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1. SCOPE:

This document is a result of the desire for interoperability of modules on a Pi-Bus. This standard is a stand
alone document that used the Very High Speed Integrated Circuit (VHSIC) Phase 2, Interoperability
Standard PI-Bus Specification 2.2, as a starting point.

1.1 Purpose:

This standard defines a bus and module interface to the Pi-Bus. This standard specifies the
requirements fanetionsfor-theP=Bus—sideof aBtusInterfacetmnit (B:U) needec-to-facylitate the
interoperability of modules on a Pi-Bus for avionics systems. The corresponding software/device side
interface reqdirements are not specified in this standard.

1.2 Field of Application:

The Pi-Bus if intended to provide a Master-Slave communications path for transferring digital messages
between a sdt of up to 32 modules residing on a single backplane:

1.3 Classificatior:
Bus configurations and modules which conform to this standard are specified in Table|1:

TABLE 1 - Bus Configuration Types

Type Class Mode Feature Description
16 ED - SO 16.bit data transfer, error detecting, Slave only opgration
16 ED - M&S 16 bit data transfer, error detecting, Master and Slgve only operation
32 EC Nonmixed SO Operate as EITHER a 32 bit data transfer, error cgrrecting, OR 16 bit

data transfer, error detecting, Slave only operation

32 EC Nonmixed M&S Operate as EITHER a 32 bit data transfer, error cgrrecting, OR 16 bit
data transfer, error detecting, Master and Slave only operation

32 EC Mixed SO Operate as BOTH a 32 bit data transfer, error corrgcting, AND 16 bit
data transfer, error detecting. Slave only operation

32 EC Mixed M&S Operate as BOTH a 32 bit data transfer, error correcting, AND 16 bit
data transfer, error detecting, Master and Slave only operation
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1.3 (Continued):

1.3.1 16 ED Mode:

1.3.2

1.3.3

ED or 32 EQ) sequence to perform.
2. REFERENCES
2.1 Applicable Dopuments:
2.1.1 Military Docyiments:
VHSIC Phage 2 Interoperability Standard PI-Bus
Ver. 2.2 Specification
15 Mar 90
2.2 Definitions:

The module

All modules and buses shall be capable of operating in Type 16, Class ED mode.

shall be capable of participating in 16 ED Vie and message sequences.

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

A 16 ED module shall be configurable to operate on one of two separate 16 ED buses.

32 EC Nonnluixed Mode: A 32 EC nonmixed mode module shall be configurable,te_g

16 ED config
asal6 ED
correction b
message se

32 EC Mixed Mode:

configuratior

In the secon
message se

configuratior
as a 32 EC hus. A 32 EC mixed mode module operating in the second configuration

interoperabl

Js

uration or a 32 EC nonmixed mode configuration. In a 16 ED configuratid
odule. In the 32 EC nonmixed mode configuration, it shall operate on a
(which contains only modules operating in 32 EC nonmixed mode) usi
fjluences.

A 32 EC mixed mode module shall be configurable to operate
s. The first configuration is the 32 EC nonmixed mede configuration.

g configuration, it shall be capable of performifig 16 ED Vie, 16 ED mesg
juences, to allow interoperation of 16 ED medules and 32 EC mixed mod
, the module shall be configurable to operate on one of two separate 16

e with a 32 EC nonmixed mode madule operating in the 32 EC configura

perate in either a
n, it shall operate
single error

hg 32 EC Vie and

n one of two

age and 32 EC

e modules. In this
ED buses as well
ill not be

ion. This

configuration shall use the format bit, DF<0>, ahd DC<0> to determine which message Type (i.e., 16

The definitions listed herein shall apply to the Pi-Bus and the Pi-Bus module.
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2.2.1 Item Definitions: The Pi-Bus is a linear, multidrop 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 (SO) or Master and Slave portions
of the Pi-Bus protocol as specified herein.

Figure 1 illustrates the Pi-Bus and Pi-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 Pi-Bus Master-Slave communications protocol.

The device portion of each module is modeled as a virtual memory space with a,32*bjt address range.
The Bus Intefface is modeled as a separate memory space with an 8-bit Data Link register address
range. A sepgrate, 8-bit module virtual address called the Slave ID is used by-the bug Master to select
one or more mmodules to participate in a particular communications sequehce’as Slave(s).

