND-3) (Ptz0.65:3
51 TX3 2 KLINE 052 (3-GND-4) (P1:8.651
52 TX'. 2 KIN 052 (4-GNU-SI (P1:0.651
53 TXS s 1KIN 052 (5-GNU-6) (P1:0.65)
54 TXG 2 KLINE 052 C6-GNO-7) (P1:0.65)
55 TX7 2 RUNE 052 (7-GNU-6) (P1:0.451
56 TXS3 RUKLNE 052 (8-GtCD-9) (P120.6s)
S? TX9 3 1KIN 052 (9-GN4D-10)(PL20.s:3
56 TX102 KLINE G5Z(i4-GNU-1I)cp1:o.65)
59 lXIIX KLINE G52(11-GNU-12)(p1:0.6s)
60 TX122 KLINE GSZ(12-GHD-13)(PLx0.65)
61 TX132 RUINE G32(I3-GNU-I4)(PLzg.6S)
62 TX14X RUINE 052(14-GNU-15)(PL0.6g3)
63 TX152 RLINE 052(i5-GND-16)(pL20.65)
64 TX162 RLINE 652 (16-OND-17)(pLXo.65)
65 TX17: RUINE 052(17-ONU-18)(PL20.65)
66 TXI32 RUINE M52(1-GND-19)(PL:,.65,
67 TX192 1KIN G52(19-GND-20)(PL:g.65)
68 TX202 KLINE! 45(20-OND-21)(PU:0.53
69 TX212 RUIN! 052(21-OND-22)(P1:..65)
70 TX222 KIN 052(22-GND-23)(PLzg.65)
71 TX233 1KIN G52(23-OND-24)(PL:g.65)
72 TX242 1KIN 032(24-GND-25)(PLZg.g:3
73 TX253 1KIN 052(25-GND-26)(PU20.65,
74 TX26X RUINE OS2(26-GND-27)(PI:0.6S)
75 TX27: KIN GS2(27-GHD-2&)(PtQ.6S,
76 TX232 KLINE 5t-G-2)p:.s
77 TX292 1KIN 052(29-GND-30)(PLx0.$S)
78 TX302 KLINE G352(30-GNU-3I)(PU:0.651
79 TX313 KLINE 052(3I-ONU-323(PU:0.5

Figure A-7. ASTAP Model For Open Collector Driven Bus (continued)
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81 FEATURES
81 GROUND 3 CONDO

.... - I ------- -- - ----- 3 - 4--
82 KLINE G52 CHI-GND-WS$

$3 ELEMENTS
84 TO a 0.159
45 PL 8 1
86 CMATRIX a (Pi)
87 P1l s 2.91478

---- --- I --------- t ---------.... .. 3 --------- 4 --------- 5 --------- 6 --------- 7--
88 MODEL MS4FZN (N-GNO)

89 ELEMENTS
90 CCONN.IN-GNOH4
91 LCONN.IN-IX.015
92 CSTUBI-GHOs6.
93 LSIUB.1-22.017
94 JL.2-GNO a TABLE LCVJL)
95 CREC.2-GHD . 10.

96 FUNCTIONS
97 TABLE L.
98 2.0. -121. -0.80. -30. -0.7. -10. -0.6. -02.5.
99".4S.1.10. -0.20,-1.O0, 0.2.-0.35, 0.5. -0.75,

too 1.4. -0.5. 2.0. 0.02
- --------- 2 --------- 3 --------- 4 --------- 5 --------- 6 --------- 7--

101 MODEL MDIODE (IN-OUT)

102 ELEMENTS
103 JL.IH-OUTZ TABLE L(VJL)
104 RI.IN-OUTZSOSO

105 FUNCTIONS
106 TABLE L.107 .2.0,. .,1.0,.42,7,.4,.9.46,11,.5,20..8.6 ,1.l0

-0-------- I --------- 2 --------- 3 --------- 4 --------- 5 ------- 6 --------- 7--
108 MODEL S54FIN (IN-ONO)

109 ELEMENTS
110 CL.IN-GNO x 2
Ill JLIN-GND STABLE L(VJL)

112 FUNCTIONS
113 TABLE L.
114 -2.0. -121. -0.80, -30. -0.7. -10. -0.6. -02.5o
115 -0.43,-1.10, -0.20.-1.00. O.Z.-0.85. 0.S. -8.75.
116 1.4. -0.5. 2.0. 0.02

- .-------- 1 --------- 2 --------- ------- 4 --------- 5 -------- --------- -7--
117 MODEL M54FZ444 (OUT-GNO-X-Y)

Figure A-7. ASTAP Model For Open Collector Driven Bus (continued)
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its ELE14ENTS
119 PROX0.05
120 PO:1
121 AZZI
122 PK a1.1928
123 PQT 2 1.2

14P14 a CPK.PRT) I-wO)XA(TPP)*h
123 JOX,2-NOsccCPOmPTN-PTP")PTP + ~~ZP~PwPNT))£
125 X2GO 8

127 RX.2-OND 310E3

120 LSTUB-2-
1 

a .017
11.9 ~ CSTU5.1-GNO Z6

130 LCONN-1-OUT 2 01
131 CCONN.OUT-ONO

132 RIC.X-GNDS10E5

133 muIIJy-ONOX0ES
134 PTN TABLE N (VJOX)
135 PTP ATABLE P (V.JOX)

134 Ph :((CPTNPPIA)hPO)*((PTPNPC)NCPD1I))CPEX/PR0))/PB)
137 PTHP 2TABLE N (PEY)

138 PIA (-1%PJS)
139 PIC 3 (-IOPJS)

140 PX2((CPDMCPVB-PVA)4((l.PD)W(PVC-PVD)))WCP11))
141 PEE X (l.OEXPC-1W(PNTIMlE)f2)))
142 PSB (CPO*CPTNP-PTPP)) + CCI-PO)%(PTNN-PTPN)))
143 FEY 2 (PVA + FEX)
144 PEZ 2 CPVC - PEX)
145 PTPP 2 TABLE P (PEY)
146 PTNN 2TABLE N CPEZ)
147 PTPN 3 TABLE P (PEZ)
148 PV8 X (VZfl.)
149 PVA 3(YRIC)
150 PVC S (VRZC)
151 PYD Z CYRILI)

152 FUNCTIONS
153 TABLE P.
L54 -2.4.-13,.5 .-63.3 .-.2 .-73.3..*. -67. 1.0, -33.3.

155 2.0. .0
156 TABLE N,
151 -2.0. -125. -0.77. -125. -0.699,-12.3,-0.640. -4.99.

is$ 0.14.-2.63, .3.4 1..6.688..0 1.2. 108.

159 1.75, 114., 2.15. 128. 2.75. 148. 3.5. 166

Figure A-7. ASTAP Mlodel For Open Collector Driven Bug (Continued)
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160 FEATURES
161 GLOBAL=(PJS)I;. ---... .1.. . . . 2 --------- 3 --------- 4 --------- 5 --------- 6-....
162 MODEL 53 F24 8 (OUT-OND)

163 ELEMENTS
164 PDS 1
165 JNA.OUT-GND(PJN"(1-PD))
166 JPA.OUT-GND=(PJPNPO)
167 PJNXTASLE N(VJNA)
168 PJP2TA8LE P(VJPA)
169 PJOX:(JNAJPA)
170 RX.OUT-GNDO 10E5
171 CXOUT-GND

z 
8

172 FUNCTIONS
173 TABLE P.
174 -Z.0.-133,-.5 °83.3 .-.2 ,-73.3..0, -67, 1.0, -33.3.
175 2.0. 0
176 TABLE N,
177 -2.0. -125, -0.77. -12. -0.699.-12.3.-0.640, -4.99,
178 0.14.-2.63, 0.2. -1.0, 0.9. 223. 1.2, 238.
179 1.75. 248. 2.15. 288. 2.75, 308. 3.5. 360

UMMW0MuNMMNMuMvMNMN2MMNMMMM3NNMMWI MAMMNMSMMMMY6MNM)

PART 2 OF THE INPUT DATA

186 EXECUTION CONTROLS

..--0---------- .------2-------- 3 -------- 4 --------- S ---------
181 ANALYZE GETCL (TRANSIENT)

182 RUN CONTROLS
183 START TIME a 0
184 STOP TIME a 50
£85 PRINT INTERVAL 2 1
186 STARTING STEP SIZE 2 .0001
187 MAXIMUM STEP SIZE 2 1
88 MINIMUM STEP SIZE x .00001

189 GRAPHICS

190 INITIAL CONDITIONS
191 VCL.LIS:2.0
192 VCX.D1:2.0
193 YCX.D13S2.0
194 VCX.D112.42

195 OUTPUTS
196 PRINT,PLOT (COMMON SCALES)H1.N2,NI6,N32
197 PRINT.PLOT JOX.Dt. JL.LIJL.L31
195 PRINT VRIC.DI° VRIW.DI, ES. PJS.PTP.0IPTN.DI.
199 PA.DI.PTNP.DI.PIA.D1.PEX.DI.PEE.DI.PB.DI.PTPP.DI.
200 PTNH.DI.VRO

S0---------- I -------- 2 --------- 3 --------- 4 --------- 5 --------- 6 ---------
201 END

Figure A-7. ASTAP Model For Open Collector Driven Bus (continued)
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To minimize clock skew, the P1-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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A 24* UNTERMINKATED LINE 8
POSITIVE TRANSITION 4CLOCK LINE (55

.. ... . .. . . . . .. . . . . . . ORa . C . . . . . . . . . . .. . .R C 1

...................

......... . .. .
UNTERMINATED LINE
TL54F244 TRANSCEIVER
A - Near- End Driver
9 - Far End Receiver

24 inch line - 55 ohms
5 Nanoseconds Per Division

Figure A-&. 54F244 Two Point Not (Low-to-High)
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CASE 11: CLOCK LINE

NE ATIVE TRANI1TION
244 LINE (55 Qhms)

:.ORIVER A NODE 1
: REEIVER B NOE 2

..... . ................ .......... .......... li

.. ......2 2 2 2 2 2 2 22 2 2 2 .... ....... . ... ..............................................
5.5nsGRAPH 018

+ ": "::" ." .".. . . .- . . .... . .'::+::!::!+!+:!!:
- - g~a... .......... ........ .

UNTERMINATED LINE
TTL 54F244 TRANSCEIVER
A - Hear End Driver

B - Far End Receiver

24 inch line - 55 ohms
5 Nanoseconds Per Division

Figure A-9. 54FZ44 Two Point Net (High-to-Low)
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Change Pages Version 2.1 to 2.2

Revised Comments

Page

4-9 Clarify location of terminators

4-12 Reduce maximum MID and NIP voltage

5-8 Allow slave device to cause Bus Interface to

become not selected

5-15 BIF Header (not Data) Acknowledge

5-16 Clarify acknowledge word type. Add slave device error

condition for reporting software errors

5-18 Clarify error report cycle coverage

5-19 Correct spelling

5-74 Clarify Wait note a)

5-83 Correct figure reference

5-84 Correct bit field numbering

5-87 Clarify errors reported in 'Uncorrectable Line Error"

bit.

5-92 Redefine slave response to reserved Message Type codes
in Header Word A and allow slave device to cause Bus
Interface to go not selected

5-93 Redefine slave response to reserved Message Type codes
in Header Word A and add slave device error condition.

5-94 Clarify that the Suspend (S) bit is included in the

error check.
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ABSTRACT

This specification defines a linear, multi-drop, synchronous bus
(PI-bus) which supports digital message communications between up to 32 mod-
ules 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 P1-bus uses a master-slave communications protocol which allows the
bus master to read data from one slave or write data to any number of slaves in
a single message sequence. Messages may be routed to particular modules using
either logical or physical addressing. A number of independent messages may
be transmitted during a bus master's tenure. The message formats provide a 32
bit virtual address range for each module.

The PI-bus protocol specifies a set of bus state transitions which con-
trol the communication sequences and allow the bus to operate in a pipelined
manner at the maximum clock rate allowed by the bus signal propagation delay.
Master-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.

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

Bus mastership may be changed either by direct assignment or by priority
arbitration. The protocol defines 128 logical levels of message priority and
32 levels of physical priority.

Extensive signal line and sequence error detection capability is incor-
porated into the bus definition. In addition, an optional siiqle line error
correction capability is specified.

iv
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PREFACE

This document was jointly prepared by IBM, Honeywell and TRW in partial
fulfillment of Contract Data Requirements List (CDRL) item A011 for work being

performed under VHSIC Phase 2 Submicrometer Technology Development contracts
DAAK20-85-C-0367, F33615-84-C-1500 and N00039-85-C-0111, respectively.

v

B-9/(B-1
0 blank)



PI-bus Specification Version 2.2

Section 1

SCOPE

1.1 SCOPE

This specification states the physical, electrical, functional and per-
formance requirements defined for the P1-bus.

1.2 PUREf

The purpose of this standard is to establish requirements for the PI-bus

and facilitate interoperability of modules which use the PI-bus.

1.3 INTENDED APPLICATION.

The PI-bus is intended to provide a master-slave communications path for

transferring digital messages between a set of up to 32 modules residing on a
single backplane.

1.4 CLASSIFICATION,

Bus configurations and modules which conform to this standard may be any

of the types, classes and features specified below:

Type 16 16 bit data transfers
Type 32 32 bit data transfers
Class ED Error Detecting
Class EC Error Correcting
Feature SO Slave Only operation
Feature HS Master and Slave operation

Buses and modules shall be classified according to their maximum capabil-
ities. Bus sequences shall be classified according to the Type or Class of
transfer actually used.

All modules and buses shall be capable of operating in Type 16, Class ED
mode. Type 32 and Type 16 modules shall be interoperable on a Type 32 bus whe-
re the Type 32 modules may communicate using 16 or 32 bit transfers but only 16
bit transfers are used whenever a Type 16 module is an active participant.
All active modules on a given bus shall operate in the same class.

1-1
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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. Zn the event of conflict
between the documents referenced herein and the contents of this
specification, the contents of this specification shall be considered a super-
seding requirement.

* Hone.

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 super-
seding requirement.

* None.

2-1
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Section 3

DEFINITIONS

The definitions listed herein shall apply to the PI-bus and P1-bus mod-
ules.

3.1 ITEM DEFINITION.

The P1-bus is a linear, multi-drop communications medium which transfers
datum serial, bit parallel information among up to 32 modules residing on a
single backplane. The datum size may be a single word or a double word.

PI-bus modules are those modules which implement the slave only or mas-
ter and slave portions of the P1-bus protocol as specified herein.

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

The device portion of each module is modeled as a virtual memory space
with a 32 bit address range. The Bus Interface is modeled as a separate memory
space with an 8 bit Data Link register address range. A separate, 8 bit virtu-
al address called the slave ID is used by the bus master to select one or more
modules to participate in a particular communications sequence as slave(s).

3-1
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Figure 3-1. Conceptual Model Of Bus And Modules

MODULE 0 MODULE 1 MODULE 31

DEVICE DEVICE DEVICE

2wN32 2ww32 2Mw32
VIRTUAL VIRTUAL VIRTUAL
ADDRESS ADDRESS ADDRESS
SPACE SPACE SPACE

JZLI
BUS BUS BUS
INTERFACE INTERFACE INTERFACE

2%W8 2*W8 2*w8
DATA DATA DATA
LINK LAYER LINK LAYER LINK LAYER
REGISTER REGISTER REGISTER
ADDRESS ADDRESS ADDRESS
SPACE SPACE SPACE

P1-bus

MODULE VIRTUAL ADDRESS SPACE 2W8
- PHYSICAL SLAVE ID 0 - 31
- LOGICAL SLAVE ID 32 - 255
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3.2 TERM DEFINITIONS.

The definitions given below shall apply to the P1-bus and P1-bus
modules.

II The concatenation operator for groups of
bits.

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

arbitration The process by which a single bus master is
selected from competing potential bus
masters.

assert (signal) The action of changing the state of a bus
signal line from released, logic 0, to
asserted, logic 1, or of ensuring that the
line remains in the asserted state.

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

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

broadcast A mode of operation where the bus master
transmits data to all modules during a single
transfer.

bus acquisition latency The time from the highest priority module's
request for bus mastership to the time at
which that module becomes bus master.

bus master The module currently in control of the bus.

bus tenure The period between the time a bus master
gains control of the bus and the time at
which control Is released.

contender A potential bus master module which is
actively vying for bus mastership.

device The portion of a module, excluding the Bus
Interface, which does the application depend-

3-3
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ant function of the module.

double word An ordered set of 32 bits operated on as a
pair of words or as a single unit. The most

significant bit of a double word is labeled
bit 31 and the least significant is labeled
bit 0.

linear bus A bus with a single shared medium segment.

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

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

multicast A mode of operation where the master trans-
mits data to more than one slave during a
single transfer.

non-transfer cycle A bus cycle that immediately follows a bus
cycle in which a valid Wait is asserted or

one of the VZ, HZ, DZ or HAZ cycles specified
in the protocol. Information on the Data
lines is not used during a non-transfer
cycle.

partial ssage A sequence starting with a header and termi-
nating prematurely due to a suspend, abort or

other exception indication prior to a normal

completion.

post (symbol) The action taken to assert and/or release

individual bus lines within one particular
group of bus lines such that either the asso-
ciated symbol appears on the group or another

symbol appears that is the result of individ-
ual line ORing of simultaneously posted sym-
bols.

release (sisnal) 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 module is assert-
ing that signal.

released (sisnal) The logic 0 state of a bus signal line pro-
duced when no module asserts the signal asso-
ciated with that line. The more positive of
the two states of a bus signal line relative

3-4
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to the 0 Volt logic reference.

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

slave A module which is selected by the bus master
to participate in a message sequence.

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

transfer A set of elemental operations on the bus
which results in the 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
(Type 32). See sequence.

mord An ordered set of 16 bits operated on as a
unit. The most significant bit is labeled
bit 15 and the least significant bit is

labeled bit 0.

3-5
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Section 4

PHYSICAL LAYER

4.1 INTRODUCTION.

The physical layer of the P1-bus is specified herein. Signal lines
required to implement the PI-bus are defined, including those used for signal
line error detection and correction. The electrical characteristics of the
module interfaces and backplane are specified and timing definitions are pre-
sented.

4.2 LINE DEFINITION.

The PI-bus signal, clock and module identification lines are defined in
this section. In addition, the encoding used to achieve signal line error
detection and correction is specified by definition of the valid symbols
allowed for each signal line group.

4.2.1 NOMENCLATURE.

Lines shall be designated by name or by capital letter abbreviations,
e.g. Data or D. Where a set of related lines are represented by the same name,
the lines within the set shall be differentiated by number with the least sig-
nificant bit numbered 0. The nomenclature for single lines shall be the let-
ter abbreviation for the line name followed by the bit number enclosed in < >,
e.g. D<O>. The nomenclature X<m..n> shall be the abbreviation for the set of
lines Xm to Xn, inclusive, where X is the letter abbreviation for the line
name and m and n are the most and least significant bit numbers, respectively.
Thus, D<7..O>, represents the least significant eight Data lines. In
addition, X<i,j,.. .,k> shall be an abbreviation for the set of lines X<i>,
X<j>,..., X<k>. Thus D<5,3,1,7> stands for the set of lines D<5>, D<3>, D<I>,
and D<7>.

P(X) shall designate the parity (modulo 2 sum) of the set of signal
lines defined by X. Thus P(D<15..O>,DC<O>) designates the parity of the six-
teen bits present on the Data lines plus the Data Check line and
P(D<15..C>,DC<Q>)=O represents even parity over the specified lines.

4.2.2 BUSED SIGHAL LINES.

All PI-bus signal lines shall be implemented as wired-or lines bused
between modules on a common backplane. Modules and buses shall implement
those bused signal lines specified for their particular Type and Class by
Table 4-1. Any implemented bus signal lines which are not required during an
operation of a particular Type and Class shall be released during that opera-

tion.

Symbols posted onto signal lines shall be valid symbols as specified in
this section, except that during diagnostic bus operation some invalid symbols
are allowed as specified in "5.3.9.5 Diagnostics.."

4-1
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As a required device function, P1-bus modules shall provide a command
path independent of the PI-bus which provides a way to force all PI-bus signal
lines to be released by the module. This capability may be used in bus diag-
nostics and fault isolation. In addition, no signal line shall be asserted
from the time power is applied to the PI-bus module until the module has com-

pleted reset as defined in "5.3.8 Initialization.." Modules shall not assert
any signal line in violation of this specification during power failure.

4-2
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Table 4-1. Pr-bus Signal Line Requirements By Type And Class

Lines Required (Yes/Ho)

Type 16 Type 32

NAME Class ED Class EC Class ED Class EC

Data CD)
D<31..16> No No Yes Yes

D<15..0> Yes Yes Yes Yes

Data Check (DC)

DC<7..2> No Yes No Yes

DC<l> No Yes Yes Yes

DC<O> Yes Yes Yes Yes

Cycle Type (CT)
CT<2..O> Yes Yes Yes Yes

CT Check (CTC)
CTC<2,1> No Yes No Yes
CTC<O> Yes Yes Yes Yes

Acknowledge Set (AS)

AS<5,4> No Yes No Yes
AS<3..0> Yes Yes Yes Yes

Wait (h)

W<2> No Yes No Yes

<111,0> Yes Yes Yes Yes

Bus Request (BR)
BR<2> No Yes No Yes

BR<1,0> Yes Yes Yes Yes

Total Lines Required 29 42 46 58

4-3
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4.2.2.1 Data Line Group (D//DC)

The Data Group shall consist of the Data (D) lines and the Data Check

(DC) lines. The Data Group is a set of bidirectional lines which shall trans-

fer header, data and acknowledge information between the bus master and the
slave(s). The Data Group (D//DC) lines shall also be used to resolve priority
during a Vie sequence.

4.2.2.1.1 Data Lines - Type 16.

Type 16 modules and buses shall provide 16 Data lines, D<15..0>. DO

shall be the least significant and D15 the most significant line.

4.2.2.1.2 Data Lines - Type 32.

Type 32 modules and buses shall provide 32 Data lines, D<31..0>. DO

shall be the least significant and D31 the most significant line. Type 16

data transfers shall always use D<15..0>.

4.2.2.1.3 Error Protection for the Date Line Group.

The Data Line Group shall use even 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
vie cycles and during multiple-slave acknowledges, the Data Line Group shall

use duplication for Class ED operation and triplication for Class EC

operation.

4.2.2.1.3.1 Class ED Operation.

4.2.2.1.3.1.1 Single Source. During bus cycles in which a single source is

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

even parity.

4.2.2.1.3.1.1.1 Type 16. The module that sources the Data lines shall also

source the Data Check line such that the set of symbols on D<15..O>//DC<O>
satisfies P(D<15..O>//DC<O>) = 0.

4.2.2.1.3.1.1.2 Type 32. The module that sources the Data lines shall also

source the Data Check lines such that the set of symbols on D<15..O>//DC<O>

satisfies P(D<15..O>//DC<O>) - 0 and D<31..16>//DC<l> satisfies
P(D<31..16//DC<>) = 0.

4.2.2.1.3.1.2 Multiple Sources. During Vie and Multiple Slave Acknowledge
Cycles, the Data and Data Check lines may have multiple sources. For those
operations, modules shall post duplicate copies of the required symbols using

Data lines D<15..8> and D<7..O> as duplicate line sets.

Usage of the Data lines for Vie and Multiple Slave Acknowledge Cycles is

specified in "5.3.3.1 Vie Sequence." and "5.2.3.3.2 Multiple Slave Acknowl-
edge.," respectively.
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4.2.2.1.3.2 Class EC Operation.

4.2.2.1.3.2.1 Single Source. During bus cycles in which a single source is
specified for the Data lines, valid symbols for the Data Line Group shall use
modified Hamming encoding as specified below.

4.2.2.1.3.2.1.1 Type 16. The module that sources the Date lines shall also
source the Data Check lines such that the set of symbols on D<15..O>//DC<5..O>
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> ) = 0

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

PC DC<l>, D<12,10,8,6,4,2,l,0> ) = 0

PC DC<0>, D<14,11,9,8,5,3,2,1> ) = 0

4.2.2.1.3.2.1.2 Type 32. The module that sources the Data lines shall also
source the Data Check lines such that the set of symbols on
D<31..16>//DC<6..O> 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,l1,10,9,8> ) = 0

PC DC<4>, D<31,26,25,24,23,15,l',7,6,5,4,3,2> ) = 0

PC DC<3>, D<30,26,22,21,20,19,13,12,ll,7,6,5,1,0> ) = 0

PC DC<2>, D<29,25,22,21,18,17,15,13,10,9,7,4,3,0> ) 2 0

PC DC<I>, D<28,24,20,18,17,16,12,10,8,6,4,2,1,0> ) = 0

PC DC<O>, D<27,23,21,19,18,16,14Pll,9,8,5,3,2,1> ) = 0

4.2.2.1.3.2.2 Multiple Sources. During Vie and Multiple Slave Acknowledge
Cycles the Data and Data Check lines may have multiple sources. For those
operations, modules shall post triplicate copies of the required symbols using
D<15..8>, D<7..O> and DC<7..O> as triplicate line sets.

Usage of the Data lines for Vie and Multiple Slave Acknowledge Cycles is
specified in "5.3.3.1 Vie Sequence." and "5.2.3.3.2 Multiple Slave Acknowl-
edge.," respectively.
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4.2.2.2 Cycle Tve Line Grauo (CT//CTC).

The Cycle Type Group shall consist of the Cycle Type (CT) and Cycle Type
Check (CTC) lines. The Cycle Type Group is a set of lines onto which the bus
master shall post symbols to indicate the current bus cycle type. The bus
Cycle Types shall be encoded as shown in Table 4-2.

Table 4-2. P1-bus Cycle Types and Valid Symbols

Class ED Symbol Class EC Symbol
Cycle Type Abbreviation CT<2..O> CTC<O> CT<2..O> CTC<2..O>

Abort AB 111 1 11l 001

Acknowledge A 011 0 011 110

Data D 001 1 001 011

Header 0 HO 101 0 101 100

Header H 010 1 010 101

Idle I 000 0 000 000

Suspend S 110 0 110 010

Vie V 100 1 100 ill

4.2.2.3 Acknowledue Line Set (AS).

The Acknowledge Set is a group of Lines onto which the slave(s) or con-
tenders shall post symbols to indicate synchronization or to signal uncorrec-
table detected errors. Valid symbols for the Acknowledge Set shall be as
defined in Table 4-3.
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Table 4-3. Acknowledge Line Valid Symbols

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

Acknowledge ACK 10 10 10 10 10

Negative Ack HAK 11 11 11 11 11

Not Selected NS 00 00 00 00

Recognize RCG 01 01 01 01 01

4.2.2.4 Wait (W) Lines.

The Wait lines shall be a set of redundant lines which the current bus
master and slave(s) may assert to obtain extra non-transfer bus cycles to sup-
ply information to the bus or to accept information from the bus.

4.2.2.4.1 Class ED.

Class ED modules and buses shall provide two Wait lines, W<1,0>, that
shall operate as redundant lines. Valid symbols for this case shall be W<1,0>
= 00, no wait request, and W<1,0> = 11, wait requested.

4.2.2.4.2 Class EC.

Class EC modules and buses shall provide three Wait lines, W<2. .O>, that
shall operate as redundant lines. Valid symbols for this case shall be
W<2. .O> = 000, no wait request, and W<2. .O> = 111, wait requested.

4.2.2.5 Bus Request (BR) Lines,

The Bus Request lines shall consist of a set of redundant lines which
shall be asserted to request that the current bus master release the bus.

4.2.2.5.1 Class ED.

Class ED modules and buses shall provide two Bus Request lines, BR<1,0>,
that shall operate as redundant lines. Valid symbols for this case shall be
BR<1,0> = 00, no bus request, and BR<1,0> = 11, bus requested.
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4.2.2.5.2 Class EC.

Class EC modules and buses shall provide three Bus Request lines
BR<2..O>, that shall operate as redundant lines. Valid symbols for this case
shall be BR<2..O> = 000, no bus request, and BR<2..0> = 111, bus requested.

4.2.3 BUS CLOCK.

Bus Clock shall be a single phase clock. All bus timing shall be refer-
enced to the high-to-low transition of the bus clock. The generation and dis-
tribution of Bus Clock is beyond the scope of this specification. However,
the period of Bus Clock shall be selected to guarantee that bus timing con-
straints are satisfied for the bus delays and clock skews resulting from the
backplane design.

4.2.4 MODULE IDENTIFICATION.

P1-bus modules shall have inputs for a set of lines that shall be hard-
wired on the P1-bus backplane to provide a unique module identification.

4.2.4.1 Module Identification Lines.

The set of 5 Module Identification (MID) lines shall be hardwired on the
backplane and shall be used by the module as the module's physical identifica-
tion code. The identification codes shall consist of an unsigned binary num-
ber in the range of 0-31, inclusive, encoded in MID<4. .0>.

4.2.4.2 Module Identification Parity Line.

A Module Identification Parity (NIP) line shall be hardwired on the
backplane such that MID<4. .0>//MIP<O> satisfies P(MID<4. .0>//MIP<O>) = 1.
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4.3 ELECTRICAL REQUIREMENTS

Electrical characteristics for the PI-bus backplane and modules shall be

as specified herein.

4.3.1 BACKPLANE REQUIREMENTS.

4.3.1.1 Bus Signal Line Characteristic Impedance.

PI-Bus signal lines shall have a characteristic impedance of not less
than 20 ohms and not more than 50 ohms for all operating and module loading
conditions.

4.3.1.2 Bus Signal Line Termination.

Signal lines shall be terminated at each electrical end of the 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 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 terminat-
ing 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 sig-
nal 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 level voltage for Bus Clock shall be greater than or equal to
+2.4 volts.

4.3.1.5.2 Rise And Fall Time.

The rise time (Tr) of the Bus Clock from 0.8 volts to 2.0 volts shall be

less than 5 nanoseconds. The fall time (Tf) of the Bus Clock from 2.0 volts to
0.8 volts shall be less than 5 nanoseconds.

4.3.1.5.3 Duty Cycle.

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

4.3.2.1 Bus Clock Reguirements.

4.3.2.1.1 DC Requirements.

4.3.2.1.1.1 Input Capacitane. 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 nanohenries.

4.3.2.1.1.3 Bus Clock Current. The maximum current sourced by the module
when the clock input voltage is +0.55 volts shall be 1.6 milliamps. The maxi-
mum 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 +0.8
volts or less shall be interpreted as a low level.

4.3.2.1.2 AC Requirements.

Modules shall operate correctly with the Bus Clock characteristics spec-
ified 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 P1-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 Sional Line Requirements.

4.3.2.2.1 DC Requirements.

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

4.3.2.2.1.2 Input Inductance. Signal line series inductance 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 output current for any signal line which
Is not being asserted by the module shall be less than 100 microamps.
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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 Hich-level Output Voltage. The high-level output voltage shall
be determined by the backplane signal line termination voltage which is +1.9
to +2.1 volts. The signal line outputs shall permit wired-OR operations on
the bus.

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

4.3.2.2.1.7 High-level Input Voltage. A signal line input voltage (Vih) of
+1.6 volts or more shall be interpreted as a logic 0. A signal line input
which is not electrically connected to the backplane (i.e. an open line) shall
be interpreted as a logic 0.

4.3.2.2.1.8 Low-level Inout Voltage. A signal line input voltage (Vil) of
+1.45 volts or Less shall be interpreted as a logic 1.

4.3.2.2.2 AC Requirements.

4.3.2.2.2.1 Sianal Line Inputs. Figure 4-1 illustrates the timing
relationships specified below.

4.3.2.2.2.1.1 Set-up Time. The maximum time that each input signal is
required to be uniquely above or below the input voltage threshold for a logic
0 or logic 1 prior to the high-to-low transition of the clock (set-up time,
Ts) shall be specified.

4.3.2.2.2.1.2 Hold-Time. The maximum time that each input signal is
required to be uniquely above or below the input voltage threshold for a logic
0 or logic I following the high-to-low transition of the clock (hold 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 Rejection. The input signal lines shall reject and the
Bus Interface shall not respond 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 less than 4 nanoseconds.

4.3.2.2.2.2 Sianal Line Outputs. The following specifications shall apply
when the signal line is connected to the test circuit of Figure 4-2.

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 in
Figure 4-3. The reference clock voltage for timing shall be +1.5 volts. The
reference signal voltage for timing shall be +1.5 volts.

The minimum and the maximum propagation delay (Tpdlh) for an output sig-
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nal changing from a logic I (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 sig-
nal 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 (T) of an output signal
from +1.2 volts to +1.8 volts shall be less than 9 nanoseconds. The fall time
(Tf) of an output signal from +1.8 volts to +1.2 volts shall be 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 be represented by an open circuit. Modules shall incorporate
any circuits they require to sense the MID and MIP lines. The absolute cur-
rent into a grounded MID or MIP line shall be less than I milliamp. The maxi-

I 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 0.55v

i.Ts4 1-0.Th -P

I 1.8v

DATA INPUT 1.5v 1.5v

~1.2v

Figure 4-1. Set-up And Hold Timing
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BUS CLOCK V1 =2.0 +. v
SR L = 15 OHMS

PATTERN I L MODULE SIGNAL OUT
GENERATOR] UNDER

TEST TCd30 pf

*INCLUDES JIG AND PROBE CAPACITANCE

Figure 4-2. Signal Outn Test Circuit

2.4v

BUS-CLOCK - 1.5v
II -0.55v

II
- Tpd hi rlo-

I, I 1.8v

SIGNAL OUTPUT 1.5v

1.2y

- Tpd 1h L*- I / I.8v

SIGNAL OUTPUT 1 .5v

1.2v

Figure 4-3. Output Signal Timing
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Section 5

DATA LINK LAYER

5.1 INTRODUCTION.

The Data Link layer of the PI-bus is specified herein. The general pro-

tocol used by the PI-bus is defined through specification of the protocol

state transitions and the generic message sequence. Detailed requirements for

the protocol and communications sequences are specified by defining each

sequence and the rules associated with the P1-bus protocol. Responses to

exception conditions are defined.

5.2 GENERAL REQUIREMENTS.

5.2.1 INTRODUCTION.

The P1-bus uses a master-slave protocol under which communications

sequences are defined for 1) transferring messages between modules and 2)

changing bus mastership. The P1-bus communications sequences are listed in

Table 5-1. The Vie sequence shall be performed only when there is no current

bus master. All other sequences shall be performed under the control of the

current bus master.

The P1-bus uses a set of protocol state transitions to define and con-

trol the communication sequences. Protocol state transitions shall be sig-

naled on the Cycle Type (CT) lines and shall be controlled by the bus master.

The slave(s) shall operate in synchronization with the bus master and shall

signal compliance with protocol state transitions using the Acknowledge Set

(AS) lines. Slave(s) shall also use the AS lines to notify the bus master of

any uncorrectable errors that are detected.

The seven sequence states defined for the PI-bus protocol are summarized

in Table 5-2. Within each sequence state, bus states are defined to distin-

guish individual bus cycles. The specific sequences of bus states required to

perform PI-bus communications are defined under "5.3 DETAILED

REQUIREMENTS.." In this section, general requirements for the overall opera-

tion of the P1-bus are specified by reference to the sequence states and the

generic message protocol they support.
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Table 5-1. PI-bus Communications Sequences

Sequence Type Function

Mastership Sequences:

Vie Assigns bus mastership to the highest
priority module contending for
mastership through arbitration.

Tenure Pass Message Transfers bus mastership from current
bus master to another module or changes

the bus master's message priority.

Message Sequences:

Parameter Write Transfers a I word parameter and a
32 bit address from the bus master
device to the slave device(s).

Block Message Transfers up to 65,536 datum units from
slave device to master device or from
master device to slave(s). Master sends
a 32 bit address and may send 6 other
Header words. May be used to continue a
suspended message.

Bus Interface Message Transfers up to 256 words from slave bus

interface to the master device or from
master device to slave Bus Interface(s).
Master provides an 8 bit address.

Exception Sequences:

Suspend Suspends a Block Message data sequence
and transfers Resume Control Words from
the slave to the master.

Abort Abnormally terminates current sequence.
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Table 5-2. PI-bus Protocol States

Protocol State Function

Idle Bus not in use and no current bus master
defined.

Vie State following Idle. Used to select

the next bus master from one or more
contending modules. The module with
the highest priority is selected as
the next bus master.

Header State in which information is
transmitted by the master to specify

the type of message sequence, identify
modules to participate as slaves and
specify additional application dependent
information.

Header Acknowledge State following Header during which
(Header Ack) slave module(s) provide sequence status

information to the master.

Data State during which data are transferred

between the slave module(s) and the
master for Block Messages and Bus

Interface Messages.
Block Message Suspend sequences are
performed under this protocol state.

Data Acknowledge State following Data during which
(Data Ack) slave module(s) provide message status

information to the master.

Abort State used to abnormally terminate

another bus sequence.
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5.2.2 PROTOCOL STATE TRANSITIONS.

The protocol states which shall be used in P1-bus operations are illus-
trated in Figure 5-1. All state transitions shall occur on the high-to-low
transition of Bus Clock. The allowable transitions between protocol states
are specified in the sections below and in Figure 5-1.

5.2.2.1 Il

The bus shall enter the Idle state whenever all Cycle Type lines are
released. There shall be no bus master during Idle and the current bus master
priority code shall be undefined. Idle shall consist of two or more consec-
utive bus cycles in which the Cycle Type lines are released. No PI-bus oper-
ations shall be performed during Idle except that the symbol NAK (Negative
Acknowledgement) may be posted on the AS lines as specified in "5.2.3.1.2.2
Uncorrectable Errors." Vie shall be the only valid successor state to Idle.
The Idle 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 Y

The Vie state shall consist of eight bus cycles which shall be used to
select the next bus master from one or more contenders. The Vie state shall be
succeeded by the Header state except that if no bus master is selected due to
erroneous operation, the bus shall return to the Idle state.

5.2.2.3 Header.,

A bus master's tenure shall begin when the Header state is entered from
the Vie state or from the Header Acknowledge state of the Tenure Pass message.
The current bus master's tenure shall continue when the Header state is
entered from the Header Acknowledge state of the Parameter Write sequence,
from the Data Acknowledge state or from the Abort state. During the Header
state, the bus master shall transmit header information across the bus on two
or more bus cycles.

The Header shall specify the type of message sequence to be performed,
identify the modules required to participate in the sequence as slaves and
define the number of data transfer cycles required for the sequence. The Head-
er state shall be succeeded by the Header Acknowledge state except that Abort
may be entered to terminate the sequence.

5.2.2.4 Header Acknowledge.

The Header Acknowledge state shall be used to transmit message status
from the slave module(s) to the master. The transitions out of the Header
Acknowledge state shall be as specified below:

1. For a Parameter Write message sequence, the successor states to Header
Acknowledge shall be Header, Idle and Abort. A transition to Header
shall initiate a new message and extend the the current bus master's ten-
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ure. A transition to Idle shall terminate the current bus master's ten-

ure. Abort may be entered to terminate the Parameter Write message.

2. For Block Message and Bus Interface Message sequences, the successor
states to Header Acknowledge shall be Data and Abort. A transition to
Data continues the current bus master's tenure. Abort may be entered to
terminate the message.

3. For a Tenure Pass Message sequence, the successor states shall be Header
or Abort except that when the intended next bus master does not require
or fails to acquire bus mastership, the successor state shall be Idle.
The current bus master's tenure shall end at the conclusion of a Tenure
Pass Message Header Acknowledge (HAZ) and the new bus master's tenure

shall begin on the next cycle with entry into the Header state. Abort
may be entered from a Tenure Pass Message except on the last cycle (cycle
HAZ) of the message.

5.2.2.5 Data.

The Data state shall consist of a sequence of Data transfer cycles per-
formed as part of a Block Message or Bus Interface Message. Data may be trans-
ferred from the master to the slave(s), defined as a write sequence, or from
the slave to the master, defined as a read sequence. For Block Message
sequences only, the Data sequence may be suspended by entry into the Suspend
state. Unless a Data sequence is suspended or terminated by entering Abort,
the successor state to Data shall be Data Acknowledge.

5.2.2.6 Suspend.

The Suspend state shall be used to signal the pending interruption of a
Block Message Data sequence as specified in the detailed requirements (see

"5.3.5.1 Suspend."). A suspended Block Message Data sequence can be resumed

by another Block Message whose header contains the appropriate Resume Control

Words. The successor state to Suspend shall be Data Acknowledge except that

the sequence may be terminated by entering Abort.

5.2.2.7 Data Acknowledge.

The Data Acknowledge state shall be used to transfer acknowledge infor-

mation from the slave(s) to the master during a Block Message or Bus Interface

Message sequence. The successor states to Data Acknowledge are Header, Idle

and Abort. A transition to Header shall initiate a new message and extend the

the current bus master's tenure. A transition to Idle shall terminate the

current bus master's tenure. Abort may be entered to terminate a message.

5.2.2.8 Abort.

The Abort state shall consist of four consecutive bus cycles in which

the Abort cycle type is posted on the CT lines. The successor states to Abort

shall be Header and Idle. A transition to Header shall initiate a new message

and extend the the current bus master's tenure. A transition to Idle shall
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terminate the current bus master's tenure.

5.2.2.9 Tenure Limitations.

5.2.2.9.1 Bus Request To Vie Interval.

When Bus Request is asserted, the bus master shall limit the number of
bus cycles remaining in the current tenure to the sum of the bus cycles speci-
fied by the contents of the Vie Interval A Register plus the contents of the

Vie Interval B Register plus six cycles (see "5.3.7.3.4 Via Interval A Regis-

ter - Address 3." and "5.3.7.3.5 Vie Interval B Register - Address 4.").

Seotion "5.3.3.3 Bus Request." specifies procedures which the bus master
shall use to relinquish tenure and permit a Vie sequence in response to Bus

Request.