Moduie 0 Module 1 Module 31
Device Device Device
232 232
Virtual Virtual
Address Address
Space Space

l |
s BUS
INTERFACE INTERFACE
2”8 2"8
DATA DATA
LINK LAYER UNK LAYER
REGISTER REGISTER
ADDRESS ADORESS
SPACE SPACE
Pl-bus
[ R X}

MODULE VIRTUAL ADDRESS SPACE (SLAVE ID) = 28
- PHYSICALSLAVEID 0-31
- BROADCAST ADDRESS 32
- LOGICAL SLAVE ID 33-255

FIGURE 1 - Conceptual Model of Bus and Modules
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2.2.2 Term Definiti

Il

ons:

The concatenation operator for groups of bits.

The definitions given below shall apply to the Pi-Bus and Pi-Bus modules.

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 transactions.

ARBITRATION: The process by which a single bus Master is selected from competing potential bus

Masters.

ASSERT (Sl
asserted, log

ASSERTED
bus signal lin

BACKPLANE:

to the bus.

BROADCAS
single transfe

BUS ACQUI

Mastership tp the time at which that module becomes bus Master.

BUS INTERH

BUS MASTH

BUS TENURE: The period of time between the time a bus Master gains control of th

time at which
asserted.

CONTENDE

DATUM: A

[SNAL):  The action of changing the state of a bus signal line from relea
ic 1, or of ensuring that the line remains in the asserted state.

SIGNAL):
e.

The logic 1 state of a bus signal line. The least positive of th

A motherboard comprising wiring for the bus and eonnectors to the n

T: A mode of operation where the bus Master transmits data to all mod

—

SITION LATENCY: The time from thechighest priority module’s request

ACE: This is a synonym for active Bus Interface.

R: The module currently'in’ control of the bus.

control is released) Control is released when the bus is returned to Idle w

R: A potential bus Master module which is actively vying for bus Maste

upit\of information that matches the width of the Data Line Group.

ed, logic 0, to

e two states of a

odules attached

iles during a

for bus

e bus and the
ith no wait states

ship.

DEVICE: The portion of a module, excluding the Bus Interface, which does the application dependent

function of th

e 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 bit is labeled bit 0.

LINEAR BUS: A bus with a single shared medium segment.

-10 -
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2.2.2 (Continued):

MESSAGE: A set of sequences starting with a header and terminating when all bus actions indicated
by the 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 transmits data to more than one Slave during a
single transfer.

NONTRANS
asserted or @
not used dur

PARTIAL ME
Suspend, Ab

POST (SYM
group of bus
appears that

RELEASE (9
releasing a §
that signal.

RELEASED
signal assoc
volt logic refe

SEQUENCE
function.

ER CYCLE: A bus cycle that immediately follows a bus cycle in which
ne of the VZ, HZ, or DZ cycles specified in the protocol. Information lon-t
ng a nontransfer cycle.

SSAGE: A sequence starting with a header and terminating premature
ort, or other exception indication prior to a normal completion.

BOL):
lines, such that either the associated symbol appears on the group or ar
is the result of individual line ORing of simultaneously posted symbols.

IGNAL): The action of ceasing to assert\a‘fogic 1 on a bus signal line.

gnal line produces a change in the state,of the signal line only if no mod

SIGNAL): The logic 0 state ofia bus signal line produced when no mog
ated with that line. The more positive of the two states of a bus signal lin
rence.

A transaction comprising a number of ordered transfers performing on

SLAVE: A

SYMBOL:
binary enco
correct parit

odule which-is selected by the bus Master to participate in a message S

unit{of information on a particular group of bus lines, as represented by

a valid Wait is
he Data lines is

ly due to a

The action taken to assert and/or release individual bus lines within one particular

other symbol

'he action of
ile is asserting

ule asserts the
p relative to the O

e intended

equence.

a particular
herein: including

ing ofbits. A valid symbol is one which conforms to the signal definitions

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.

WORD: 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 O.

-11 -
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2.3 Abbreviations and Acronyms:

A

AB
ABnN
ACK
AS

AT
AWMO

AWS
AWT
B

BIT
BIU
BR
CT
CTC
D
DAO
DAN
DC
DF
Dn
Dz
EC
ED
EH

F

H
HAN
HAO
Hn
HO
HWA
HWB
HWCO
HWC1
HZ
ID
lol
MID
MIP
MS
NAK
NS
NT
RC
RCG
RCW
RCWO
RCW1
S

- Acknowledge

- Abort

- Last Abort Cycle n

- Acknowledge

- Acknowledge Line Set

- Access Type

- Multiple Slave Status Word
AWML1..4 - Multiple Slave Acknowledge Words

-S
-A
-B
-B
-B
-B
-C
-C
-D
-D

ngle Slave Acknowledge Word
tknowledge Word Type

ISy

ilt-in Test

IS Interface Unit

IS Request Lines

cle Type

cle Type Check

hta Cycles or Data Lines

hta Acknowledge Word O

- Last Data Acknowledge Cycle

-D
-D

hta Check (Lines)
ata Format Line

- Last Data Cycle

-D
-E
-E
-E

pcision Cycle After Data
ror Correction

ror Detection

tended Header

- Format

-H

-L
-H
-H
-H
-H
-H
-D

pader

ader Acknowledge Word O
st Header Cycle

pader O

pader Word A

pader Word'B

pader\Word CO

paderWord C1

- L}st Header Acknowledgée Cycle

beision Cycle After Header

entrication

- Low-level Output Sink Current
- Module Identification

- Module Identification Parity
- Master Slave

- Negative Acknowledgment
- Not Selected

- Nontransfer

- Resume Control

- Recognize

- Resume Control Word

- Resume Control Word 0

- Resume Control Word 1

- Suspend

-12 -
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2.3

VPO0..8 - Vie|Priority Code Bits
VZn - Degision Cycle for Vie Cycle n
W - Wajt (Lines)

3. PHYSICAL LAYER:

3.1

3.2

3.2.1 Nomenclatun

(Continued):

SH - Short Header

SO - Slave Only

SS - Single Slave

SSR - Single Slave Read

SSW - Single Slave Write

Tf - Fall Time

Tr - Rise Time

Tpdlh - Minimum and Maximum Propagation Delay
\% - Vie

VCO - Aggregate Vie Code

VHSIC - Veny High Speed Integrated Circuit
Vih - High Level Signal Line Input Voltage
Vil - Low Level Signal Line Input Voltage
Vn - Vie|Cycle n

Vol - Loy

Introduction:

The physical I
defined, includ
of the module i

Line Definition
The Pi-Bus sig

encoding used
symbols allowe

Level Output Voltage

ng those used for signal line-error detection and correction. The electrica
nterfaces and backplane, are specified and timing definitions are present

.
nal, clock, and-Module Identification (MID) lines are defined in this sectio
to achievessignal line error detection and correction is specified by defin

d for each-signal line group.

e~ \Lines shall be designated by name or by capital letter abbreviations,

yer of the Pi-Bus is specified herein. Signal lines required to implement the Pi-Bus are

| characteristics
bd.

N. In addition, the
tion of the valid

e.g., Data or D.

Where a set

f related lines are represented by the same name, the lines within the s

pt shall be

differentiated by number with the least significant bit numbered 0. The nomenclature for signal lines
shall be the letter abbreviation for the line name followed by the bit number enclosed in < >, e.g., D<0>.
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..0>, 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<1>, and D<7>.

-13-
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3.2.1

3.2.2

3.2.2.1 Data Line

3.2.2.1.1 Data Liné

3.221.2

(Continued):

P<x> shall designate the parity (modulo 2 sum) of the set of signal lines defined by X. Thus P(D<15..0>,
DC<0>) designates the parity of the 16 bits present on the Data lines plus the Data Check Line and
P(D<15..0>, DC<0>)=0 represents even parity over the specified lines.

Bused Signa

| 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, Class, and Mode by Table 2. Any implemented bus signal lines which
are not required during an operation of a particular Type, Class, and Mode shall be released during that

operation.

Symbols pos
diagnostic b

As arequireg
which provid

be used in bys diagnostics and fault isolation. In addition, no signal line shall be asse
ied to the Pi-Bus module until the module has completed reset as defingd in 4.3.8.
| not assert any signal line in violation of this specification during power failure.

power is app|
Modules shal

For a particu

Check (DC
and ackno
also be use

shall be t

16-bits, the most significant portion shall be transferred first.