5.2.2.9.2 Absolute Tenure Limit.

PI-bus modules shall internally limit each of their individual tenures as
bus master to a maximum of 2Q*N24)+8 bus cycles. The cycle count shall begin

with the first HO cycle of the master's tenure and shall include all bus

cycles (including non-transfer cycles). Each module shall provide a hardwired

mechanism to automatically force all signal outputs from the module to end

tenure such that this tenure limit is not exceeded. The module may resume
normal operation, including vying for the bus, after allowing the bus to be in

the Idle state for a minimum of two cycles.
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I HEE NOTi. VIE EOT

. PARAMETE RI

WRITE

TEUR EOM

PASS
EOT

ABORT I

-4 EOT HEADER

PARAMETER ACK

WRITE

KEY:

EOM - END OF MESSAGE

EOT- END OF TENURE DATA M I I

ACK -ACKNOWLEDGE I

INTRA TENURE TRANSITIONS

DATAi IIII

INTER TENURE TRANSITIONS ACK ABORT

EOT EOM i

EXCEPTION TRANSITIONS BLOCK MESSAGE BLOCK MESSAGE

-- -= No BUS INTERFACE MESSAGE BUS INTERFACE MESSAGE

Figure 5-1. P1-bus Protocol State Diagram
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5.2.3 GENERIC MESSAGE.

The generic message sequence that forms the basis for the PI-bus message
sequences is described in this section. The Vie sequence is specified in
"5.3.3 Bus Mastership." and the exception sequences are specified in
"5.3.5 Exception Sequences.."

Table 5-3 illustrates the generic PI-bus message sequence which shall be
composed of Header, Header Acknowledge, Data and Data Acknowledge sequences
that correspond to the protocol states described in the preceding section.

5.2.3.1 Generic Messace Sequence.

5.2.3.1.1 Normal Operation.

The Data (D) lines transfer information between the master and slave
modules to accomplish the following:

1. signal the type of message sequence to be performed;

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

3. transfer data between the master and the slave(s); and

4. transfer acknowledge information from the slave(s) to the master.

The bus master shall use Type 32 message sequences only when the master and
all modules selected as slaves for that sequence are operating as Type 32 mod-
ules on a Type 32 bus. For a Type 32 bus, Type 32/Type 16 message sequence
selection can be made on a message-by-message basis and thus may vary during
the bus master's tenure.

The Cycle Type (CT) and Acknowledge Set (AS) lines shall provide hand-
shaking between the master and slave(s) to control the sequence of bu- states.
The AS lines shall also be used by the slave(s) to report errors.

5.2.3.1.1.1 . The bus master shall initiate a message sequence by
transmitting Header information on the D lines. The bus master shall post the
symbol HO on the Cycle Type (CT) lines during the first bus cycle of Header
transfer and shall post H for each of the remaining bus cycles of header
transfer.

The header shall specify the module(s) which are selected as slave(s) for
the message sequence. Active module(s) which are addressed by the slave ID
field of HWA shall become slaves on the third cycle of Header transfer.
Slaves shall signal their participation in the message by posting the symbol
RCG (Recognize) on the Acknowledge Set (AS) lines beginning with the third
cycle of header transfer and continuing until header transfer is complete.
Modules shall cease being slaves when the current message is closed by a nor-

I mal completion, Abort or Suspend. Modules may also cease being slaves in
I response to specific slave defined conditions. All modules shall ensure that
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Table 5-3. Generic PI-bus Message Sequence

PROTOCOL BUS STATE

SIGNAL LINES HEADER HEADER DATA DATA
ACKNOWLEDGE ACKNOWLEDGE

DATA Header Acknowledge Data Acknowledge

Source= Master Slave(s) Master (Write) Slave(s)
Slave (Read)

CYCLE TYPE HO H A D A
(S)

Source=Master

ACKNOWLEDGE NS NS RCG ACK RCG ACK

Source= Slave Slave Slave Slave

the AS lines are released during the first two cycles of Header except that
NAK shall be asserted as specified in "5.2.3.1.2.2 Uncorrectable Errors" to
report errors from the preceding sequence.

5.2.3.1.1.2 Header Acknowledae. The Header Acknowledge sequence shall fol-
low the Header sequence. A single Header Acknowledge transfer cycle shall be
used for all single slave sequences. The Tenure Pass Message sequence shail
include an additional (non-transfer) cycle to ensure a proper transition of
mastership. The bus master shall post the Header Acknowledge Cycle (A) symbol
on the CT lines during the Header Acknowledge cycle in which the slave is
scheduled to post the slave Acknowledge word. The slave shall indicate syn-
chronization with the bus master by posting ACK on the AS lines during the
Header Acknowledge cycle. Five Header Acknowledge transfer cycles shall be
used for a multiple slave sequence. During the first multiple slave header
acknowledge cycle, all slaves post a message status symbol on the data lines
and the ACK symbol on the AS lines. During each of the four remaining acknowl-
edge cycles, eight of the thirty-two modules are assigned a bit position on
the data lines upon which to post an acknowledge bit and shall indicate syn-
chronization with the bus master by posting ACK on the AS lines.

The Header Acknowledge sequence shall complete the Tenure Pass Message
and Parameter Write Message. The Block Message and Bus Interface Message
sequences shall continue with a Data sequence consisting of one or more data
transfer bus cycles.
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5.2.3.1.1.3 ata. The bus master shall post the symbol D during each cycle

of the Data sequence. The slave module(s) shall post RCG during each cycle of

the Data sequence. The bus master shall transmit data during write sequences

and the slave shall transmit data during the read sequences.

5.2.3.1.1.4 Data Acknowledoe.. The Data sequence shall be followed by a

Data Acknowledge sequence. The Data Acknowledge sequence is identical in form

to the Header Acknowledge sequence. Block Messages and Bus Interface Messages

shall be concluded at the end of the Data Acknowledge sequence.

5.2.3.1.2 Operation Under Exception Conditions.

5.2.3.1.2.1 Block Messace Suspend. The Data sequence of a Block Message may

be suspended by the bus master to permit higher priority communications. The

Suspend sequence shall be performed as defined in "5.3.5.1 Suspend.."

5.2.3.1.2.2 Uncorrectable Errors. Modules which are slaves shall signal

uncorrectable detected errors by posting the symbol HAK on the AS lines and

providing an error log in the Acknowledge words as specified herein. Modules

shall post the symbol HAK in response to an uncorrectable error which occurs

during a Vie or during a Tenure Pass Message sequence.

A module that detects an uncorrectable error which applies to the opera-

tion of bus cycle N shall post the symbol NAK on bus cycle N+2. If the

detected error occurred during the last two cycles of a message, the resultant

HAK occurs during the first two cycles of the following message or Idle. Mod-

ules which are not slaves nor contenders in a particular message sequence

shall not otherwise post HAK during that sequence.

Slave modules shall record detected error conditions for the current

message in the single slave Acknowledge word or Multicast Acknowledge Register

as appropriate. The Bus Interface should also notify tne device of any
detected errors. When an Acknowledge Word is transmitted on the bus or stored
into the Multicast Acknowledge Register, the error field shall not include

errors which apply to the immediately preceding bus cycle.

NAK shall have no specified effect on the resulting operation of the

PI-bus other than that when NAK occurs or the asserted state of an Acknowledge

word error bit is detected, the master Bus Interface should report that fact

to the master device. The protocol provides the Abort sequence as a means for

the message to be terminated if required by the device.

5.2.3.2 generic Header Definition.

The PI-bus protocol defines message headers consisting of two to ten

words. The first header word, Header Wurd A (HWA), shall be used in all mes-

sage sequences to define 1) the type of message and 2) the slave modules for

that message. The number of scheduled cycles in a message shall be defined by

the message type and a datum transfer cycle count which shall be given implic-
itly in HWA or explicitly in the second header word, Header Word B (HWB). For

the Bus Interface Message, HWB shall also contain an eight bit virtual address
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for the Bus Interface registers. The 32 bit virtual address used in Block and

Parameter Write messages shall be contained in the third and fourth header

words, Header Word CO (HWCO) and Header Word Cl (HWCl). Block

Message-extended header sequences provide six additional header words, HWDO

through HWD5, for application dependent uses.

The generic format for Header Word A (HWA) is defined in this section.

Formats for the remaining Header words are specific to each message sequence

and are defined 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 fields of HWA shall be as specified below.

5.2.3.2.1.1 Slave Identification (ID) Field. The Slave ID field of HWA shall

specify the modules required to participate in the message sequence as slaves.

The Slave ID field shall provide an eight bit virtual slave address. The vir-

tual slave address (Slave ID) range shall be partitioned into 32 single slave

physical addresses, a slave broadcast address and 223 optional logical slave

addresses. The broadcast Slave ID shall select all active modules as slaves,

including the bus master module.

The logical Slave ID's shall be used only to define aliases for individ-

ual slave physical addresses or sets of slave physical addresses. The use of

a logical Slave ID rather than a physical Slave ID in addressing a module

shall not elicit any slave module response other than that which would have

been produced by using the module's physical Slave ID. A Slave ID value of 0

to 31 shall specify the single module whose Module Identificatfon matches the

Slave ID field. A Slave ID value of 32 shall select all active modules as

slaves. The Slave ID values 33 to 255 shall select any active modules with the

given Slave ID enabled. The number of modules which respond to each of the

logical Slave ID values 33 to 255 is system dependent. This means that Slave

ID values 33 - 255 can be used for single slave messages or multiple slave mes-

sages depending on the application.

During message sequences where 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 complete standard bus message sequence can be observed en the bus

lines.

5.2.3.2.1.2 Format Field (F). The Format field shall specify whether the

message sequence will be performed using 16 bit (Type 16) transfers or 32 bit

(Type 32) transfers. The master device must insure that 32 bit transfers are

used only when no Type 16 module is selected as a slave.

5.2.3.2.1.3 Message Type Field (MSG TYPE). The Message Type field shall

specify the type of message sequence to be performed according to the values

in Table 5-4. The master device must ensure that only the multiple slave Mes-

sage Types are used when more than one module is selected by the Slave ID
field.
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5.2.3.2.1.4 Access Type Field (AT). The Access Type (AT) field shall be
passed from the master device to the slave module for use as defined herein
and listed in Table 5-5.

Application specific AT codes may be used to classify the type of device
access to be performed during a particular message. Typical uses are 1) to
specify direct or indirect addressing, 2) to specify address increments. 3) to
specify device dependent interpretations for extended header words and 4) to
access specific processes in the device.

For Block Messages, bit 13 shall be used to signal the device that the
current message is a now Block Message (bit 13 = 0) or a resumption of a previ-
ously suspended Block Message (bit 13 = 1).

For Bus Interface Messages, the code 000 shall be used to access the
Data Link address space. The Bus Interface physical and Data Link layers
shall not utilize any AT field information except that contained in a Bus
Interface Message. Codes 001 through 011 shall be reserved for future use by
higher level protocols. Higher level protocols, such as those which provide
communications between modules on different backplanes, are beyond the scope
of this specification.

Reserved AT codes shall be defined only by future versions of this spec-
ification.

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

AT MSG TYPE F SLAVE ID

12 1 1 10.1E98 71 61 51 4I 1 3 2j 1l1
MSB LSB

(33 to 255 - LOGICAL ID)
(32 - BROADCAST ID)

(0 to 31 - PHYSICAL ID)

FORMAT - 0 = 16 BIT TRANSFER

- 1 = 32 BIT TRANSFER

MESSAGE TYPE (see Table 5-4)

ACCESS TYPE (see Table 5-5)
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Table 5-4. Message Type Codes

SINGLE OR READ MESSAGE
MESSAGE TYPE MULTIPLE OR TYPE CODE

SLAVES WRITE HWA <12..9>

PARAMETER WRITE SINGLE WRITE 0 0 0 1

MULTIPLE WRITE 0 0 1 1

BLOCK MESSAGE
-SHORT HEADER SINGLE WRITE 0 1 0 1

SINGLE READ 0 1 0 0
MULTIPLE WRITE 0 1 1 1

-EXTENDED HEADER SINGLE WRITE 1 1 0 1
SINGLE READ I 1 0 0
MULTIPLE WRITE 1 1 1 1

TENURE PASS SINGLE WRITE 1 0 1 0

BUS INTERFACE SINGLE WRITE 1 0 0 1

SINGLE READ 1 0 0 0
MULTIPLE WRITE 1 0 1 1

NOTE: Codes not listed above are reserved.
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Table 5-5. Access Type Codes

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 0 - 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 Acknowledoement.

Header and Data Acknowledge sequences have the same form and use the

same word formats. There are two basic formats for the acknowledgement, sin-

gle slave and multiple slave. The single slave Acknowledge sequence shall be

used when the Sequence Type field in HWA specifies a single slave sequence and

the multiple slave Acknowledge sequence shall be used whenever the Sequence

Tyr- field in HWA specifies a multiple slave sequence. The single slave

Acknowledge sequence transfers one word of message status information from the

slave to the master. The multiple slave Acknowledge sequence transfers I)

eight bits of aggregate message status information from the slaves to the mas-

ter and 2) an individual bit of message status information from each of the 32

possible slave devices to the master.
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5.2.3.3.1 Single Slave Acknowledge.

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

The Single Slave Acknowledge Word shall be transmitted from the slave to
the master during the Header and Data Acknowledge cycles of each single slave
sequence. The master Bus Interface should pass the Single Slave Acknowledge
Word to the master device.

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

5.2.3.3.1.1 Slave Module Identification Field (MID). The Slave Module Iden-
tification field shall contain the MID for the slave.

5.2.3.3.1.2 Acknowledae Word Tyop Field (AWT). The Acknowledge Word Type
(AWT) field shall contain a two bit binary code as specified in Figure 5-3.
An AWT code of 00 shall specify that the slave has closed the message sequence
with this header or data acknowledge, as appropriate. In conjunction with an
S field value of 1, an AWT of 00 shall specify message complete. In conjunc-
tion with an S field value of 0, an AWT of 00 shall specify that the Acknowl-
edge Word completes the slave's response to a Suspend sequence as specified in
"5.3.5.1 Suspend.." AWT codes 01, 10 and 11 shall specify that the slave is
acknowledging the completion of the header sequence. The codes 01 and 10 fur-
ther specify that the slave will respond to a Data sequence suspend with two
or eight Resume Control Words, respectively. The S field code shall be 0 for
an AWT code of 01 or 10. An AWT code of 11 shall further specify that the
slave cannot perform a suspend sequence during the current message. The S
field code shall be 1 for an AWT code of 11. The slave shall use an AWT code
of 11 and an S code of I for any Bus Interface Message Header Acknowledge,

I since these messages are not suspendable.

5.2.3.3.1.3 Error.sLFild. The slave module shall specify detected errors in
bits 7 through 13 of the Acknowledge word. Errors reported in the Header
Acknowledge Word shall be those errors that originate in the current message
from the start of the Header through the second cycle prior to the Header
Acknowledge. Errors reported in the Data Acknowledge Word shall be those
errors that originate in the current message from one cycle prior to the Head-
er Acknowledge through the second cycle prior to the Data Acknowledge. In
addition to logging current message error indications, the Bus Interface
should report detected errors to the device at the time of detection.
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The definition of each error type in the single slave acknow.edge word
shall be as listed below:

Correctable Line Error A signal line error has been detected and cor-
rected.

Uncorrectablu Line Error A signal line error that cannot be corrected
has been detected.

Sequence Error The Cycle Type, Acknowledge Set, Wait and Bus
Request line sequence of states is not in
agrement with defined protocol sequences or
rules.

Protect Error A Bus Interface Message write operation has
been attempted which is write protected.

Command Error A Header Word A has been received which is not
in agreement with the defined protocol or or
the slave is unable to perform the commanded
operation because the current bus master's pri-
ority code is unknown; or a message has been
received which is not in agreement with the
defined format for the slave device.

Resource Not Present Error A resource or capability that it rot imple-
mented has been addressed in this module.

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

5.2.3.3.1.4 Busy Field (B). The slave module shall specify in bit 14 of the
Acknowledge word whether the slave device is Busy or not Busy. The device
shall be recorded as Busy only when the device is unable to accept an other-

I wise valid message becausa of other operations in progress. The slave module
I shall post the normally scheduled acknowledge word type. The master should
abort any sequence in which the slave device is specified as Busy. The master
may retry the message at a later time.

5.2.3.3.1.5 Suspend Field (S). The slave shall specify in bit 15 of the
Header Acknowledge Word whether the message is suspendable or not suspendable.
Only Block Messages may be specified as suspendabla. The slave shall specify
in bit 15 of the Data Acknowledge Word whether the Data Acknowledge is in
response to a Suspend sequence or the completion of the message.
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Figure 5-3. Single Slave Acknowledge Word Format - Data Lines

S a ERRORS ANT SLAVE MID

15[14 13112111110[ 9[ 37 41j 12141L
I I I I I I MSB LSB

<-- 1= ERROR ------ >
<-- 0= NO ERROR ---- > SLAVE MODULE IDENTIFICAs*ION

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

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

10 - HEADER COMPLETE, DATA EXPECTED,
(SO) SUSPENDABLE, 8 RC WORDS

Il1 - HEADER COMPLETE, DATA EXPECTED.
(5=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 - SUSPENDABLE
1 - NOT SUSPENDABLE

DATA ACKNOWLEDGE: 0 - MESSAGE SUSPENDED
1 - MESSAGE COMPLETE
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5.2.3.3.2 Multiple Slave Acknowledge.

A Multiple Slave Acknowledge sequence shall consist of one bus transfer
cycle to transmit aggregate message status and four bus transfer cycles to
transmit individual acknowledge bits. The first transfer cycle shall be used
by each slave to transmit a Message Status Word to the master. The individual
Message Status Words shall be wire-ORed on the bus to form an aggregrate Mes-
sage Status Word. The remaining four transfer cycles shall be used to trans-
mit multiple slave Acknowledge symbols from the slave(s) to the master. The
five transfer cycles are labeled HAD, HAl, HA2, HA3 and HA4 for a Multiple
Slave Header Acknowledge sequence or DAD, DAL, DA2, DA3 and DA4 for a Multiple

Slave Data Acknowledge sequence.

During cycles HAG and DAD, slave modules shall transmit a Message Status
word to the master using Data lines <15.. .0>. The format of the Message Sta-
tus word shall be as defined in Figure 5-4 and Figure 5-5. Data lines

<15.. .8> shall have the same meaning as bits <15.. .8> of the Single Slave
Acknowledge Word and these bits shall be replicated on Data lines <7... 0>,
respectively, to permit error checking. If there is an uncorrectable error in

the Data line group, the module shall assume that both lines in any affected
pair of redundant lines are asserted. For Class EC messages, bits <15.. .8>
shall also be replicated on Date Check lines <7.. .0>, respectively, to permit

error correction. Modules shall not assert any Data Group line on cycle HAG
or DAG other than the lines defined above. The Master Bus Interface should
pass the aggregate Message Status to the master device.

Errors reported in the Multiple Slave Header Acknowledge word cycle HAD
shall include those errors that originate in the current message from cycle HO
through the second cycle prior to cycle HAG. During multiple slave Bus Inter-

face Message and Block Message sequences, errors reported in the Multiple
Slave Data Acknowledge word during cycle DAD shall include those errors that
originate from one cycle before HAG through the second cycle prior to cycle

DAG.

Header acknowledge cycles HAI through HA shall be used to transfer "Ac-

knowledge" multiple slave acknowledge symbols from the slave(s) to the master.
Slave modules with MID values 0 through 7 shall post the "Acknowledge" symbols

shown in Table 5-6 and Table 5-7 on the Data Group during cycle HAI. Slave
modules with MID values 8 through 15 shall post their "Acknowledge" symbol
during cycle HA2 of the sequence. Slave modules with MID values 16 through 23
shall post their "Acknowledge" symbol during cycle HA3 of the sequence and
slave modules with MID values 24 through 31 shall post their "Acknowledge"
symbol during cycle HA of the sequence. Modules shall not assert any Data
Group line other than the lines included in their symbol on their assigned

Acknowledge cycle.

Data acknowledge cycles DAL through DA shall be used to transfer the
"Acknowledge" or "No Acknowledge" multiple slave acknowledge symbols defined
in Table 5-6 and Table 5-7 from the slave(s) to the master. The "Acknowledge"

multiple slave Acknowledge symbol shall be posted on the Data Group during the
assigned cycle of a Data Acknowledge sequence when the module is a slave and
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has detected no uncorrectable errors in the current sequence. Otherwise the
slave shall post "No Acknowledge" during the assigned Acknowledge cycle.
Slave modules with MID values 0 through 7 shall post their multiple slave
Acknowledge symbol on tI.a Data Group during cycle DA1. Slave modules with MID

I values 8 through 15 shall post their multiple slave Acknowledge symbol during
cycle DA2 of the sequence. Slave modules with MID values 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 the sequence. Modules shall not
assert any Data Group line other than the lines included in their symbol on
their assigned Acknowledge cycle.

The multiple slave Acknowledge symbols posted by the slave(s) during a
particular Acknowledge cycle shall be logically OR'ed on the bus to produce
one of the four Multiple Slave Acknowledge Words (AWMl, AWM2, AWM3 or AWM4)
which shall be used during each multiple slave acknowledge sequence. The mas-
ter Bus Interface should pass the Multiple Slave Acknowledge Words to the mas-
ter device.