D lines -
be the led
D<15..0>
first.

ted onto signal lines shall be valid symbols as specified in this segtion, e
s operations, invalid symbols are allowed as specified in 4.3.9,5:

device function, Pi-Bus modules shall provide a command path indepeng
bs a way to force all Pi-Bus signal lines to be releaseddy the module. Thj

ar Type, Class, and Mode, only those lings required in Table 2, shall be

5roup (D//DC): The Data Line Group, shall consist of the Data (D) lines
lines. The Data Line Group is a sétbof bidirectional lines which shall trans
vledge information between thelbus Master and the Slave(s). The Data L
d to resolve priority during-a-Vie sequence.

ne least significant @nd D<15> the most significant line. If data to be tran

Type 32: _Fype 32 modules and buses shall provide 32 Data lines, D<3
ISt significant and D<31> the most significant line. Type 16 data transfers

kcept that during

ent of the Pi-Bus
s capability may

ted from the time

sourced.

and the Data

fer header, data,
ine Group shall

s - Type 16:  Type 16:modules and buses shall provide 16 Data lines, [D<15..0>. D<0>
sferred exceeds

|..0>. D<0> shall

shall always use

. If data to be transferred exceeds 32-bits, the most significant portion shill be transferred

-14 -
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TABLE 2 - Pi-Bus Signal line Requirements By Type, Class and Mode

Lines Required (Yes/No) Lines Required (Yes/No)

Lines Required (Yes/No) Type 32 Type 32
Type 16 Class EC Class EC
Name Class ED Nonmixed Mode Mixed Mode
Data (D) No Yes Yes
D<31..16> Yes Yes Yes
D<15..0>
Data Check (DC)
DC<8> No No Yes
DC<7..1> No Yes Yes
DC<0> Yes Yes Yes
Cycle Type (CT)
CT<2..0> Yes Yes Yes
CT Check (CTC)
CTC<2,1> No Yes Yes
CTC<0> Yes Yes Yes
Acknowledge Set [AS)
AS<5,4> No Yes Yes
AS<3..0> Yes Yes Yes
Wait (W)
W<2> No Yes Yes
W<1,0> Yes Yes Yes
Bus Request (BR)
BR<2> No Yes Yes
BR<1,0> Yes Yes Yes
Data Format (DF<0>) No No Yes
TOTAL Lines Reqgpired 29 58 60
3.2.2.1.3 Error Pfotection for the Data Line Group: The Data line Group shall use even parity for Class ED
operatign-and an error correcting code for Class EC operation when there is a sihgle 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. All participating modules shall operate with the same Class.

3.2.2.1.3.1 Class ED Operation:

3.2.2.1.3.1.1 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.

3.2.2.1.3.1.1.1 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..0>//DC<0> satisfies P(D<15..0>//DC<0>) = 0. A symbol on
D<15..0>//DC<0> which does not satisfy P(D<15..0>//DC<0>) = 0 shall be defined as an
uncorrectable line error and shall be reported as defined in 4.3.9.2.

- 15 -
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3.2.2.1.3.1.1.2 Type 32: Type 32, Class ED operation is not permitted.

3.2.2.1.3.1.2 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..0> as duplicate line sets.

Usage of the Data lines for Vie and multiple Slave Acknowledge cycles is specified in 4.3.3.1
and 4.2.3.3.2, respectively.

Durin
D<15
error

parity
Ackn
acco

The 4
ignors
4.3.3
3.2.2.1.3.2 Class H
3.2.2.1.3.2.1 Singl
symb
Chec
3.2.2.1.3.2.1.1 Tyj

3.2.2.1.3.2.1.2 Ty{
Che

g multiple Slave Acknowledge cycles a mismatch between the symbol us

ng the Data lines

.8> and the symbol using Data lines D<7..0> shall be defined as an unc
hnd shall be interpreted according to Table 54. During multiple Slave ‘Ack
shall not be asserted. However, parity shall be checked during multiple

pwledge cycles and an asserted Data Check line shall be reported as an
dance with the Error Tables.

ssertion of a Data Check line and the detection of a data parity error dur
bd. The interpretation and handling of Data line errorsidetected during Vi
1.

FC Operation:

e Source: During bus cycles, in which.agsingle source is specified for the
bIs for the Data line Group shall use modified Hamming encoding as spe|
lines that are not specified in thé\subparagraphs below, shall not be asg

e 16: Type 16, Class EC gperation is not permitted.

e 32 Nonmixed Mode;\Fhe module that sources the Data lines shall alsd

prrectable line
howledge cycles,
Blave

error in

ng Vie shall be

b are defined in

Data lines, valid
cified. The Data
erted or checked.

source the Data

Se@ 0 a0 o

ck lines, such that'the set of symbols on D<31..0>//DC<7..0> satisfies:
P[ DC<7>5%D<31, 30, 25, 24,23,19,15,14, 9, 8,7, 3> ] = O
P[ DC<6=, D<29, 28, 27, 26, 22,18, 13, 12,11,10,6, 2> ] = O
P[ DEs5>, D<29,28,27,26,21,17,15,14, 9, 8,5, 1> ] = 0
P[ . DC<4>, D<31, 30, 25, 24, 20, 16, 13,12,11,10,4, 0> ] = 0
RE.XDC<3>, D<31, 27,23, 22,17,16,15,11, 7, 6,1, 0> ] = 0
P—BE<ts—B<36 262+ 2010481440545

P[ DC<1> D<29,25,23,2217,16,13, 9, 5 4,3, 2> ] = 0
P[ DC<0>, D<28,24,721,20,19,18,12, 8, 7, 6,1, 0> ] = O
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3.2.2.1.3.2.1.3 Type 32 Mixed Mode: The module that sources the Data lines shall also source the Data
Check lines, such that the set of symbols on D<31..0>//DC<8..0> satisfies:

T Temoo0 T

3.2.2.1.3.2.2 Mul
and
sou
the

Usal
spe

Dur
Dat
The|
sha

NO]

3.2.2.2 Cycle Ty
and the C
bus Mast
encoded

P[ DC<8> D<28,24,21,20,19, 18,12, 8, 7, 6, 1, 0> | =
P[ DC<7>, D<31,30,25,24,23,19,15,14, 9, 8, 7, 3> | =
P[ DC<6>, D<29,28,27,26,22, 18,13, 12,11,10,6, 2> | =
P[ DC<5> D<29,28,27,26,21,17,15 14, 9, 8,5 1> | =
P[ DC<4> D<31,30, 25,24, 20, 16, 13,12, 11,10, 4, 0> | =
P[ DC<3> D<31,27,23,22 17, 16,1511, 7,6, 1, 0> | =
PF—DE<2>——P<30-26:2420- 1948410 5—4—3—5>+ =
P[ DC<1> D<29,25,623,22 17,16,13, 9, 5, 4, 3, 2> ] ,5

P[ DC<0>, D<15..0>

tiple Sources: During Vie, nontransfer cycles before multiple ‘Stave Ack]
multiple Slave Acknowledge cycles, the Data and Data Chéeck lines mayj
ces. For those operations, modules shall post triplicate.capies of the requ
Data and Data Check lines D<15..8>, D<7..0> and DG<7..0> as triplicate

ge of the Data and Data Check lines for Vie andimultiple Slave Acknowld
Cified in 4.3.3.1 and 4.2.3.3.2, respectively.

ng Vie and multiple Slave Acknowledge;¢cycles a mismatch between the
h lines D<15..8>, Data lines D<7..0>_and Data Check lines DC<7..0> shg

| be reported as defined in 4.3:9.1.

no detectable uncorrectable line errors for the Data Line Group.

pe Line Group (CT//ETC): The Cycle Type Line Group shall consist of thg
ycle Type Chetk (CTC) lines. The Cycle Type Line Group is a set of ling
br shall post’symbols to indicate the current bus Cycle Type. The bus Cy,
s shownlin)Table 3.