In addition to posting their assigned acknowledge symbol, slave modules
shall post the symbol ACK (or HAK if required in response to an error) on the
AS lines during their assigned Acknowledge cycle. Slave modules shall post
the symbol HS (or HAK if required in response to an error) on the AS lines dur-
ing the Acknowledge cycles in which they are not assigned to post their
Acknowledge symbol.

Errors shall be logged during multiple slave sequences as specified for
single slave sequences. A multicast sequence acknowledge word which has the
same format and information that a Single Slave Acknowledge Word would have
had if the sequence had been a single slave sequence shall be stored in the
Multicast Acknowledge Register (see "5.3.7.3.1 Multicast Acknowledge Regis-
ter - Address 0.") on the slave's assigned Header Acknowledge cycle. During
multiple slave Bus Interface Message and Block Message sequences, a word
equivalent to the Data Acknowledge word for a single slave sequence shall be
formed. The acknowledge information stored in Multicast Acknowledge register
bits <14..7> on the Header Acknowledge cycle shall be logically OR'ed with
bits <14..7> of the equivalent single slave Data Acknowledge word and the
result stored in bits <14..7> of the Multicast Acknowledge register on the
slave's assigned Data Acknowledge cycle. Bit <15> and bits <6..0> of the
equivalent single slave Data Acknowledge word shall be stored in Multicast
Acknowledge Register bit <15> and bits <6..0>, respectively, on the slave's
assigned Data Acknowledge cycle. All detected errors should be reported to
the device at the time of detection.
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Figure 5-4. Multiple Slave Status Word Format (AWMO) - Data Lines

S B ERRORS S B ERRORS

15 141jo9 7 61 5 41 31 2 1 0

I I I i i I I I I I 1I
<-- 1= ERROR ---> <-- BITS <15.. .8> --- >

<-- 0= NO ERROR-> REPEATED

J 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
I - MESSAGE COMPLETE
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Figure 5-5. Multiple Slave Status Word Format - Data Check Lines

(Used only for Class EC)

S B ERRORS

I I I I I
<-- 1= ERROR --- >
<-- O NO ERROR->

LUNCORRECTABLE 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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Table 5-6. Multiple Slave Acknowledge Symbol Formats (Four Words)

MODULE ID ASSIGNMENT DATA LINES

AMI AWM2 AWM3 AWM4 15 14 13 12 11 10 9 8 7 6 5 41 3 2 1 0

0 8 16 24 0 0 0 0 0 0 0 A 0 0 0 a 0 0 0 A

1 9 17 25 0 0 0 0 0 A1 0 0 0 0 0 0 A 0

2 10 18 26 0 0 0 0 0 A 0 0 0 0 0 0 0 A 0 0

3 11 19 27 0 0 0 0 A 0 0 0 0 0 0 0 A 0 0 0

4 12 20 28 0 0 0 A 0 01 0 0 0 0 0 A 01 0 0 0

5 13 21 29 0 0 A 0 0 0 0 0 0 0 A 0 0O 0 0 0

6 14 22 30 0 A 0 0 0 0 0 0 0 A 0 0 0 0 0 0

7 15 23 31 A 0 0 0 0 0 0 0 A 0 0 0 0 0 0 0

A) O:HO ACKNOWLEDGE / I:ACKNOWLEDGE
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Table 5-7. Multiple Slave Acknowledge Symbols (Four Words)

Data Check Line Formats (Used only for Class EC)

MODULE ID ASSIGNMENT DATA CHECK LINES

AWMi AWM2 AWM3 AWM4 7 6 5 4 3 2 1 0

0 8 16 24 0 0 0 0 0 0 0 A

1 9 17 25 0 0 0 0 0 0 A 0

2 10 18 26 0 0 0 0 0 A 0 0

3 11 19 27 0 0 0 0 A 0 0 0

4 12 20 28 0 0 0 A 0 0 0 0

5 13 21 29 0 0 A 0 0 0 0 0

6 14 22 30 0 A 0 0 0 0 0 0

7 15 23 31 A 0 0 0 0 0 0 0

A) 0:HO ACKNOWLEDGE / 1:ACKNOWLEDGE
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5.3 DETAILED REQUIREMENTS.

5.3.1 INTRODUCTION

Detailed requirements for the PI-bus Data Link protocol are specified in
this section. The bus states which govern the cycle-by-cycle operation of the
bus are defined and their relationships to the protocol states are given. The
bus mastership protocol is specified, including requirements for the use of
BVs Request. All PI-bus communications sequences are specified by sequence
diagrams which show the scheduled sequence of bus states and corresponding
module operations. Any sequence not specified herein shall be considered
invalid.

The protocol for using Wait to insert non-transfer cycles into a message
sequence is specified. The Data Link facilities which are required to be
accessible over the bus are defined. Finally, bus response to error condi-
tions is specified and bus diagnostics techniques are defined.

5.3.2 BUS STATE DEFINITIONS.

The protocol states defined in "5.2 GENERAL REQUIREMENTS." consist of
sequences of bus states. The bus states shall define the information content

of each bus cycle. Table 5-8 lists the bus states along with their corre-
sponding Cycle Types and the protocol states in which they appear.
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Table 5-9. Bus State Definitions

BUS PROTOCOL
STATES CT STATE COMMENT

I I Idle Bus Idle cycle.

VO .. V3 V Vie Vie priority bits resolved, 3 per step.

VZO .. VZ3 V Vie Non-Transfer cycle for vie decision time.

HO HO Header First cycle of header transfer.

HI .. H9 H Header Additional cycles of header transfer.

HZ H Header Non-Transfer cycle for decision time.

HAO A Header Ack Single slave or first multicast
Header Acknowledge.

HAI .. HA4 A Header Ack Additional multicast header acknowledge.

HAZ A Header Ack Non-Transfer cycle for decision time.

D D Data Datum transfer cycles.

DZ D Data Non-Transfer cycle for decision time.

DAO A Data Ack Single slave or first multicast
Data Acknowledge.

DAI .. DA4 A Data Ack Additional multicast acknowledge cycles.

SO .. 52 S Data Cycles announcing message being suspended.

ABC .. AB3 AB Abort Cycles announcing sequence being aborted.

5-25

8-59



P1-bus Specification Version 2.2

Each of the PI-bus communication sequences defined herein has a corre-
sponding sequence diagram which shows the required schedule of bus states and
the corresponding bus operations for that sequence.

The Sequence diagrams contain the following information:

Bus State Unique bus state is shown for each scheduled bus cycle.

RATA

D(31..16> Data format type or state for the most significant 16 bits of

a 32 bit bus.

D<15,.O) Data format type or state for the 16 bit bus or the least sig-
nificant 16 bits of a 32 bit bus.

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

Read Source Shows cycles where the slave CS) sources the Data during a

read sequence.

write Source Shows cycles where the master (M) sources Data during a write
sequence.

If no Source, Read Source or Write Resource is shown, data
lines are released.

Cycle Type Defines Cycle Type symbol for each scheduled bus cycle.

Source Shows the source of the Cycle Type symbol as the master (M) or

a contender (C).

ACKNOULEDGE SET

Acknowledse Defines the state of the Acknowledge Set lines for each bus

cycle. The AS lines may be driven by a single slave, by mul-
tiple slaves or by contenders in Vie. For the multiple slave

case, an NS (Not Selected) beneath ACK means that an NS symbol
may appear for that bus cycle if there are no sources for ACK
during that cycle out of the group of potential slave (S)

sources.
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Source The Acknowledge Source is shown as slave(s) (S) or
contender(s) (C) or, if not shown, the lines are released.

Source 7-0) For multiple slave case, the Source maybe any slave(s) CS)
with an MID value of 0 thru 7.

Source <15-8) For multiple slave case, the Source maybe any slave(s) (S)

with an MID value of 8 thru 15.

source <23-1) For multiple slave case, the Source maybe any slave(s) (S)

with an MID value of 16 thru 23.

Source <31-24) For multiple slave case, the Source maybe any slave(s) (S)

with an MID value of 24 thru 31.

HAZT

Allowed Defines bus cycles where Wait may be asserted. A source for

Wait is not shown in these sequences since the scheduled
sequence of bus states assumes that Wait is not asserted.

A set of four colons (::::) in a sequence diagram indicates that a number of
bus states occur in the sequence at that point.
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5.3.3 BUS MASTERSHIP.

The protocol governing bus mastership is specified herein. The Vie and
Tenure Pass Message sequences which assign bus mastership to a particular mod-
ule are defined. The protocol which allows a module with higher priority than
the current bus master to request a Vie sequence by asserting Bus Request is
specified.

5.3.3.1 Via Sequence.

The Vie sequence shall be used to determine a single bus master for the
first Header sequence which occurs after the bus enters the Idle state. The
bus master shall be selected on the basis of the Vie Priority code stored in
each contender's Vie Priority Register (see "5.3.7.3.6 Vie Priority Register
- Address 5."). The selected bus master may retain tenure or may assign ten-
ure to another module by using the Tenure Pass Message sequence defined in the
next section.

Any module that requires bus mastership may initiate Vie after two or
more cycles of Idle. Modules shall be capable of participating in a Vie
sequence 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
level of the winning module.

Due to pipeline delays, a module may attempt to initiate Vie up to one
cycle after Vie is initiated by another module. In that case, the module
which attempted to initiate the late Vie sequence shall cease to contend on
next cycle and shall complete the original Vie sequence as a non-contender.
Modules shall not attempt to initiate Vie more than one cycle after the V
cycle type has been posted on the Cycle Type lines.

The Vie sequence shall be a four step sequence as defined in Table 5-9.
Each vie step shall use two bus cycles to resolve three of the twelve bits of
Vie Priority code. Modules which are contending for bus mastership shall
decode the three most significant bits (VP<11..9>) of their Vie Priority code
into a one-of-eight Module Vie Code as shown in Table 5-10 and Table 5-11.
Modules shall initiate Vie by posting the Module Vie Code on the Data line
group and the V cycle type on the Cycle Type lines. On the following bus
cycle, contenders shall release the Data line group.
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Table 5-9. Vie Sequence

BUS STATE

SIGNAL LINES VO VZO V1 VZ1 V2 VZ2 V3 VZ3

DATA M
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> VCO 0 VC1 0 VC2 0 VC3 0
Source= C C C C

CYCLE TYPE V V V V V V V V
Source=C

ACKNOWLEDGE NS NS RCG RCG RCG RCG RCG RCG
Source: C C C C C C

WAIT 0 0 0 0 0 0 0 0

Allowed 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

N - VCx is the vie code formed by the inclusive 'OR' of the
vie codes asserted by all contending modules (C).

Modules shall read the logical-OR of the Module Vie Codes posted by the
contenders from the Data line group at the end of the first cycle of Vie (bus
state VO) as an Aggregate Vie Code (VCO). During the second cycle of each
step, each contender (C) shall compare the posted Module Vie Code to the
Aggregate Vie Code read from the bus. If the Aggregate Vie Code read from the
bus has a bit asserted in a more significant bit position than the Module Vie
Code posted by the module then the module has lost contention and shall not
drive the bus on any remaining cycles in the Vie sequence. If the contender's
posted Module Vie Code has the same bit asserted as the most significant bit
asserted in the Aggregate Vie Code the module has not lost the vie step and
shall proceed to the next Vie step as a contender. If there is an uncorrecta-
ble error in the Data line group, the module shall assume that both lines in
any affected 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 code bits VP<8..6>, VP<5..3> and VP<2..O>, respec-
tively. At the conclusion of the fourth vie step, at most one module remains
as a contender and that module shall become the new bus master. If a bus mas-
ter is selected, uniqueness is guaranteed by the five MID bits within the Vie
Priority Code. The bus master must post HO on the bus cycle immediately fol-
lowing the VZ3 cycle. If no bus master is selected due to error conditions,
the bus shall return to the Idle state.

Table 5-9 defines the detailed sequence of bus states and module actions
during the Vie sequence. The Data lines are shown as two groups of sixteen
lines each. Lines D<31..16>, if implemented, shall remain released throughout
the Vie sequence. Contending modules shall post their Module Vie Codes on
D<15..O> and, for Class EC buses only, on DC<7..O>. The Module Vie Codes
posted by the contending modules shall be logically OR'ed during the first
cycle of each vie step to form the Aggregate Vie Code for that step. Conten-
ders shall post the symbol V on the Cycle Type lines during each cycle of Vie
as illustrated. Contenders shall also post the symbol RCG on the AS lines
during each cycle of the second, third and fourth vie steps. All active mod-
ules shall post HAK on the AS lines on cycle N+2 each time an uncorrectable
Data group or Cycle Type group error which applies to the operation of bus
cycle N is detected.

Modules shall not assert Wait nor Bus Request during the Vie sequence.
Non-contenders shall not assert any line or post any symbol during the Vie
sequence other than posting HAK on the AS lines as specified above. All
active modules shall monitor the Vie sequence and record the winning bus mas-
ter's priority code. Uncorrectable Data or Cycle Type group line errors
detected during the Vie sequence shall cause the modules which do not win the
Vie sequence to store "unknown" as the current bus master's priority code.
During sub-cycle 1 of each Vie step, Data line errors for bit pairs other than
the most significant pair that has a line asserted may be considered correcta-
ble on Class ED buses since the winning priority is not affected. A module
which has "unknown" for the current bus master's priority code shall signal
"command error" to the bus master if the module becomes a slave during the bus
master's tenure (see "5.3.9 Error Detection, Recovery And Diagnostics.").
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Table 5-10. Module Vie Code Format - Data Lines

DATA LINES

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

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1

0 01 00 0 000 1 0.0 00 00 010

0 1 0 0 o 0 o o 1 0 0 00 0 0 0 10 0

0 11 0 0 0 0 1 01 0 0 0 0 0 1 0 00

100 1 0 0 0 0 0 0 0 1 0 0 00

1 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0
I 1 0 0 1 1 0 0 0 01 0 0 0 1 1 0 0 0 0 0

1 1 1 1 0 01 0 0 0 1 0 0 0 0 0 0 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 register bits for third vie step.

2 1 0 Vie Priority register bits for fourth vie stop.
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Table 5-11. Module Vie Code Format - Data Check Lines

DATA CHECK LINES

BIT 7 6 5 4 3 2 1 0

PATTERN

0 0 0 010 0 0 0 01

0 0 1 0 0 0 0 0 0 1 0

0 1 0 0 0 0 0 0 1 0 0

0 1 1 0 0 0 011 0 0 0

1 0 0 0 o o o10 0 0 0

1 0 1 0 0 1 0 0 0 0i 0

1 1 0 0 1 0 0 0 0 0 0

1 1 1 0 0 0 0 0 0 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 register
bits for third

vie step.

2 1 0 Vie Priority register
bits for fourth

vie step.
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5.3.3.2 Tenure Pass Messaae

The current bus master may use the Tenure Pass Message to assign bus
mastership directly to another module. The current bus master may also use
the Tenure Pass Message to begin a new tenure under the current or a revised
priority code. However, the Tenure Pass Message shall not be performed if Bus
Request is in the asserted state two cycles prior to the HO cycle on which the
Tenure Pass Message sequence would have started.

The formats which shall be used for the Tenure Pass Message header words
are shown in Figure 5-6. For the Tenure Pass Message, the slave ID field of
Header Word A (HbA) shall be set to the Module Identification (MID) of the
module which shall become the new Bus Master. The five leant significant bits
of HWB must be the same as the five least significant bits of HWA. Bits five
through seven of HWA must be zero. The Format (F) bit in HWA shall be 0 and
the Type 16 sequence shall be used for both Type 16 and Type 32 buses. Header
Word B (HMB) shall contain the new bus master priority code.

Figure 5-6. Tenure Pass Message Header Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

15141312 11 10 9 8 71 61 51 41 31 21 1 0

0 0 o 1 0 1 01 01 0 0 01 MID

HEADER WORD B (HWB)

15 -141 131 12 1111 10 91 81 71 61 51 41 31 21 1 01

MSB LSl MSB LSB

NEW MASTER MODULE
IDENTIFICATION (MID)

NEW MASTER LOGICAL
PRIORITY CODE

RESERVED (ZEROS)

The scheduled sequence of bus states for the Tenure Pass Message shall
be as shown in Table 5-12. Each bus state shall use one bus cycle except that
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the master or slave may insert non-transfer cycles into the sequence by
asserting Wait during the HZ and/or HAO states.

To initiate a Tenure Pass Message, 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 Message. The bus master shall post HWB on D<15..0>
and the symbol H on the CT lines for the HI state. During the HZ state, the
Data group lines shall be released and the bus master shall post H on the CT
lines. Also, the slave (S) shall post the symbol RCG on the Acknowledge Set
group lines. On the HAO state, the slave shall post the single slave Acknowl-

edge word (AWS) on D<15..0> and shall post the symbol ACK on the AS group
lines. Also, the master shall post the symbol A on the CT group lines. The
bus master shall post A on the CT lines and the slave shall post ACK on the AS
group lines during the HAZ state. The Data group lines shall be released dur-

ing HAZ.

The original bus master shall not post Abort nor post Wait on HAZ and

shall release all signal lines on the bus cycle following HAZ. The original
bus master's tenure shall end with the HAZ state and the original slave's ten-
ure as the new bus master shall begin on the next bus cycle.

All active modules shall monitor the Tenure Pass Message and shall
acquire the new bus master's priority code from HWB. Any module that detects
an error in the Tenure Pass Message shall store "unknown" as the current bus

master's priority code. 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 becomes a slave during the bus master's tenure (see "5.3.9 Error

Detection, Recovery And Diagnostics.").

The Tenure Pass Message shall not affect the Vie Priority Register of any
module.
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Table 5-12. Tenure Pass Message Sequence

BUS STATE

SIGNAL LINES HO HI HZ HAO HAZ

DATA
D<31..16> 0 0 0 0 0
D<15..0> HWA HWB 0 AWS 0
Source = M S

CYCLE TYPE HO H H A A
Source :M

ACKNOWLEDGE NS NS RCG ACK ACK
Source: S S S

WAIT 0 0 0 0 0

Allowed NO NO YES YES (1)

(1) Note: Only next master can assert wait on this cycle.
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5.3.3.3 Bus Request.

The Bus Request line shall be asserted by a module to signal the current
bus master that the module has a higher priority requirement for bus master-

ship. The module asserting Bus Request shall ensure that this condition is
met by only asserting Bus Request when the module's Vie Priority register con-
tains a higher priority code than that of the current bus master. A module
shall not assert Bus Request when the current bus master's priority code in
unknown. The current bus master shall honor Bus Request by relinquishing ten-
ure and releasing all bus signal lines by the end of the Vie Interval defined
by the sum of the bus cycles specified by the contents of the Vie Interval A
Register plus the contents of the Vie Interval B Register plus six cycles (see
"5.3.7.3.4 Vie Interval A Register - Address 3." and "5.3.7.3.5 Vie Interval

B Register - Address 4.").

The assertion of Bus Request shall be allowed on any bus cycle, except

for the cycles starting with the third cycle of Idle and continuing through

the last cycle of Vie. If a module asserts Bus Request during a Tenure Pass
Message and the new bus master acquires tenure with a higher priority than the
module asserting Bus Request, the module shall release Bus Request within six

cycles after the start of the next bus master's tenure.

The bus master shall count all bus cycles, including non-transfer cycles,

whenever Bus Request is asserted. The first cycle counted shall be the first
cycle after the cycle containing the initial assertion of Bus Request. 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 the bus in the Idle state rather than post
an HO cycle or

2. if a Block Message data sequence is in progress and the slave(s) have
indicated in the associated Header Acknowledge that suspension is

allowed, the bus master may perform a Suspend Sequence (see
"5.3.5.1 Suspend.") and release all bus lines before the total Vie Inter-
val time elapses.

If the cycle count reaches the sum of the value specified -n the Vie Interval A
Register plus the value specified in the Vie Interval B Register, the bus mas-
ter shall perform an Abort sequence such that the first cycle of the Abort

sequence occurs on the second bus cycle immediately following the cycle that
exceeds the Vie Interval limit. After completing the Abort sequence the mas-
ter shall immediately relinquish 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 Messaae.

The Parameter Write Message shall be used to transfer a one word parame-

ter from the master device to a slave or multiple slave devices. The Parame-
ter Write sequence of bus states shall be as defined in the following tables:

Type 16, single slave ---- Table 5-13

Type 16, multiple slave -- Table 5-14

Type 32, single slave ---- Table 5-15

Type 32, multiple slave -- Table 5-16

Header word formats for the Parameter Write message shall be as shown in
Figure 5-7. Header Word A shall specify the slave(s), Type 16 or 32 Format,
Access and Message Types. The Access Type field is application dependent,

except that the code 111 shall be reserved. Message Types shall be as defined

for the single slave (SS) and multiple slave (MS) cases. Header Word B shall
contain the parameter information to be passed to the device. Header Word CO
and Cl shall contain 32 bits of virtual addressing information to be passed to

the device.

The Header Acknowledge Word (AWS) shall supply current message status
information to the master from the slave for single slave sequences. For mul-

tiple slave sequences, the Multiple Slave Status Word (AWMO) shall supply cur-

rent message status information to the master. The multiple slave Header
Acknowledge Words (AWMI, AWM2, AWM3, AWM4) convey the list of slave partic-
ipants to the master.
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Figure 5-7. Parameter Write Header Word Formats

HEADER WORD A (HWIA)

AT MSG TYPE F SLAVE ID

1151413121111101 9I 8j 51 41 31~I~ 21 1I a
ACCESS O001-SS
TYPE 011-MS

HEADER WORD B (HWB)

151141131121111101 91 81 71 61 5 41 31 21 11 01

MSB 4 --------------- PARAMETER --------------- > LSB

HEADER WORD CO (HWCO)

151141131121111101 91 1 71 61_51 41 31 21 11 01

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

HEADER WORD Cl (HWC1)

1511 1 131 12 1111 101 91 81 71 61 51 41 31 21 1 01

31 < ---- MOST SIGNIFICANT ADDRESS BITS -------> 16
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Table 5-13. Parameter Write Sequence - Type 16 Single Slave

BUS STATE

SIGNAL LINES HO HI H2 H3 HZ HAD

DATA
D<31..16> 0 0 0 0 0 0
D<15..0> HMA HWB HWCO HWC1 0 AWS
Source: M M M M S

CYCLE TYPE HO H H H H A
Source:M

ACKHOWLEDGE "S HS RCG RCG RCG ACK
Source: S S S S

WAIT 0 0 0 0 0 0
Allowed NO NO YES YES YES YES
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Table 5-14. Parameter Write Sequence - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES HO HI H2 H3 HZ HAO HAl HA2 HA3 HA

DATA

D<31..16> 0 0 0 0 0 0 0 0 0 0
D<15..0> HWA HUB HWCO HMC1 0 AWMO AMl AW'M2 AWIM3 AWM4
Source: M M N M S S S S S

CYCLE TYPE HO 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)

Source(7..O): S S S S S
Source(15..8): S S S S S
Source(23..16): S S S S S
Source(31..24)= S S S S S

WAIT 0 0 0 0 0 0 0 0 0
Allowed NO NO YES YES YES YES YES YES YES YES
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Table 5-15. Parameter Write Sequence - Type 32 Single Slave

BUS STATE

SIGNAL LINES HO HI HZ HAS

DATA
D<31..16> HB HMWC1 0 0
D<15..0> HWA HWCO 0 AWS
Source= M M S

CYCLE TYPE HO H H A
Source=M

ACKNOWLEDGE NS NS RCG ACK
Source: S S

WAIT 0 0 0 0
Allowed NO NO YES YES
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Table 5-16. Parameter Write Sequence - Type 32 Multiple Slave

BUS STATE

SIGNAL LINES HO H1 HZ HAO HAI HA2 HA3 HA4

DATA
D<31..16> HW HWC1 0 0 0 0 0 0

D<15..O> HMA HWCO 0 AWMO AMMI AWM2 AWM3 AWM4
Source=  N N S S S S S

CYCLE TYPE HO H H A A A A A
Source=M

ACKNOWLEDGE NS NS RCG ACK ACK ACK ACK ACK
(NS) (NS) (HS) (NS)

Source(7..8)= S S S
Source(15..8)= S S S
Source(23..16)= 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
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5.3.4.2 Block Message - Short Header Sequence.

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

Type 16, single slave ---- Table 5-17

Type 16, multiple slave -- Table 5-18

Type 32, single slave ---- Table 5-19

Type 32, multiple slave -- Table 5-20

The header word formats for the Block Message - Short Header sequence shall be
as shown in Figure 5-8. Header Word A shall specify the slave(s) ID, Type 16
or 32 Format, Access and Message Types. Access Type field bits <15,14> are
application dependent. Bit 13 indicates whether the message is being used to
resume a previously suspended Block Message (bit 13 = 1) or send a new message
(bit 13 = 0). The Message Types shall be as defined for the single slave write
(SW), single slave read (SSR) and multiple slave (MS) cases. Header Word B
shall contain an unsigned binary datum count which specifies the number of
datum units to be transferred between the master and slave(s), except that all
zeros shall represent 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
transfers. Header Word CO and CI shall contain 32 bits of virtual addressing
information to be passed to the device. When the Block Message - Short Header
is used for resuming a suspended single slave message, Header Words CO and CL
shall be the two Resume Control Words sent from the slave to the master during
the suspend sequence and they shall be returned in the order received. When
the Block Message is used for resuming a suspended multicast message, the con-
tents of CO and Cl should be defined by application dependent convention.

The Header and Data Acknowledge Words shall supply current message status
information to the master from the slave.

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 the Type 32 sequences, data words are
shown with L or H designations. The least significant half of a double word or
a single word transmitted on data lines D<15..0> contains the L designation.
The most significant half of a double word or a single word transmitted on
data lines D<31..16> contains the H designation.
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Figure 5-8. Block Message - Short Header Word Formats

HEADER WORD A (HWA)

AT MSG TYPE IF SLAVE ID

is 1Z 14 iIi 91 16 52 41 31 2 1 0]

ACCESS 0101-SSW
TYPE 0100-SSR

0111-MS

HEADER WORD B (HWB)

15 114 1 3112 1 10 91 a1 71_61 5 41 31 21 1 01

MSB < ------------- DATUM COUNT --------------- > LSB

HEADER WORD CO (HUCO)

1.5114 113 112 1111 10 19 a & 71 61 51 41 3 12 1 101

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

HEADER WORD C1 CHWC1)

15 114 113 112 1111 101 91 a1 71 61 51 41 31 21 1 01

31 < .-.. MOST SIGNIFICANT ADDRESS BITS ------- > 16

5-44

B-78



PI-bus Specification Version 2.2

Table 5-17. Block Message - SH Sequence - Type 16 Single Slave

BUS STATE

SIGNAL LINES HO HI H2 H3 HZ HAO DO Dn DZ DAO

DATA
D<31..16> 0 0 0 0 0 0 0 0 0 0
D<15..O> HMA HWB HICO HIC1 0 AMS DO Dn 0 AWS
Source: N M M m S S

Read Source: S S S
Write Source: M M M

CYCLE TYPE HO H H H H A D D D A
Source:MI

ACKNOWLEDGE NS HS RCG RCG RCG ACK RCG :::: RCG RCG ACK
Source: S S S S S S S S S

WAIT 0 0 0 0 0 0 0 :::: 0 0 0
Allowed NO NO YES YES YES YES YES YES YES YES YES
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Table 5-18. Block Message - SH Sequence - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES HO Hi H2 H3 HZ HAO HAl HA2 HA3 HA

DATA
D<31..16> 0 0 0 0 0 0 0 0 0 0
D<15..0> HWA HIB HWCO HWC1 0 AWMNO AWMI AWM2 AWM3 AWM'
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 HS HS RCG RC3 RCG ACK ACK ACK ACK ACK
(HS) (NS) (HS) (NS)

Source(7..O)= S S S S S
Source(15..8)=  S S S S S
Source(23..16): S S S S S

Source(3l..2*)= S S S S S

WAIT 0 0 0 0 0 0 0 0 0 0
Allowed NO No YES YES YES YES YES YES YES YES
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Table 5-18. Block Message - SH Sequence - Type 16 Multiple Slave (continued)

BUS STATE

SIGNAL LINES DO :t:: Dn DZ DAO PAl DA2 DA3 DA4

DATA
D<31..16> 0 ::: 0 0 0 0 0 0 0
D<15..C> DO Dn 0 AWMO AWM1 AWM2 AWM3 AWM
Source= M M M S S S S S

CYCLE TYPE D :::: D D A A A A A
Source:M

ACKNOWLEDGE RCG RCG RCG ACK ACK ACK ACK ACK
CNS) CNS) (NS) (NS)

Source(7..O)= S S S S S S
Source(15..8): S S S S S S
Source(23..16)= S S S S S S
Source(31..24)z S S S S S S

WAIT 0 :::: 0 0 0 0 0 0 0

Allowed YES YES YES YES YES YEYESES YES YES
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Table 5-19. Block Message - SH Sequence - Type 32 Single Slave

BUS STATE

SIGNAL LINES HO HI HZ HAO DO Dn DZ DAO

DATA
D<31..16> HWB HWC1 0 0 DON :::: DnH 0 0
D<15..C> HWA HWCO 0 AWS DOL DnL 0 AWS
Source= M M S S

Read Source: S S S
Write Source: M M M

CYCLE TYPE HO H H A D D D A
SourceMI

ACKNOWLEDGE NS NS RCG ACK RCG RCG RCG ACK
Source: S S S S S S S

WAIT 0 0 0 0 0 0 0 0
Allowed NO NO YES YES YES YES YES YESI YES
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Table 5-20. Block Message - SH Sequence - Type 32 Multiple Slave

BUS STATE

SIGNAL LINES HO HI HZ HAD HAl HA2 HA3 HA4

DATA

D<31..16> HWB HWC1 0 0 0 0 0 0
D<15..0> HWA HWCO 0 AWMO AWMI AWM2 AWM3 AWM4

Source= M M S S S S S

CYCLE TYPE HO H H A A A A A

Source:M

ACKNOWLEDGE HS HS RCG ACK ACK ACK ACK ACK

(NS) (NS) (HS) (NS)
Source(7..O): S 5 S

Source(15..8)=  S S S
Source(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
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Table 5-20. Block Message - SH Sequence - Type 32 Multiple Slave (continued)

BUS STATE

SIGNAL LINES DO On DZ DAO DAl DA2 DA3 DA4

DATA
D<31..16> DOH :::: an 0 0 0 0 0 0
D<15..O> DOL':::: DnL 0 AWMO AWMI AWM2 AWM3 AWM4
Source=  M M M S S S S S

CYCLE TYPE D D D A A A A A
Source=M

ACKNOWLEDGE RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)

Source(7..O)= S S S S S S
Source(1i..&)= S S S S S S
Source(23..16)= S S S S S S

Source(31..24)= S S S S S S

WAIT 0 0 0 0 0 0 0 0
Allowed YES YES YES YES YES YES YES YES YES
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5.3.4.3 Block Messaae - Extended Header Sequence.

The Block Message - Extended Header (EH) Sequence shall be used to read

data from a single slave device to the master device or to write data from the
master device to one or more slave devices. This sequence shall be used where
more header information is required than that provided by the Block Message

short header sequence. The Block Message - Extended Header sequence of bus

states shall be as defined in the following tables:

Type 16, single slave ---- Table 5-21

Type 16, multiple slave -- Table 5-22

Type 32, single slave ---- Table 5-23

Type 32, multiple slave -- Table 5-2f

Header word formats for the Block Message - Extended Header sequence shall be

as shown in Figure 5-9. Header Word A shall specify the slave(s) ID, Type 16

or 32 Format, Access and Message Types. Access Type field bits <15,14> are

application dependent. Bit 13 indicates whether the message is being used to
resume a previously suspended Block Message (bit 13 = 1) or send a new message
(bit 13 = 0). The Message Types shall be as defined for the single slave write
(SSW), single slave read (SSR) and multiple slave (MS) cases. Header Word B

shall contain an unsigned binary datum count which specifies the number of
datum units to be transferred between the master and slave(s), except that all
zeros shall represent 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
transfers. Header Word CO and Cl shall contain 32 bits of virtual addressing
information to be passed to the device. When the Block Message - Extended

Header is used for resuming a suspended single slave message, Header Words CO
and Cl shall be the first two Resume Control words sent from the slave to the
master during the suspend sequence and shall be returned in the order
received. Header Words DO thru D5 are also application dependent and shall be

passed to the slave device. When resuming a suspended single slave message
these words shall be the last six Resume Control Words sent from the slave

during the suspend sequence and shall be returned in the order received. When

the Block Message is used for resuming a suspended multiple slave message, the
contents of HWCO, HWC1 and HWDO through HWD5 should be defined by application

dependent convention.
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Figure 5-9. Block Message - Extended Header Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

isj 1 3 12F1109 98 71 61 51 41 312 10
ACCESS 1101-SSW
TYPE 1100-SSR

1111-MS

HEADER WORD B (HWB)

151 141 131 12 1 11 e 9[ 81 71 61 51 41 31 21 1 01

MSB < ------------- DATUM COUNT --------------- > LSB

HEADER WORD CO (HWCO)

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

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

HEADER WORD C1 (HWC1)

151 141 131 12 1111 10 91 81 71 61 51 41 31 21 1 01

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

HEADER WORD DO (HWDO)

15 114 113 112 11 1 101 91 81 71_61 51_41 3 21 0

MSB LSB

N N N

N N N

HEADER WORD D5 (HWDS)

15 114 113 112 1 11 e 91 81 71 61 51 41 31 2 1T 0
MSB LSB
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Table 5-21. Block Message - EH Sequence - Type 16 Single Slave

BUS STATE

SIGNAL LINES HO HI H2 H3 H4 :::H9 HZ HAG

DATA
D<31..16> 0 0 0 0 0 ::: 0 0 0
DC15..D> HWA HI'B HWCO HWC1 HWdDO HWD5 0 AWS
Sourcez M M' M, M M M S

CYCLE TYPE HO H H H H H H A
SourcezM

ACKNOWLEDGE HS NS RCG RCG RCG :::RCG RCG ACK
Source= S S S S S S S

WAIT 0 0 0 0 0 0 0 0 0
Allowed NO NO YES YES YES YES YES YES YES
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Table 5-21. Block Message - EH Sequence - Type 16 Single Slave (continued)

BUS STATE

SIGNAL LINES DO DI D2 Dn DZ DAO

DATA
D<31..16> 0 0 0 :::z 0 0 0
D<15..O> DO Dl D2 Dn 0 AWS
Source: S

Read Source: S S S S S
Write Source: M M M M M

CYCLE TYPE D D D :::: D D A
Source:N

ACKNOWLEDGE RCG RCG RCG RCG RCG ACK
Source: S S S S S S S

WAIT 0 0 0 :::: 0 0 0
Allowed YES YES YES YES YES YES YES
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Table 5-22. Block Message - EH Sequence - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES HO HI H2 H3 H4 = H9 HZ HAO HAl HA2

DATA
D<31..16> 0 0 0 0 0 :::: 0 0 0 0 0
D<15..0> HWA HWB HWCO HWCI HWDO :::: HWD5 0 AWMO AUMI AWM2

Source: M M M M M M M S S S

CYCLE TYPE HO H H H H H H A A A

Source:M

ACKNOWLEDGE NS NS RCG RCG RCG RCG RCG ACK ACK ACK

(NS) (HS)
Source(7..O)= S S S S S S S S

Source(15..8)= 5 S S S S S S S
Source(23..16): S S S S S S S
Source(31..24)z S S 5 S S S S

WAIT 0 0 0 0 0:::: 0 0 0 0 0

Allowed NO NO YES YES YES YES YES YES YES YES YES
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Table 5-22. Block Message - EH Sequence - Type 16 Multiple Slave (continued)

BUS STATE

SIGNAL LINES HA3 HA4 DO Dn DZ DAG DAl DA2 DA3 DA4

DATA
D<31..16> 0 0 0 ::: 0 0 0 0 0 0 0
D<15..0> AWM3 AWM4 DO Dn 0 AWMO AMI AWM2 AWTI3 AWM4
Source= S S M N M S S S S S

CYCLE TYPE A A ID D D A A A A A
Source=M

ACKNOWLEDGE ACK ACK RCG ::: RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS) (NS) (NS)

SourceC7. .0)= S 5 5 5 5 S
Source(iS. .8): 5 5 5 5 5 S
SourcoC23. .16)= S S S S S S S
Source(3l. .21)z S S S S S S S

WAIT 0 0 0 ::: 0 0 0 0 0 0 0
Allowed YES1 YES1 YES:YES YES1 YE1 YES1 YES1 YES Y ES YESI
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Table 5-23. Block Message - EH Sequence - Type 32 Single Slave

BUS STATE

SIGNAL LINES HO HI H2 H3 H4 HZ HAO

DATA
D<31..16> HMB HWC1 HWD1 HWD3 HUDS 0 0

D<15..0> HMA HWC0 HMDO HWD2 HWD41 0 AWS
Source: M M M M M S

CYCLE TYPE HO H H H H H A
Source:M

ACKNOWLEDGE MS NS RCG RCG RCG RCG ACK

Source= S S S S S

WAIT 0 0 0 0 0 0 0
Allowed NO NO YES YES YES YES YES
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Table 5-23. block Message -EN Sequence - Type 32 Single Slave (continued)

BUS STATE

SIGNAL LINES DO Dl D2 ::: Dn DZ DAG

DATA
D<31..16> DON DIN D2N :: DnH 0 0
D<15..O> DOL DIL D2L t::: DnL 0 AWS

Source= S
Read Source= S S S S S
Write Source= M M M N M

CYCLE TYPE D D D ::: D D A
Source=M

ACKNOWLEDGE RCG RCG RCG ::: RCG RCG ACK
Source= S S S S S S S

WAIT 0 0 0 ..:1 0 0 0ES
Allowed YES YES -YES YES YESI YJESYE
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Table 5-24. Block Message - EH Sequence - Type 52 Multiple Slave

BUS STATE

SIGNAL LINES HO Hi H2 H3 H4 HZ HAG HAI HA2 HA3 HA4

DATA
D<31..16> HWIB NICI HWD1 HWD3 HWD5 0 0 0 0 0 0
D<15. .0> HWrA HWdCO HWDO HWD2 NkID4 0 AkIMO AbIMI AWJI2 AWtIS AWrM4
Source= M * M M II M S S S S S

CYCLE TYPE HO H H N H H A A A A A
Source:M

ACKNOWLEDGE NS NS RCG RCG RCG RCG ACK ACK ACK ACK ACK
CNS) CNS) CNS) (NS)

SourceC7. .0): 5 S 5 5 S 5
Source(15. .8): S S S S S S
Source(23. .16)z S S S S S S
Sourca(3l..24)z S S S S S

WAIT 0 0 0 0 0 0 0 0 0 0 0
Allowed INo No YESI YES YES YES YESI YESYE YSYS
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Table 5-24. Block Message - EH Sequence - Type 52 Multiple Slave (continued)

BUS STATE

SIGNAL LINES DO On OZ flAG DAl DA21 DA3 DA4

DATA
D<31..16> DOH :: DuN 0 0 0 0 0 0
D<15..D> DOL DnL 0 AMMO AWIi AWrJP2 AWM3 AWM4
Source= M N IN S S S S S

CYCLE TYPE D D D A A A A A
Source=MI

ACKNOWLEDGE RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)

Source(7..O)m S S S S S S
Source(15..S)= S S S S S S
SourcaCZ3..16)= S S S S S S
Source(31. .2(9)= 5 5 5 5 5 5

WAIT 0 0 0 0 0 0 0 0
Allowed YES YES YES YESI YES YESI YES YESYE
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5.3.4.4 Bus Interface Messaage Sequence

The Bus Interface Message shall be used to read or write to the Bus
Interface register address spaces. The Bus Interface Message sequence of bus
states shall be as defined in the following tables:

Type 16, single slave ---- Table 5-25

Type 16, multiple slave -- Table 5-26

Header word formats for the Bus Interface Message sequence shall be as shown
in Figure 5-10. Header Word A shall specify the participant slave(s), Type 16
Format, Access and Message Types. The same format shall be used for both Type
16 and Type 32 buses. Access Type code 000 is defined for the Data Link regis-
ter address space. Codes 001 through 011 shall be reserved for higher level
protocols and the code 111 shall be reserved for future use. The other codes
may be used for implementation defined registers. The Message Types shall be
as defined for the single slave write (SSW), single slave read (SSR) and mul-
tiple slave (MS) cases. Header Word B shall contain the address for the first
Bus Interface register to be accessed in the sequence and an unsigned binary
word count specifying the number of date words to be transferred between the
master and the slave(s), except that a word count of all zeros shall mean 256
words. Each data transfer after the first data transfer shall access a suc-
cessive register address. The register address shall be incremented after
each data word transfer.