TABLE 3 - Pi-Bus Cycle Types and Valid Symbols

[eNeoNoNeolNolNoNolNe]

howledge cycles,
have multiple

ired symbols using
line sets.

bdge cycles is

symbols using the
Il be correctable.

corrected symbol shall be the symbol posted on two of the three triplicate copies. An error

[E: During Vie and multiple’ Slave Acknowledge cycles for Type 32 EC fransfers, there are

e Cycle Type (CT)
s onto which the
Cle Types shall be

Cycle Type Abbr. Class ED Symbol Class ED Symbol Class EC Symbol Class EC Symbol
CT<2..0> CTC<0> CT<2..0> CTC<2..0>
Abort AB 111 1 111 001
Acknowledge A 011 0 011 110
Data D 001 1 001 011
Header O HO 101 0 101 100
Header H 010 1 010 101
Idle I 000 0 000 000
Suspend S 110 0 110 010
Vie Vv 100 1 100 111
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3.2.2.2.1 Class ED: The module that sources the Cycle Type lines shall also source the

Cycle Type Check

line, such that the set of symbols on Cycle Type<2..0>//CTC<0> satisfies P(CT<2..0>//CTC<0>) =
0. A symbol on Cycle Type<2..0>//CTC<0> which does not satisfy P(CT<2..0>//CTC<0>) = 0 shall

be defined as an uncorrectable line error, interpreted according to Table 54 and
accordance with the Error Tables.

3.2.2.2.2 Class EC: The module that sources the Cycle Type lines shall also source the

reported in

Cycle Type Check

lines. The set of symbols on Cycle Type<2..0>//CTC<2..0> shall produce a Cycle Type Syndrome

(CTS<2..0>) defined by:

a. CTp<2> = P(CTC<2>, CT<2,1>)
b. CTe<l> = P(CTC<1l>, CT<2,0>)
c. CTH<0> = P(CTC<0> CT<2..0>)
The CTJ/CTC symbols shall be interpreted as follows in Table 4:

TABLE 4 - Interpretation of Cycle Type Symbols

CTS<2..0> Error CT Bit in Error
000 No Error None
001 Correctable CTC<0>
010 Corregtable CTC<1>
011 Correctable CT<0>
100 Correctable CTC<2>
101 Correctable CT<1>
110 Uncorrectable N/A
112 Correctable CT<2>

When gn uncorrectable line error is detected, it shall be interpreted in accordanc
errors ghall be reported in accordance with the Error Tables.
NOTE:| Some:double bit errors will be erroneously corrected.

3.2.2.3 Acknowlgdge‘Line Set (AS): The Acknowledge Line Set is a group of lines onto

b with Table 54. All

vhich the Slave(s)

or contendersshattpostsymbotstoimdicate syrchromnizatiom or tosigraturcorTet

errors. Valid symbols for the Acknowledge Line Set shall be as defined in Table 5.

TABLE 5 - Acknowledge Line Set Valid Symbols

able detected

Class ED Class ED Class EC Class EC Class EC
Symbol Symbol Symbol Symbol Symbol
Response Abbr. AS<3,2> AS<1,0> AS<5,4> AS<3,2> AS<1,0>
Acknowledge ACK 10 10 10 10 10
Negative ACK NAK 11 11 11 11 11
Not Selected NS 00 00 00 00 00
Recognize RCG 01 01 01 01 01
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3.2.2.3.1 ClassED: A mismatch between the symbol using the Acknowledge lines AS<3,2> and the symbol
using Acknowledge lines AS<1,0> shall be defined as an uncorrectable line error, interpreted
according to Table 54 and reported in accordance with the Error Tables.

3.2.2.3.2

Class EC: A mismatch of either the triplicated signal set AS <5,3,1> or AS <4,2,0> shall be

correctable. The corrected signal shall be the signal posted on two of the three triplicated signals.
An error shall be reported as defined in 4.3.9.1.