Data word formats are as defined in "5.3.7 Data Link Facilities.." The
number of data words transferred shall equal the value in Header Word B.
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Figure 5-10. Bus Interface Message Header Word Formats

HEADER WORD A (HWA)

AT MSG TYPE F SLAVE ID

ACESS I1001-SSW 0

TYPE 1000-SSR
lOll-MS 10

HEADER WORD B (HWB)

1 15 114 1131121111101 91 81 71 61 51 41 31 21 -,( el
MS8 LSB MSB LSB

WORD COUNT

REGISTER ADDRESS
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Table 5-25. Bus Interface Message Sequence -Type 16 Single Slave

BUS STATE

SIGNAL LINES HO Hl HZ HAO DO Dn DZ DAO

DATA
D<31..16> 0 0 0 0 0 0 0 0
D<15..O> HbIA HWB 0 AWS DO D:: n 0 AWtS
Source= M II S S

Read Source= S S S
Write Source= N N II

CYCLE TYPE HO H H A D D D A
Source=M

ACKNOWLEDGE HS t4S RCG ACK RCG RCG RCG ACK
Source= S S S S S S S

WAIT 0 0 0 0 0: : 0 0 0
Allowed NO NO YES YES YES YES YES YES YES
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Table 5-26. Bus Interface Message Sequence - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES HO Hi HZ HAO HAI HA2 HA3 HA4

DATA
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> HWA HWB 0 AWMO AWM1 AWM2 AWM3 AWM4

Source: M M S S S S S

CYCLE TYPE HO H H A A A A A
Source:M

ACKNOWLEDGE NS HS RCG ACK ACK ACK ACK ACK
(HS) (HS) (NS) (HS)

Source(7. .0)= S S S

Source(IS..8)= S S 5
Source(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
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Table 5-26. Bus Interface Message Sequence - Type 16 Multiple Slave (continued)

BUS STATE

SIGNAL LINES DO Dn DZ DAO DAI DA21 DA3 DA4

DATA
D<31. .16> 0 ... 0 0 0 0 0 0 a
D<15..O> DO Dn 0 AWMO AWMI AWM2 AWM3 AWM4
Source= M M N S S S S S

CYCLE TYPE D D A A A A A
Source=MI 

I

ACKNOWLEDGE RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)

SourceC7. .O)= S S S S S S
Source(15. 8)z S S S S S S
Sourca(23. .16): S 5 S 5 5 S
Source(3l. .24)= S S S S S S

WAIT0: 0 0 0 0 0 0 0
Allowed YES YES YES YS YES YES YES YES YES
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5.3.5 EXCEPTION SEQUENCES.

5.3.5.1 Suped

The current bus master may elect to suspend a Block Message during the
Data sequence providing that there are at least three Data Cycles remaining
and the corresponding Header Acknowledge Word had an S of 0 and, for single
slave messages, an ANT of 01 or 10. After completing the Suspend sequence,
the current bus master may initiate a new message with an HO cycle or release
the bus to initiate the Idle state.

The Suspend Sequence may be used in conjunction with the Vie Interval A
and Vie Interval B Registers to optimize the trade-off between short bus
acquisition latency and large message sizes by allowing a Block Message to be
interrupted and resumed at a later time.

5.3.5.1.1 Single Slave Suspend.

The Suspend sequence of bus states for single slave Block Messages shall
be as defined in the following tables:

Type 16, single slave, short data ---- Table 5-27

Type 32, single slave, short data ... Table 5-28

Type 16, single slave, extended data - Table 5-29

Type 32, single slave, extended data - Table 5-30

The Short Data Sequence shall be used if the ANT field of the Single Slave
Acknowledge Word from the suspended message was 01. The Extended Data
Sequence shall be used if the ANT field was 10. In terms of the data transfer
operation, the S cycles of these sequences shall be considered normal D cycles
and all Bus Interfaces shall respond accordingly. The slave shall post ACK
during the last of the three S cycles to indicate that the Suspend Sequence
has been recognized.

Beginning on the fourth cycle of a Suspend sequence, the slave shall
transmit to the 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 transfer two Resume Control Words and the Sus-
pend - Extended Data sequences transfer eight Resume Control Words. The
Resume Control Words shall be followed by a Data Acknowledge Word.

5.3.5.1.2 Multiple Slave Suspend.

The Suspend sequence of bus states for multiple slave Block Messages
shall be as defined in the following tables:

Type 16, multiple slave ---- Table 5-31
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Type 32, multiple slave ---- Table 5-32

In terms of the data transfer operation, the S cycles of these sequences shall
be considered normal D cycles and all Bus Interfaces shall respond
accordingly. The slaves shall post ACK during the last of the three S cycles
to indicate that the Suspend Sequence has been recognized. A non-transfer DZ
cycle and a multiple slave Data Acknowledge sequence shall follow the third S
cycle. No Resume Control Words are sent from the slaves to the master.

5.3.5.1.3 Resuming Suspended Messages

A master shall resume a suspended Block Message by transmitting the
remaining data to the slave(s) in a Block Message with bit 13 of the HWA AT
field set to 1. The Resume Control Words that the slave(s) may require to

resume that message shall be sent to the slave(s) during the appropriate head-
er cycles as described in "5.3.§.2 Block Message - Short Header Sequence."
and "5.3.4.3 Block Message - Extended Header Sequence.." For a single slave
message, the Resume Control Words shall be those words transmitted from the
slave to the master during the suspend sequence. For a multiple slave
message, the Resume Control Words must be created by the master according to

the slaves' resume control requirements.

A Block Message - Short Header shall be used to resume a suspended single

slave Block Message which had an AWT field of 01 (two Resume Control Words)
and a Block Message - Extended Header shall be used to resume a suspended sin-
gle slave Block Message which had an AWT field of 10 (eight Resume Control
Words). The type of Block Message used to resume a multiple slave message
shall be determined by the slaves' resume control word requirements.

Note that the choice of a short or extended header Block Message for the
resume sequence is not determined by whether a short or extended header was

used in the suspended Block Message.

5.3.5.1.4 Using Suspend With Vie Intervals A and B

The PI-bus Vie Interval A and Vie Interval B Registers may be used by
some bus interfaces to determine when a Suspend sequence is required to meet
the Vie Interval requirement and to limit the number of non-transfer cycles
caused by assertion of Wait during a Suspend sequence. Vie Interval A may be
selected to define a checkpoint where the master bus interface determines
whether or not to suspend an incomplete Block Message. Vie Interval B may be
selected to define the number of bus cycles allowed for completion of the Sus-
pend sequence, including non-transfer cycles that may be required as a result
of Waits. If the actual number of Waits causes the total bus cycles to exceed
the number specified by the contents of the Vie Interval A Register plus the
contents of the Vie Interval B Register, the master shall perform an Abort
sequence such that the first cycle of the Abort sequence occurs on the second
bus cycle immediately following the cycle that exceeds the Vie Interval limit.
This Abort cycle shall be the first cycle in the Abort Sequence, described in
"5.3.5.2 Abort.." At the end of the Abort sequence the master shall imme-
diately release the bus to the Idle state.
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Table 5-27. Suspend - Short Data Sequence - Type 16 Single Slave

BUS STATE

SIGNAL LINES Di Di+1 Di*2 ROO RDl DZ DAO

DATA
D<31..16> a 0 0 0 0 0 0
D<15. .0> Di Di~l Di*2 RCDO RCDI 0 AWS
Source= S S S

Read Source= 5 5 5
Write Source= m N N

CYCLE TYPE S S S D D D A
Source=M

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
Source=
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Table 5-28. Suspend - Short Data Sequence - Type 32 Single Slave

BUS STATE

SIGNAL LINES Di Di+l D1+2 RDO DZ DAO

DATA
D<31..16> DiN Di+IH Di+2H RCD1 0 0
D<15..O> DiL Di+lL Di+2L RCDO 0 AWS
Source= S S

Read Source: S S S
Write Source: m m m

CYCLE TYPE S S S D D A
Source=M

ACKNOWLEDGE RCG RCG ACK RCG RCG ACK
Source: S S S S S S

WAIT 0 0 0 0 0 0
Allowed YES YES YES YES YES YES
Source=
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Table 5-29. Suspend - Extended Data Sequence - Type 16 Single Slave

BUS STATE

SIGNAL LINES Di Di+l Di+2 RDO RD1 RD7 DZ DAO

DATA
D<31..16> 0 0 0 0 0 :2:: 0 0 0

D<15..0> Di Di+l Di+2 RCDO RCD1 :::: RCD7 0 AWS

Source: S 5 S S S

Read Source= S S S
Write Source= m N 1

CYCLE TYPE S S S D D :::: D D A
Source=M

ACKNOWLEDGE RCG RCG ACK RCG RCG :::: RCG RCG ACK

Source: S S S S S S S S S

WAIT 0 0 0 0 0 :::: 0 0 0

Allowed YES YES YES YES YES YES YES YES YES
Source=
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Table 5-30. Suspend - Extended Data Sequence - Type 32 Single Slave

BUS STATE

SIGNAL LINES Di Di+l Di+2 RDO RD1 RD2 RD3 DZ DAO

DATA

D<31..16> DiH DilIH Di+2H RCD1 RCD3 RCD5 RCD7 0 0

D<15..0> DiL D+1L Di+2L RCDO RCD2 RCD4 RCD6 0 AWS

Source: S S S S S

Read Source=  S S S

Write Source= m m N

CYCLE TYPE S S S D D D D D A
Source=M

ACKNOWLEDGE RCG RCG ACK RCG RCG RCG RCG RCG ACK

Source: S 5 S 5 S S S S S

WAIT 0 0 0 0 0 0 0 0 0

Allowed YES YES YES YES YES YES YES YES YES

Source=
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Table 5-31. Suspend - Type 16 Multiple Slave

BUS STATE

SIGNAL LINES Di D1+l Di+2 DZ DAO DAl DA2 DA3 DA4

DATA
D<31..16> 0 0 0 0 0 0 0 0 0
DC15..0> D! Di+l Di*2 0 AMMO AMI AkIM2 AWM3 AWMD4
Source= M M M S S S S S

CYCLE TYPE S S S D A A A A A
Sourca=M

ACKNOWLEDGE RCG RCG ACK RCG ACK ACK ACK ACK ACK
CNS) CNS) (NS) (NS)

SourceC7..0)z S S S S S S
Source(l5. .8)= S 5 5 5 5 5
Saurce(23..16)= S S S S 5 S
SourceC3l.. 4) S S S S S 5

WAIT 0 0 0 0 0 0 0 0 0
Allowed YES YES YES IYES IYES IYESI YESI YES YES
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Table 5-32. Suspend - Type 32 Multiple Slave

BUS STATE

SIGNAL LINES Di Di+l Di+2 DZ DAO DAl DA2 DA3 DA4

DATA
D<31..16> DiH Di+lH Di+2H 0 0 0 0 0 0
D<15..0> DiL Di+lL Di+2L 0 AlMO AbMI1 AWM2 ALM3 AlM4
Source= M M M S S S S S

CYCLE TYPE S S S D A A A A A
Source:N

ACKNOMLEDGE RCG RCG ACK RCG ACK ACK ACK ACK ACK

(NS) (NS) (NS) (NS)

Source(7,.O) S S S S S S
Source(15..8)= S S S S S S
Source(23..16): S S S S S S
Source(31..24): S S S S S S

WAIT 0 0 0 0 0 0 0 0 0
Allowed YES YES YES YES YES YES YES YES YES

5.3.5.2 Abort

The Abort Sequence may be used to terminate a message prior to completion
due to errors or other reasons. No header or acknowledge words are required
for the Abort sequence. A master may initiate the Abort Sequence at any time
during its tenure, except the last cycle of a Tenure Pass Message.

The Abort Sequence shall be as shown in Table 5-33. The first three of

the four bus cycles with the AD cycle type are used to give the slave time to
recognize that an abort has occurred. The slave (or slaves in the case of mul-
ticast or broadcast) shall respond by posting ACK on the AS lines during the
third AB cycle to inform the master that an Abort has been recognized. There
are no slaves on the fourth AD cycle and the master is the only module that may
assert Wait on that cycle. After the last AD cycle, the master may continue
with the HO of another message or relinquish control of the bus by releasing
the bus signal lines.
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Table 5-33. Abort Sequence

BUS STATE

SIGNAL LINES ABO AB A82 A83

DATA
D<31..16> X X 0 0
D<15..0> X X 0 0
Source= M or M or

S S

CYCLE TYPE AB AB AB AB
Source:M

ACKNOWLEDGE X X ACK NS

Source: X X S

WAIT 0 0 0 0

Allowed a a NO b
Source: a a - b

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

5.3.6 WAIT.

A master or slave may assert Wait to control the data transfer rate on
the PI-bus and thereby accommodate slow or temporarily busy devices. During a
multiple slave sequence, one or more of the slaves may assert Wait. Each
cycle on which Wait is asserted shall cause the insertion of a non-transfer
cycle into a sequence.

5.3.6.1 Rules for Assertina Wait.

A Bus Interface may assert Wait on one or more cycles subject to the fol-

lowing restrictions:

1. Wait may normally be asserted by a Bus Interface only if that module is
scheduled to be a bus master or slave on the next transfer cycle. Howev-
er, the current bus master may assert Wait if the bus will be placed in
the Idle state following the Wait induced non-transfer cycle(s) provided
the vie interval requirement is not violated.
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2. A Bus Interface shall not assert Wait on HO or HI cycles.

3. A Bus Interface shall not assert Wait on a particular cycle (N), if on

the second previous cycle (N-2) the module did not assert Wait but Wait

was asserted on that cycle. If the Bus Interface does assert Wait on
cycle N and Wait was not asserted by any module on cycle N-i, the Bus

Interface shall assert Wait for an even number of contiguous cycles.

5.3.6.2 Effects of Wait.

Other than during an Abort sequence, for each cycle that a Wait is
asserted during a tenure, one non-transfer cycle (NT cycle) shall be inserted
into the sequence immediately following the cycle in which Wait is asserted.
The insertion of non-transfer cycles shall not change the sequence of sched-

uled bus states. However, if during the NT cycle, the master asserts an Abort
sequence designation on the Cycle Type lines, the sequence shall be altered to
Abort. During an Abort sequence, Wait shall not introduce non-transfer
cycles.

5.3.6.2.1 Line Groups during Non-Transfer Cycles

During NT cycles produced by Wait, the signal line values shall be as
specified below.

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

The Data line group shall not be posted by any module other than the mod-
ule which would have posted the Data lines had that cycle been the scheduled

transfer cycle. If a module asserts a value on the Data line group on such an
NT cycle, the value shall be a symbol which is valid for the next scheduled
transfer cycle.

5.3.6.2.1.2 Cycle Tyce Group during NT Cycles. The value on the CT lines
shall be ignored except for line error checking and the occurrence of Abort.

An Abort Cycle Type shall mark the beginning of an Abort Sequence. The master

module responsible for posting the CT lines on the next scheduled transfer

cycle shall source a valid symbol on the CT lines during the HT cycle(s).

5.3.6.2.1.3 AS Group durino NT Cycles. If a module is responsible for post-
ing the AS lines on the next transfer cycle it shall post a valid symbol on the
AS lines during the NT cycle(s). A symbol other than NAK shall be ignored dur-
ing non-transfer cycles. HAK shall be posted on cycle N, to signal that an

error associated with cycle H-2 was detected.

5.3.6.2.1.4 Wait Lines during HT Cycles. The rules for asserting Wait are
specified in "5.3.6.1 Rules for Asserting Wait.." The effects of asserting
Wait on a non-transfer cycle shall be the same as specified herein for assert-
ing Wait on a transfer cycle.
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5.3.6.2.1.5 Bus Reauest Lines durino NT Cycles. The rules for asserting Bus
Request are specified in "5.3.3.3 Bus Request.." Bus Request is completely
independent of Wait.

5.3.7 DATA LINK FACILITIES.

This section specifies the Data Link facilities which shall be accessible
over the P1-bus via the Bus Interface Message described in "5.3-4.4 Bus
Interface Message Sequence."

5.3.7.1 Data Link Register Address Space.

The Data Link facilities specified herein shall be contained in the Data
Link register address space which shall consist of 256 words assigned to con-
secutive addresses. This register space shall be allocated as shown in
Table 5-34. Access to these facilities over the bus shall be allowed only via
the Bus Interface Message with the Header Word A Access Type field set to zero
(AT:O00).

Reserved registers shall not be implemented and any attempt to access
them shall cause a 'Resource Hot Present' error. For write operations to
defined registers, the state of any bits in the word which correspond to
reserved bits shall be ignored.
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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

0 MULTICAST ACKNOWLEDGE REGISTER
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5.3.7.2 Recister Protection.

Access to the Data Link registers via the Bus Interface Message shall be

limited by write protection. Either permanent or programmable write pro-

tection shall be provided for each register as specified in the following sec-

tions. The current state of programmable write protect must be controlled

from the device. On reset, all programmable protection must be placed in the

non-protect state.

5.3.7.3 Recisters.

5.3.7.3.1 Multicast Acknowledge Register - Address 0.

The Multicast Acknowledge Register shall be a 16 bit register with the

same format and field interpretations as the Single Slave Acknowledge word.

During Multicast sequences, error information shall be accumulated by the

slave. This information is identical to that required for the single slave

case. The acknowledge word which would have been transferred to the master if

the current sequence was a single slave sequence, shall be stored in the Mul-

ticast Acknowledge Register instead of being sent as an AWS, and the Multicast

Acknowledge symbol shall be posted on the bus. Error indications shall apply

to the current message only.

During multiple slave Bus Interface Message and Block Message sequences,
a word equivalent to the Data Acknowledge word for a single slave sequence

shall be formed. The acknowledge information stored in Multicast Acknowledge

register bits <14..7> on the Header Acknowledge cvr-o shall be logically OR'ed
with bits <14..7> of the equivalent single slave Data Acknowledge word and the

result stored in bits <14..7> of the Multicast Acknowledge register on the

slave's assigned Data Acknowledge cycle. Bit <15> and bits <6..0> of the

equivalent single slave Data Acknowledge word shall be stored in Multicast
Acknowledge Register bit <15> and bits <6..0> on the slave's assigned Data

Acknowledge cycle. This Register shall be reset at the start of a multi-slave

message in which this module is a participant.

The following requirements shall apply to the Multicast Acknowledge Reg-

ister:

Word format: Figure 5-11

Write protect: Permanent

State after reset: Bit <15>=1, Bits <14..5>=all zeros, Bits <4..O>=MID
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Figure 5-11. Multicast Acknowledge Register Word Format

S B ERRORS AWT SLAVE MID

11413 12111 10j 9 1j 7 10
I I I I I I MSB LSB

<-- 1= ERROR ------ >
<-- 0= NO ERROR ---- > SLAVE MODULE IDENTIFICATION

ACKNOWLEDGE WORD TYPE
00 (S=l) - MESSAGE COMPLETE
00 (S=O) - MESSAGE SUSPENDED

01 - HEADER COMPLETE, DATA EXPECTED,
(S=Q) 2 RESUME CONTROL WORDS

10 - HEADER COMPLETE, DATA EXPECTED.
(S=O) 8 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

RESOURCE NOT PRESENT ERROR

DEVICE ERROR

DEVICE BUSY 0 - NOT BUSY

1 - BUSY

HEADER ACKNOWLEDGE: 0 - SUSPEHDABLE

1 - NOT SUSPENDABLE

DATA ACKNOWLEDGE: 0 - MESSAGE SUSPENDED
1 - MESSAGE COMPLETE
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5.3.7.3.2 Control Register - Address 1.

The Control Register shall be a 2 bit register that shall contain a bit

to initiate Bus Interface reset and a bit to initiate built-in-test.

The following requirements shall apply to the Control Register:

Word format: Figure 5-12

Write protect, programmable

State after reset: all zeros.

Reserved bits: read as zeros.

Figure 5-12. Control Register Word Format

15 1 14 13112 1 11 10 91_81 71 61 51 41 31 2- 11 01

RESERVED (ZEROS)

INITIATE BUILT-IN-TEST
0 N NO INITIATE K*
1 = INITIATE

BUS INTERFACE RESET

0 = NO RESET K
1 : RESET

- Placed in 0 state at completion of reset.
MW - Placed in 0 state at completion of 'built-in-test'.
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5.3.7.3.3 Module Capabilities Register Address 2.

The Module Capabilities Register shall be a 3 bit register that shall

specify the physically implemented capabilities of the Bus Interface / Device

Combination.

The following requirements shall apply to the Module Capabilities regis-

ter:

Word format: Figure 5-13

Write protect: permanent

State after reset: appropriate capabilities code

Reserved bits: read as zeros.

Figure 5-13. Module Capabilities Register Word Format

Il151141131121111101 91 81 71 61 51 41 31 21 11-01

RESERVED (ZEROS)

FEATURE 0 = SLAVE ONLY

1 = MASTER/SLAVE

CLASS 0 = ED (ERROR DETECT)
I = EC (ERROR CORRECT)

TYPE 0 = TYPE 16 (16 BIT TRANSFERS)

I = TYPE 32 (32 OR 16 BIT TRANSFERS)
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5.3.7.3.4 Vie Interval A Register - Address 3.

The Vie Interval A Register shall be a 16 bit register that shall contain
the unsigned binary Vie Interval A timeout value expressed in bus cycles. The
value in this register shall remain unchanged until a new timeout value is

loaded. Reading this register shall return the last value written. This reg-

ister is not required for Feature SO modules. Any attempt to access a regis-

ter which is not implemented shall cause a 'resource not present' error.

The following requirements shall apply to the Vie Interval A Register:

Word format: Figure 5-14

Write protect: programmable

State after reset: all ones

Figure 5-14. Via Interval A Register Word Format

15 114 13 13211 1 10 191 81_71 6 151 41 31 2 10

MSB < ------ VIE INTERVAL A VALUE ------------- > LSB
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5.3.7.3.5 Vie Interval B Register - Address 4.

The Vie Interval B Register shall be an 8 bit register that shall contain
the unsigned binary Vie Interval B timeout value expressed in bus cycles. The
value in this register shall remain unchanged until a new timeout value is
loaded. Reading this register shall return the Last value written. This reg-
ister is not required for Feature SO modules. Any attempt to access a regis-
ter which in not implemented shall cause a 'resource not present' error.

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

Word format: Figure 5-15

Write protect: programmable

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

Figure 5-15. Vie Interval B Register Word Format

151141131121111101 91 81 71 61_51_41 31 2 1 0

MSB ISBIMS ris
RESERVED VIE INTERVAL B VALUE
(ZEROS)
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5.3.7.3.6 Vie Priority Register - Address 5.

The Vie Priority Register shall be a 12 bit register that shall contain

the current vie priority of this module expressed in unsigned binary notation.

The priority range is from zero (lowest priority), to 4095 (highest priority).
This register is divided into two fields. The module identification field

shall be fixed by the module's hardwired module identification code (MID) and

cannot be changed by the Bus Interface Message. This register is not required
for Feature S0 modules. Any attempt to access a register which is not imple-

mented shall cause a 'resource not present' error.

The following requirements shall apply to the Vie Priority register:

Word format: Figure 5-16

Write protect: Programmable for bits<ll..5>; bits<4..O> fixed by MID

State after reset: Bits<l1..5>, all zeros; bits<4..0>= MID bits<4..0>

Reserved bits: read as zeros.

Figure 5-16. Vie Priority Register Word Format

1 15114 113 112 111 1101 91 91 71 61 -1 41 11_ 21 '1 01
MSB LSB MSB LSB

MODULE IDENTIFICATION
CODE (HARDWIRED)

LOGICAL PRIORITY CODE

RESERVED (ZEROS)
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5.3.7.3.7 Reserved Registers - Addresses 6 To 32.

The use of the Reserved Registers shall be defined only by future ver-
sions of this specification. Until then, these registers shall not be imple-
mented and shall cause a 'Resource Not Present' error if an access is
attempted.

5.3.7.3.8 Logical Slave Identification Registers - Addresses 33 to 255.

The Logical Slave Identification Registers consist of a set of one bit
registers in locations 33 to 255 of the Data Link register address space. The
address of each register is identical to the Slave Identification code which

the register controls. Bit 0 of each Logical Slave ID register indicates
whether or not a Slave Identification code (ID) equivalent to the register
address will be recognized by the module as a valid slave ID. The interpreta-

tion of bit 0 shall be:

1 = Bus Interface shall recognize this address as a slave ID.
0 = Bus Interface shall not recognize this address as a slave ID.

The following specifications shall apply to the Logical Slave Identifi-

cation Registers:

Write protect: programmable

State after reset: zero

Reserved bits (15-1): read as zeros.

This register set is optional. A subset of the Logical Slave ID Regis-
ters may be implemented using either one or a combination of the two methods
specified below:

1. The Logical Slave ID Registers may be implemented directly as a set of

one bit registers in the Bus Interface register space. The slave iden-
tification registers shall have consecutively decreasing addresses
starting at address 255. Any number of registers may be implemented from
zero up to the full set of 223. The module shall not respond to sequences
with Slave ID's corresponding to registers which are not implemented.
Any attempt to access registers that are not implemented via a Bus Inter-
face Message shall cause a 'resource not present' error.

2. The Logical Slave ID registers may be implemented indirectly using tech-
niques such as associatively searching for valid slave ID's. In that
case, the implementation shall specify the number of unique Logical Slave
ID's which can be recognized (1 to 223) and each of those shall be capa-
ble of being set by the standard Bus Interface Message to any value in
the range 33 to 255, inclusive. The standard Bus Interface Message shall
also be capable of invalidating any previously validated slave identifi-
cation code. Any attempt to validate more logical slave ID's than
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allowed by the implementation shall cause a 'resource not present' error.

Figure 5-17. Logical Slave Identification Register Word Format

15 1 113112111 1 91 ] 71 1 7 51 41 31 21 01 01

RESERVED (ZEROS)

0 = 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 reset mechanism shall be provided to initialize the Bus Interface.

Reset shall be invoked by the attached device or by completion of a Bus Inter-
face Message that set bit 0 (when not write protected) of the control register

(see "5.3.7.3.2 Control Register - Address 1."). The Bus Interface shall

respond to reset by becoming inactive, releasing all bus drivers and initial-

izing Data Link registers to the values defined in "5.3.7 Data Link Facili-
ties.." Following register initialization, modules may become active on the

bus provided that MID<4..O>//MIP<O> satisfies P(MID<4..O>//MIP<O>) : 1. A
module with incorrect MID parityp that is P(MID<4..0>//MIP<O>) 0 0, shall not
assert any P1-bus signal and shall not participate in P1-bus operations. A

potential bus master module shall not initiate a Vie sequence prior to deter-
mining that the bus has been Idle for a minimum of two bus cycles and shall not
assert Bus Request (BR) prior to determining that the current bus master is

operating at a lower priority than the potential bus master'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 semantic errors. This section also defines PI-bus diagnostics require-
ments.

5.3.9.1 Correctable Line Errors

If the bus symbol error is correctable, then the symbol shall be func-
tionally interpreted as the valid symbol with the least coding distance from
the erroneous symbol. During message sequences, errors shall be logged in the
Acknowledge word by setting the 'Correctable Line Error' bit to one (refer to
"5.2.3.3.1 Single Slave Acknowledge."). The device should be notified of
detected errors.

5.3.9.2 Uncorrectable Line Errors

If the bus symbol is uncorrectable, then the symbol shall be func-
tionally interpreted according to Table 5-35. Any slave that detects an
uncorrectable line error on the Data or CT lines shall post NAK on the second
cycle after the cycle to which the error applies. During Vie, any module that
detects an uncorrectable line error on the Data or CT lines shall post NAK on
the second cycle after the cycle to which the error applies. The device
should be notified of line errors. During message sequences, slaves shall log

I uncorrectable Data, Cycle Type, Acknowledge Set, Wait and Bus Request line
errors in the Acknowledge word by setting the 'Uncorrectable Line Error' bit
to one (refer to "5.2.3.3.1 Single Slave Acknowledge.").
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Table 5-35. Interpretation and Response for Uncorrectable Invalid Symbols

SIGNAL LINE GROUP INTERPRETATION AND RESPONSE

Wait If Wait is not allowed: No Wait.
If Wait is allowed: Wait asserted on first
cycle of detected error and No Wait

asserted on remaining contiguous
error cycles.

Cycle Type Scheduled Cycle Type (per
defined sequences).

Cycle Type No slave ID match.
(during HO)

Bus Request No Bus Request asserted.

Acknowledge Set Assume NAK posted.

Acknowledge Set If not the winner of vie, set master

(during Vie) priority unknown. Should notify device.

Data lines If a contender, assume that
redundant bits which disagree

(during Vie) are both asserted.

If not a contender, set master priority
unknown.
If not the winner of vie,

set master priority unknown.

Data lines For redundant bits which disagree, no
(during Multi-slave acknowledgement for corresponding

acknowledgement) module.

Data lines No slave ID match.
(during HO)

Data lines Slaves shall, discard header
(during header, words, take no action based on header

except HO) words, set the Acknowledge Word AWT field
to 00, set the S field to I and become

not selected after Header Acknowledge
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5.3.9.3 Sequence Errors.

Each Bus Interface shall detect any error that causes a violation in the
protocol syntax (sequence definitions). During message sequences, errors
shall be logged In the Acknowledge word by setting the 'Sequence Error 'bit to
one (refer to "S.2.3.3.1 Single Slave Acknowledge."). The device should be
notified of detected errors.

5.3.9.3.1 Cycle Type Sequence Errors.

Every Bus Interface shall differentiate each bus cycle as belonging to
one of the bus states listed in Table 5-8. Each slave in a sequence shall
determine if the Cycle Type, as indicated by the CT lines, follows a legal
sequence as defined under "5.2 GENERAL REQUIREMENTS.." The differentiation
of legal and illegal cycle type sequences shall be by comparing the set of bus
states that are defined as scheduled states for the current sequence to the
actual sequence of symbols received on the CT lines. Table 5-36 shows the
required response of a slave to received CT symbols (top row) verses scheduled
bus states (left column). Definitions of the required responses are given in
Table 5-37.
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Table 5-36. Slave Response to Cycle Type Sequence Deviations

CYCLE TYPE (CT) LINE SYMBOLS

Scheduled I V 1O H D A S AB
Bus State

1 - 1 2 2 2 2 2 2

VO 2 - Ierror error error error error error

V1, V2o V3 error - error error error error error error

VZO *. VZ3 error - error error error error error error

HO 4 error - error error error error 5

Hi H9, HZ error error error error error error 5

HAG HA4 error error error error error - error 5

HAZ error error error error error - error error

D error error error error - error 3 5

DZ error error error error - error error 5

DAO .. DA4 error error error error error - error 5

SO . S2 error error error error error error - 5

ABO .. AB3 error error error error error error error
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Table 5-37. Cycle Type Deviation Response Definition*

- Proceed with normal operation.

error Respond to Cycle Type sequence error as defined in
"5.3.9.3.1 Cycle Type Sequence Errors"

1 Monitor vie process (too late to contend).

2 Ignore CT symbol, expect I cycle

3 Suspend message; refer to "5.3.5.1 Suspend.."

4 Expect I cycle (End-Of-Tenure). Set master priority = unknown.

5 Abort message; refer to "5.3.5.2 Abort.."

During Vie, a Bus Interface that detects an illegal CT sequence shall
post NAK on the AS lines two cycles after each occurrence of the illegal Cycle
Type. Modules which do not win the Vie sequence shall set master priority
unknown as described in "5.3.3.1 Vie Sequence.."

If a Cycle Type other than HO is received as the next Cycle Type follow-
ing completion of a message sequence, Vie or Abort; each module shall assume
that no HuA has been transmitted and, therefore, there is no match for that
module's slave ID.

A Bus Interface that is a Slave in a sequence and has detected that the
Cycle Type symbols have not followed a legal sequence shall post HAK for every
such occurrence. The NAK shall be posted on the second cycle after the cycle
that deviated from the legal sequence. If the illegal sequence leads to a

condition in which the module cannot determine, with certainty, that the mod-
ule should be a Slave, the Bus Interface shall not drive any line, other than
Bus Request, when legal and required, until a valid HO or Idle cycle is

detected.

5.3.9.3.2 Acknowledge Set, Wait and Bus Request Sequence Errors.

Bus Interfaces shall detect Acknowledge Set, Wait and Bus Request
sequence errors. Responses to these errors shall be as defined in Table 5-38.
Modules shall not post NAK on the AS lines in response to AS, Wait nor Bus
Request sequence errors.
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Table 5-38. Sequence Error Response

SIGNAL LINE GROUP SEQUENCE ERROR RESPONSE

Acknowledge Set During vie, if not the winner

set master priority unknown.

Wait Assume Wait is not asserted.

Bus Request Assume Bus Request is not
asserted.

5.3.9.4 Semantic Errors.

5.3.9.4.1 Header Semantic Errors.

Slave modules shall respond to a reserved Message Type code in Header

Word A by asserting HAK on the Acknowledge Set lines on the second cycle fol-
lowing HO and becoming not selected as slaves on the following cycle. Slaves
may also become not selected in response to specific slave device defined con-
ditions.

Each Bus Interface shall detect any error in information transfer that

has protocol significance. Table 5-39 lists and defines the errors in this

category. In response to these errors, the Bus Interface shall post NAK on
the AS lines within two cycles after the error is detected and not later than

two cycles after the end of the message or partial message. The Bus Interface
shall also log the error in the Acknowledge Word by making the bit named in
Table 5-39 a logic 1. The device should be notified that an error was

detected.
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Table 5-39. Semantic Errors

SEMANTIC ERROR ERROR DEFINITION

Protect A Write operation has been attempted on a

('Protect Error' bit) write protected Bus Interface register.

Command Header Word A has been received with a

('Command Error' bit) reserved code in the AT field.

OR

Header Word A has been received with a

broadcast slave ID and a single slave

Message Type.

OR

Header Word A has been received and the

master's priority is unknown.

OR

A Tenure Pass Message Header Word A has been

received with bits <7..5> asserted or AT not

equal to 000 or F asserted or Header Word B

bits <4..0> are not equal to the 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 Message Header Word A

has been received with F asserted.

OR
A message has been received which is not in

agreement with the defined format for the

slave device.

Resource not Present A resource or capability has been

('Resource Hot addressed that is not implemented.

Present Error' bit)
OR

A Tenure Pass Message has selected

a Feature SO module as the slave.

OR
A non-existent or reserved Bus Interface

register has been addressed.

Device Module's device has detected an error
('Device Error' bit) attempting to perform bus related

operation during the current message.
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5.3.9.4.2 Header And Data Acknowledge Semantic Errors.

A bus master Bus Interface shall report semantic errors in the Header
and Data Acknowledge Word to the device. The semantic errors which shall be
reported are

1. the Acknowledge Word slave MID does not match the physical slave ID
transmitted in Header Word A,

I 2. the Acknowledge Word Type (AWT) and/or Suspend (S) fields of the
Acknowledge Word are not valid for the current Acknowledge cycle,

3. a Class ED master module receives an Acknowledge word with the "Correc-
table Line Error" bit set to logic 1 and

4. an Acknowledge word which has the "Protect Error" bit set to logic 1 is
received when the MSG Type specified in HWA was not Bus Interface
Message.

5.3.9.5 Diagnostucs.

5.3.9.5.1 On-Line Testing.

On-Line testing of the P1-bus shall be accomplished through the Error
Detection and/or Error Correction capability provided by the standard message
sequences and protocol defined in previous sections of this specification.

5.3.9.5.2 Off-Line Testing.

Each Bus Interface shall be capable of transmitting and receiving arbi-
trary bit patterns on all signal lines of the bus (U, DC, CT, CTC, AS, W and
BR) in parallel. Multiple clock cycles may be used to establish and read each
pattern. Control and coordination of this test shall be through an alternate
path independent from the P1-bus under test. The mechanism that coordinates

the test should:

1. provide the line patterns to the Bus Interface transmitting the test
pattern,

2. determine when the transmit pattern is stable,

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

4. analyze the patterns for correctness.

The mechanism that controls the test should apply patterns that guarantee
detection of 1) a failed line stuck at zero or one and 2) a short between any
two lines for any path from the signal line latch of the transmitting Bus
Interface to the signal line latch of the receiving Bus Interface(s).

The transmitting Bus Interface shall be capable of being placed in the
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off-line test mode, accepting patterns for transmission and transmitting the

patterns. Once established, test patterns shall not be changed until a change
is commanded by mechanism that coordinates the test.

The receiving Bus Znterface, when in the off-line test mode, shall be
capable of being commanded to clock in the test pattern from the bus and
transfer that received pattern to the controlling device.
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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

Test and Maintenance Bus (TM-Bus).

1.2 Purpose. The purpose of this standard is to establish requirements for

the TM-Bus and facilitate interoperaoility 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 P1-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.

* None.

3 DEFINITIONS

The definitions listed here shall apply to the TM-bus and TM-bus modules.

1
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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

_ 
M-u SLAVE

4
T-Bus SLAVE

TM-BUS 4 4

MASTER SLAVE]

T-Bus SLAVE

TM-Bu SLAVE

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 is 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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line remains in the asserted state.

asserted The logic 1 state of a bus signal line.

The least positive of the two states of a

bus signal line.

backplane A motherboard comprising wiring for the bus

and connectors to the modules attached to

the bus.

broadcast A mode of operation where the bus MASTER

transmits data to all SLAVE modules during a

single sequence.

bus MASTER The module in control of the bus.

contend When a bus SLAVE module(s) is/are actively

vying for the attention of the bus MASTER.

device The portion of a module, excluding the bus

interface, which does the application

dependent function of the module.

header A sequence identifying a bus command, the

SLAVEs participating in any commanded

sequence and additional information delimit-

ing the scope of the command.

linear bus A bus with a single shared medium segment.

message A set of sequences starting with a header

and terminating when all bus actions indi-

cated by that header have been performed.

module An entity which is addressable via the bus

and has a single bus connection.

module address A pointer which uniquely identifies a mod-

ule.

multicast A mode of operation where the MASTER may
transmit data to more than one SLAVE during

a single sequence.

packet A unit of data which is 17 bits, a 16 bit

word plus 1 parity bit.

release The action of ceasing to assert a logic I

on a bus signal line. The action of releas-

ing a signal line produces a change in the

3
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state of the signal line only if no module
is asserting that signal.

released The logic 0 state of a bus signal 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 Volt 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 is selected by the MASTER to
participate in a sequence.

sub-address A pointer to elements within an addressable
module.

transfer A set of elemental operations on the bus
which result in the communication of bit

serial datum units between the current bus
MASTER and the selected SLAVE(s). A serial
datum unit is I bit. See sequence.

word An ordered set of 16 bits operated on as a
unit. The most significant bit 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 specified 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.

4
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4.2.1 Nomenclature. Lines shall be designated by name. When a set of

related bits are represented by the same name, the bits within the set shall

be differentiated by number with the least 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 TM-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 '1' state (or asserted state) is the low-

est voltage level on the bus and the logic '0' (or released state) is the

higher voltage level on the bus.

FROM CLOCK SOURCE

CLOCK I

TM-BUS < --------- . > SLAVE

MASTER MASTER DATA

CONTROL

SLAVE DATA

4

- - > TO OTHER SLAVEs

Figure 2. TM-BUS Signals

4.2.2.1 TM-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.

5
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4.2.2.2 TM-Bus MASTER DATA Siqnal Definition. The TM-Bus MASTER DATA sig-
nal shall be a single uni-directional line 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 conjunction with the CONTROL
line to indicate bus states (see Section "5.2.1 TM-Bus States" on page 13).

4.2.2.3 TM-Bus 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 wired-

OR configuration.

4.2.2.4 TM-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 TRAIISFER state. When
CONTROL is released, the bus is in the PAUSE or IDLE state.

4.2.2.5 TM-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 address field in the HEADER shall be compared to five
Module IDentification (MID) inputs to determine if the SLAVE is being
addrsssed. 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). (N~ote: the asserted state
of each input is a logical one). When used in conjunction with the VHSIC
Phase 2 P1-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 P1-Bus Specification, Version 2.1 dated Sep-
tember 25, 1986). 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 (8) subaddresses.
Address '31' is limited to three (3) subaddresses ('Fa', '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.

6
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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 VHSIC Phase 2 PI-Bus Specification dated

9/25/36, Section "4.3 ELECTRICAL REQUIREMENTS".

4.3.1 Backplane Requirements

4.3.1.1 Bus Signal Line Characteristic Impedance. TM-Bus signal lines

shall have a characteristic impedance of not less than 20 ohms and not more

than 50 ohms for all operating and module loading conditions.

4.3.1.2 Bus Sional Line Termination. Signal lines shall be terminated at

each end of the backplane 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 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.E.1 Voltage Levels. The low level voltage for Bus Clock shall be

less than or equal to +0.55 volts. The high level voltage for Bus Clock

shall be greater than or equal to +2.4 volts.

4.3.1.5.2 Rise And Fall Time. The rise time (Tr) of the Bus Clock from 0.8

volts to 2.0 volts shall be less than 5 nanoseconds. The fall time (Tf) of

the Bus Clock from 2.0 volts to 0.8 volts shall be less than 5 nanoseconds.

4.3.1.5.3 Duty Cycle. The ratio of the Bus Clock high state duration to

the bus clock period measured at 1.5 Volts shall not be less 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 Input 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 nanohenries.

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 is +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 Voltaqe. A Bus Clock input voltage of +0.&

volts or less shall be interpreted as a low level.

4.3.2.1.2 AC Requirements. 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 Input Capacitance. Signal line capacitarce to logic ground

shall be less than 22 picofarads.

4.3.2.2.1.2 Input 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 Leakwoe Current. Over the input voltage range of +0.3 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 Hiah-level Output Voltage. The high-level output voltage

shall be determined by the backplane signal line termination voltage which

is +1.9 to +2.1 volts. The signal line outputs shall permit wired-OR oper-

ations on the bus.

4.3.2.2.1.6 Low-level Output Voltage. The low-level output voltage (Vol)

for signal lines shall be less than 1.15 volts at an input current of 95

milliamps.

8
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4.3.2.2.1.7 High-level Input Voltage. A signal line input voltage (Vih)
of +1.6 volts or more shall be interpreted as a logic 0. A signal line
input which is not electrically connected to the backplane (i.e. an open

line) shall be interpreted as a logic 0.

4.3.2.2.1.8 Low-level Input Voltage. A signal line input voltage (Vil) of
+1.45 volts or less shall be interpreted as a logic 1.

4.3.2.2.2 AC Requirements

4.3.2.2.2.1 Signal Line Inputs. Figure 3 illustrates the timing
relationships specified below.

4.3.2.2.2.1.1 Set-up Time. The maximum time that each input signal is
required to be uniquely above or below the input voltage threshold for a
logic 0 or logic 1 prior to the high-to-low transition of the clock (set-up

time, Ts) shall be specified.

4.3.2.2.2.1.2 Hold-Time. The maximum time that each input signal is
required to be uniquely above or below the input voltage threshold for a
logic 0 or logic 1 following the high-to-low transition of the clock (hold
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 on the
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 in
Figure S. The reference clock voltage for timing shall be +1.5 volts. The
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. The fall
time CTf) of an output signal from +1.8 volts to +1.2 volts shall be less
than 9 nanoseconds.

9
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4.3.2.3 MID And NIP 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 NIP 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 NIP line shall not exceed 25 volts.

--------------------------2.4v

CLOCK INPUT I 1.5v

I

I 0.55V

I 1.8vI I

DATA INPUT 1.5v 1.5v
~1.2v

Figure 3. Set-up And Hold Timing

10
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PATTRN MDULEi -SIGNAL OUT

*INCLUDES JIG AND PROBE CAPACITANCE

Figure 4. Signal Output Test Circuit

----------------------------2.4v

BUS CLOCK -- 1. 5v

I 0.55v

Tpd 1 L*-1.8

SIGNAL OUTPUT 1.5v

FI-5v 1.2v

Figure 5. output Signal Timing

11
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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 o Protocol Characteristics

- 6.25 MHz clock (Typical) - 8 reserved address bits

- 4 pin bus signals - 32 module addresses (maximum)

- Synchronous Operation - 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 Operation. 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

C-19



TM-bus Specification Version 3.0

5.2.1 TM-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 (EOM))

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 used 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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5.2.2 Messaae/Resoonse 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 is 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 <I>).

MSB LSB

(16) (9) (8) (2) (1) (0)

(a) (7) (1) (1)

SLAVE ADDRESS

(5) (3) ACK
MODULE SUB 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. If the ACKNOWLEDGE REQUEST bit (bit <1> of the HEADER) is

asserted, the SLAVE shall respond with an ACKNOWLEDGE packet. Bit 0 is the
packet parity bit.

15
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5.2.2.4 ACKNOWLEDGE Packets. Figure 10 on page 16 shows the format for the

ACKNOWLEDGE packet which includes the SLAVE address and status fields. The

SLAVE address field is eight (8) bits in length (bits <16..9>) and contains

the address of the responding SLAVE. The status field is also eight (8)

bits in length (bits <8..1>) and contains the data residing in the SLAVE

Status Register. Sit 0 is the parity bit.

MS8 LSB
(16) (9) (8) (1) (0)

(8) CS) (1)

SLAVE ADDRESS SLAVE STATUS REGISTER PARITY

(MODULE AND SUB- CONTENTS BIT

ADDRESS)

Figure 10. ACKNOWLEDGE PACKET

5.2.3 Message Protocol. A message transmission from the MASTER to a SLAVE

shall be as shown in Figure 11. The MASTER shall begin a message trans-
mission by first asserting the CONTROL line, which moves the bus from the

IDLE state to the DATA TRANSFER state, and then transmitting the HEADER

packet; the MASTER shall assert the CONTROL line for the duration of the

packet transmission. At the end of a transmission, the MASTER shall release

both the CONTROL and MASTER DATA lines, which returns the bus to the IDLE

state. The MASTER shall move the bus to the PAUSE state between packets by

releasing the CONTROL line while asserting the MASTER DATA line. If the

message is longer than one packet, the MASTER shall assert the CONTROL line

during each additional packet transmission. Optional PAUSE states are per-

mitted between packets within a single message. The number of PAUSE states

shall be determined by system requirements.

16

C-22



TM-bus Specification Version 3.0

(A)

MASTER

DATA IDLE HEADER IDLE/EOM

CONTROL

(B)

MASTER
DATA IDLE HEADER DATA IIDLE/EOM

CONTROL

CC)

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 18. 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 line 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 line. 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 "5.2.3 TM-Bus

Interrupts" on page 24.

CLOCK .. ...
CONTROL

DATA TRANSFEREO

PAUSE - (optional)

MASTER HEA ERER EII M
DATA .

SLAVE I

DATA J< ----- > RESPONSE EON

2 cycle delay

NOTE: The logic state is represented not the voltage level.

Figure 12. DATA TRANSFER TIMING
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DATA HEADER

SLAVE--------------------- -- i---------
DATA ACKNOWLGE

CONTROL

-OR-

MASTER -

DATA HEADER ]

SLAVE

DATA ACKNOWLEDGE DATA

CONTROL

DON'T CARE

N4OTE: The logic state is represented not the voltage level.

Figure 13. SLAVE RESPONSE PROTOCOL (A)

19

C-25



TM-bus Specification Version 3.0

MASTER

DATA HEADER DATA 1l ..... I DATA N

SLAVE - m
DATA DATA I ..... DATA N

--------------- L~

CONTROL 
I

-OR-

MASTER -----------
DATA HEDR AA ATJ4

SLAVE --

DATA ACKNOWLEDGE DATA 1 DATA N

CONTROL

= 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-Rus command. See sections "5.3.1 Reset SLAVE" on page 27,

"S5.3.3 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

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 "5.2.8 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). When a SLAVE receives

a 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), C'FDI HEX), ('FE' HEX) and ('FF' HEX) which shall be used for multi-

cast groups '00', '01', '10', and '11' 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 a multicast operation (see section "5.2.3 TM-Bus Interrupts" on page

24).

22
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5.2.7 TM-Bus SLAVE Status Register. Each SLAVE shall have a SLAVE Status

Register, described in Figure 16 on page 23. All bits in the status regis-

ter shall be considered active when asserted. After returning the SLAVE

status in response to a Read Status Register command, a SLAVE shall reset

(release) the Bus Error, Broadcast/Multicast Received, and Event Occurrence

bits (resetting the Reserved bit is optional). The SLAVE shall reset

the Bus Error, Broadcast Received, and Event Occurrence bits when it wins a

contend sequence (resetting the Reserved bit is optional).

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

or other predefined condition

exists.

5 Broadcast/ Indicates that the last Broadcast/

Multicast Received Multicast command was properly

received.

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.

l(LSB) Interrupt Enabled Indicates whether the SLAVE

may send an interrupt.

Figure 16. SLAVE Status Register
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5.2.8 TM-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 S3) a+ter

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.

2 cycle delay1< --- >1
SLAVE

DAT A I<-- > -7> '<--- >
2 cycle Interrupt 2 cycle Interrupt

delay Permitted delay Permitted

NOTE: The logic state is represented not the voltage level.

Figure 17. INTERRUPT TIMING
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5.2.9 TM-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'. If 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 32 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 18). 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.

25
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CONTROL

MASTER HEADER

DATA (CONTEND CMD)

SLAVE
DATA SLAVE CONTEND (33 clocks)

V

CLOCK

CONTROL

SLAVE

DATA BIT 16 BIT 15 BIT 14

TRANSMIT ---J * * LISTEN

NOTE: The logic 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.

Commands 0 through 15 shall be standard or reserved commands and the remain-

der shall be user-defined commands. The command ('7F' HEX) with the

ACKN4OWLEDGE REQUEST bit asserted shall be an illegal command to all SLAVEs.

If 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. Zn 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 receipt of a NON-broadcast/multicast

read status command, the SLAVE shall return the ACKNOWLEDGE packet, which

includes the current eight (9) 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 B%.s

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 grom interrupting.

5.3.7 Multicast Select 0. Upon receiving this command, a 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 Multicast Select 1. Upon receiving this command, a SLAVE shall enter

multicast group 1 by setting the SLAVE Status Register Multicast Select bits

to 'O1'. This shall enable the SLAVE to respond to command headers with an

address field equal to 'FD' (HEX).

5.3.9 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).

5.3.10 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).

23
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Command Field Command

(MSB) (LSB)

(8) (2)

0000000 READ STATUS

0000001 INITIALIZE MODULE

0000010 RESET SLAVE

0000011 CONTEND FOR BUS

0000100 MULTICAST SELECT 0

0000101 MULTICAST SELECT 1

0000110 MULTICAST SELECT 2

0000111 MULTICAST SELECT 3

0001000 ENABLE INTERRUPT

0001001 DISABLE INTERRUPT

0001010 RESERVED

0001011 RESERVED

0001100 RESERVED

0001101 RESERVED

0001110 RESERVED

0001111 RESERVED

Figure 19. Standard Commands

5.4 TM-Bus Synchronization/Initialization. The bus shall be initialized

when both the MASTER DATA and CONTROL lines are simultaneously released,

forcing the bus into the IDLE state. All SLAVEs on the bus shall then be

capable of transactions over the bus. If desired, the command 'Reset SLAVE'

may then be broadcast to bring all bus lines and SLAVEs to an error-free

quiescent state. When a SLAVE receives the Reset command, it resets all the

SLAVE Status Register bits, resets its multicast select mode to '00', and

disables SLAVE interrupts.

In response to a broadcast or multicast Reset command, a SLAVE shall set the

Broadcast/Multicast Received bit.

5.5 TM-Bus Mastership. The TM-Bus shall have single MASTER 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

the four signal lines defined in this specification.
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5 .6 TM-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-O 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 TM-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 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 5305
Washington, D.C. 20375
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 Identification

MIP - Module Identification Parity

MSB - 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

Tf - Fall Time

Th - Hold Time

TM-Bus - Test and Maintenance Bus

Tpdhl - Propagation Delay, high-to-low

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

Vol - 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 Purpose. The purpose of this standard is to establish requirements for

the ETM-Bus and facilitate interoperability of VLSI chips which use the

ETH-Bus.

1.3 Intended Apolication. The ETM-Bus is 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.

* 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 Item 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 I 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.

/ET-Bus SLAVE 0

ETM-Bus 6 j 6

MASTER/ ETM-Bus SLAVE 2

CONTROLLER

4 6-/ ETM-8us SL7AVE 37

TM-BUS

6

* l /uL ETM-Bus SLAVE 
31 I

/1

From Clock Source

Figure 1. Conceptual Model Of ETM-Bus Elements

3.2 Term Definitions.

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

line remains in the asserted state.

2
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asserted The logic 1 state of a bus signal line.

bus master The device in control of the bus.

element A single VLSI integrated circuit which

interfaces to the ETM-Bus.

logic 0 The least positive of the two bus states for

an active high bus signal line, or the more

positive of the two bus states for an active

low bus signal line.

logic I 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.

message A set of sequences consisting of

instructions or scan data.

release 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.

released The logic 0 state of a bus signal line pro-

duced when no element asserts the signal

associated with that line.

sequence A transaction comprising a number of ordered

transfers performing one intended function.

slave An element which does not have control of

the bus, and is selected by the master to

participate in a sequence.

transfer A set of elemental operations on the bus
which result in the communication of bit

serial datum units between the current bus
master and the selected slave(s). A serial

datum unit is 1 bit. See sequence.

wired-ORed A hardwired OR function.

3
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4 PHYSICAL LAYER

4.1 Introduction. The physical layer of the ETM-Bus is specified herein.

The bus signal lines required to implement the bus, the electrical charac-

teristics of the bus lnterfaces,the allowable bus configurations, and timing
definitions are presented.

4.2 Line Definition. The ETM-Bus signal and clock lines are defined in

this section.

4.2.1 Nomenclature. Lines shall be designated by name. When 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-aus. All ETM-8us 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-Rus 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 S. Addi-

tional lines, to accommodate enhanced application requirements, are not

precluded. SELECT and INTERRUPT are negative logic and all other signals

shall use positive logic.

4
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FROM CLOCK SOURCE

REFERENCE I CLOCK

DATAIN

ETM-Bus > ETM-Bus

4 CONTROLLER DATAOUT SLAVE

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 a 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

sourced from either the CONTROLLER or another SLAVE. In 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-Bus DATAOUT signal

shall be a single unidirectional line from a SLAVE. In the star configura-
tion, the DATAOUT 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
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The DATAOUT line 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 ETM-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). In 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 line shall remain

asserted until the interrupt is serviced. The INTERRUPT line shall support

a wired-OR configuration. The INTERRUPT line may operate asynchronously.

4.2.2.6 LTM-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

6
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more than ine (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.

REF

CLK i--- .

SEL X x

x ... - X

MODE XXXXXXX - XXXXXXXXXXXXXXXXX

LS& MS8

(first bit in)

DATA XXXXXXXXXXXXXXXXXXX ... XX---------- xxxxx

IN

LSB MSB

(first bit out)

DATA XXXXXXXXXXXXXXXXXXX -------- xx ------------ xxxxx

OUT

Figure 4. ETM-Bus Timing Diagram

7
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4.4 ETM-Bus Configurations. The allowable ETM-Bus signal configurations

are specified in this section.

4.4.1 ETM-Rus Ring Bus Configuration. The ETM-Bus shall be capable of sup-

porting the ring bus structure shown in Figure 5 on page 3. 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 I .... SLAVE 31

DATAIN L-

CLOCK -

MODE -

SELECT

INTERRUPT

DATAOUT

Figure 5. ETM-Bus Ring Bus Structure
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4.4.2 ETM-Bus Star Bus Configuration. 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 lines. 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 I .... SLAVE 31

DATAIN -

DATAOUT -

CLOCK 4 ..

MODE *-- -

INTERRUPT -- * .

SELECT (0)

SELECT (1)

SELECT (31)

Figure 6. ETM-Bus Star Bus Structure

9
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4.5 ELECTRICAL REQUIREMENTS

Electrical requirements defining the device output signals, the device input

signals. and the ETH-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 Reference Voltage. 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 oe

uniquely above or below the reference signal voltage 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-Time. 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) is 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 A 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 12.

10
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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).

Elemenpt OuptIVre

VI

VOL

I Ire
R Figr 8. rpaain ea

I11I
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Tclk(min) > Tp(max) + Tbs(max) + Ts + Tcs(max)

Tp(min) . Tbs(min) > Tcs(max) + Th

SENDER ELEMENT RECEIVER ELEMENT

OUTPUT < Tbs > INPUT

DEVICE DEVICE

ETM-Bus signal line (Ts dev)

>-(Th dev)

<- I

< Tcs>

REFERENCE CLOCK SOURCE

(Tclk)

Figure 9. ETM-Bus Interface Parameters

4.5.3 Bus 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 Cycle. For single clock implementations, the ratio of the

REFERENCE CLOCK high state duration to the REFERENCE CIOCK 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 Ct.aracteristics 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 configurations

- 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.

S.2 Operation. 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. When 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). When 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 control and decode

13
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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.

CL K(S) I DWONrlL

REGA
STATUSRI

DATAOU C

ETh-Bu Intorace Elemen

Figure 11. Conceptual View of Element Interface to ETM-Bus

5.2.1 ETM-Bus States. All valid operations on 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 protocol and state transition sequences of the

ETM-Bus. It is required that there be a mininum 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 DATACUT. The CONTROLLER shall begin a transfer by assert-

ing the SELECT line, with the MODE line valid, on the cycle prior to a data

15
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transfer. The CONTROLLER shall signal the end of an operation by releasing

SELECT on the cycle prior to the end of the data transfer. SELECT shall

stay released at least two cycles between SCAN operations and at least three

cycles between instruction operations.

The PRE-SCAN (S1) and PRE-INSTRUCTION (S2) states allow the SLAVEs to

receive an indication of a bus state change before actual transmission of

data begins. The POST-SCAN (SS) and POST-INSTRUCTION (S6) states correspond

to the transfer of the last bit of data as the SLAVE receives notification

of the change in the bus state.

C From S5 or S6

V

IDLE SELECT~l

so

SELECT=O SELECT=O

MODE:l MODE:O

V f -
V fPRE SCAN PRE INSTR

Sl S2

V V

SELECTzO SCAM INSTR SELECT=O
MODE=l S3 S4 MODEZO

SELECT=l

V
POST SCAN POSTINSTR

Figure 12. ETM-Bus Protocol State Diagram

1s
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5.2.2 SLAVE Device Identification. In a ring structure, the SLAVE ID shall

be determined by the element's position in the ring. In a star structure.

the SLAVE ID shall be determined by the connections of the CONTROLLER SELECT

lines.

The CONTROLLER shall ensure that SLAVEs receive valid data during a transfer

operation.

5.2.3 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. When the MODE Signal line is a logic 0, the selected SLAVE(s) shall

appear as a serial shift register. When SELECT is asserted and MODE is a

logic 0, 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-line) 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 Instruction 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. If

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

5.2.4.1 Introduction. 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 DATAOUT line 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.

5.2.4.2 Addressing of Scan Paths. The virtual scan path shift register 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

(on-line) chip operation without affecting chip operation.

5.2.5 Instruction 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 Interrupts. Interrupts are indicated by a SLAVE asserting the INTER-
RUPT line until 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.

0 ECHO- data sent in instruction word is 'echoed' back on following

instruction.

* WRITE REGISTER - write data to specified SLAVE register.

0 READ REGISTER - read specified register into SLAVE instruction/status

register.

0 RESET - places element logic into a predefined state.

* READ STATUS - loads status bits into SLAVE instruction/status

register.

* ENABLE/DISABLE CHIP OUTPUTS

* ENABLE/DISABLE CHIP CLOCKS

0 ENABLE/DISABLE CHIP INTERRUPTS

5.4 ETM-Bus Control. 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.

5.5 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 not 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 ETM-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.
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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

20

D-26



ETI-bus Specification Version 3.0

APPENDIX I

10 GLOSSARY

EOM - End of Message

ETM-Bus - Element Test and Maintenance Bus

LS8 - Least Significant Bit

MHz - Megahertz, 1 million cycles per second

mA - Milliamperes, 1 thousandth of an Ampere

MS5 - 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

Tbs - Bus Settling Time

Tclk - Reference Clock Cycle Time

Tcs - Clock Skew

Tf - Fall Time

Th - Hold Time

Tp - Propagation Delay

Tr - Rise Time

Ts - Set-up Time

TTL - Transistor-Transistor Logic

uA - micro Amperes, 1 millionth of an Ampere

Vref - Reference Voltage

21
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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
Contract Data Requirements List (CDRL) item A011 for work being performed
undeir 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 scPE

This specification states the electrical interface and clock requirements for
VHSIC Phase 2 integrated circuits.

1.2 2uM2oL.

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 ENTENDED APPLTCATTON.

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 they must also require only the DFNCLK
and SYSCLK clocking inputs.

• Electrical logic levels for point-to-point binary data interchange.

4
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Section 2

APPLICABLE DOCUMENTS

2.1 GOVENM!NT 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.

0 VHSIC Phase 2 Interoperability Standards ETM-Bus Specification.

2.2 NON-GOVENM4ENT 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.

0 None
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Section 3

DEFINITIONS

The definitions listed herein shall apply.

absolute maximum rating 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.

operating conditions 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 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 sections 4.2.2.2 and 4.2.2.3.

clock skew 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

duty cycle The duty cycle shall be defined as the time the

clock is higher than the midpoint value divided by
the total clock period.

6
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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 td is constant.

sow I

SOWna 2

Figure 2: Timing Relationship of Two Synchronous Signals

7
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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 REOUTREMENTS

4.1.1 ARAOLUT MAXTMM RATTG

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 OPERATTNG CONDITION

The DC voltage applied to any +3.3 volt nominal power input during operation
shall be +3.3 volts ±5 percent (3.135 volts to 3.465 volts).

The DC voltage applied to any +5.0 volt nominal power input during operation
shall be +5.0 volts ±10 percent (4.5 volts to 5.5 volts).

4.2 DC ELECTRICAL LIMITS FOR INPUTS AND OUTPUTS

4.2.1 ABSOLUTE MAXTMUlM 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 OPERATING CONDITIONS

4.2.2.1 Input And Outtput (I/O) Caoacitance

Capacitance to ground and other lines shall be specified for each integrated
circuit input and output.
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4.2.2.2 High-level ITnnut Volaae VTH1

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 Low-level Input Voltage (VTLI

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 dc limits for the specified setup/hold time from
section 4.3.2.6.

4.2.2.4 Leakaae Current, TL)

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 (VON)

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 Out2u Volta(e 1VOL)

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 Current (TQLj

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 CurrAnt (TIOH-

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 REOUIREMENTS

4.3.1 GPNEPAL DESCRIPTTON

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.

9
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The signal DFNCLK is intended to be used as a synchronization signal 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 a qACTRIT Or RYLK

4.3.2.1 Frogionn

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 DutX cyle

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 Clonk Rig. 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 Trailing Ede 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.

DSNCLK

ST SCLX

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

Figure 3: Clock timing
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4.3.2.6 Aatu2 Tima/Hnld Timo Aoacifination

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 Output 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 E1ctrical Limits for RYSCLK

SYSCLK shall comply with Section 4.2.2.

4.3.3 Characntristics of DFNCLK

4.3.3.1 £xozMnc

The frequency of DFNCLK shall be the frequency of SYSCLK divided by 16.

4.3.3.2 Duty c

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 Rige 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 Trailing Edae Operation

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
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4.3.4 rlgek Skew Rganjirarnantm

4. 3. 4. 1O5

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 SYrCLK to DFNCLK

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 Relatinnhin to RECrT.K

4.3.5.1 Searate Dl0ZLK and REFC!K

Chips with separate DFNCLK and REFCLK inputs shall be capable of operating
with both pins connected to DFNCLK.

4.3.5.2 QFNCK am RP'CLK

Chip specifications v require use of DFNCLK as the REFCLK signal in the
ETM-bus. Furthermore if A" 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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