3.2.2.4 Wait (W)
Slave(s)
accept in

3.2.2.4.1 Class
as redu

=11, w§

line errq
with the
3.2.2.4.2 ClassH
operate
and W4

correctable. The correct symbol on the triplicate;lines shall be the symbol posted

lines. T

3.2.2.5 Bus Reqgyest (BR) lines:

be assert

3.2.25.1 ClassH
operate
and BR
be uncq
reporte
3.2.25.2 ClassH
operate

fflormation from the bus.

bus Master and
the bus or to

Lines: The Wait lines shall be a set of redundant lines which the current

D: Class ED modules and buses shall provide two Wait lines, W<1,0>,
dant lines. Valid symbols for this case shall be W<1,0> = 00, ho wait re
it requested. The symbol W<1,0> = 01 and the symbol W<{,0> = 10 sh
prs. The Wait lines shall be interpreted according to Table/54 and reportg
Error Tables.

that shall operate
uest, and W<1,0>
Il be uncorrectable
d in accordance

>, that shall

no wait request,
nes shall be

on two of the three

C: Class EC modules and buses shall providéthree Wait lines, W<2..Q
as redundant lines. Valid symbols for this casé shall be W<2..0> = 000,
2..0> =111, wait requested. A mismatch bétween the three redundant li

he error shall be reported in accordance’with 4.3.9.1.

The Bus Request’lines shall consist of a set of redundapt lines which shall

bd to request that the current-bus Master release the bus.

D: Class ED modules and buses shall provide two Bus Request lines, BR<1,0>, that shall
as redundant lines~Valid symbols for this case shall be BR<1,0> = 00, jo Bus Request,
<1,0> =11, Bus Reguested. The symbol BR<1,0> = 01 and the symbol BR<1,0> = 10 shall
rrectable line_errors. The Bus Request lines shall be interpreted according to Table 54 and
| in accordance with the Error Tables.

C: Class EC modules and buses shall provide three Bus Request lines, BR<2..0>, that shall
as redundant lines. Valid symbols for this case shall be BR<2..0> = 000f no Bus Request,

and BR

<270> = 111, Bus Requested. A mismatch between the three redundant|lines shall be

correctable. The correct symbol on the triplicate lines shall be the symbol posted on two of the three
lines. The error shall be reported in accordance with 4.3.9.1.

3.2.2.6 Data Format (DF) Line:

The Data Format line is only used for mixed mode operation. The Data

Format line shall consist of a single line, DF<0>, which shall indicate the message type. The Data
Format line shall be asserted only during Cycle Type Header O (HO).

-19 -



https://saenorm.com/api/?name=de1378633c59c32c89fff66676e00345

SAE AS4710

3.2.26.1

3.2.2.6.2
DF<0>.

3.2.2.6.3

Class EC Nonmixed Mode:

Class EC Mixed Mode:

Class ED: Class ED modules shall not source the Data Format line, DF<0>.

Class EC mixed mode modules shall provide a Data For

Class EC nonmixed modules shall not source the Data Format line,

mat line, DF<0>.

Valid symbols for this case shall be DF<0> =0, Type 16 ED message transfer, and DF<0> =1, Type
32 EC message transfer.

3.2.3 Bus Clock:

Bus Clock shall be a single phase clock. All bus timing shall be referenced to the

high-to-low t
scope of this
timing constr
3.2.4 Module Ident
on the Pi-Bu

3.2.4.1 Module Ids
shall be us
shall consi

3.2.4.2 Module Ids
MID<4..0>

3.2.5 32-Bit EC/DU
ED Class on
signals shall
depends on

the second and fifth columns (where column one is the far left column) of Table 6 defir

32 EC signal
selected, the
primary and
3.2.6 Signal Drivef
transceivers
bit Pi-Bus sig

ansition of the Bus Clock. The generation and distribution of Bus Clock |
specification. However, the period of Bus Clock shall be selected to gua

ification (MID): Pi-Bus modules shall have inputs for a set of lines that s
5 backplane to provide a unique module identification.

ntification (MID) Lines: The set of 5 MID lines shallbe hardwired on the
bd by the module as the module’s physical identification code. The identi
t of an unsigned binary number in the range of 0-31, inclusive, encoded

ntification Parity (MIP) Line:
MIP<0> satisfies P(MID<4..0>//MIP<0z) = 1.

either of two buses (primary orbackup). The two 16-bit Pi-Buses and thg
be paired as shown in TableB."Interpretation of the backpanel signals by
vhether the primary or backup 16 ED bus is selected. If the 16 ED primar

5 to the 16 ED primary and backup signals, respectively. If the 16 ED ba
third and sixth celumns of Table 6 define the mapping of 32 EC signals
backup signals,\respectively.

Partitioning: The ability to detect a failure in a Pi-bus transceiver when
n a package fail depends upon which signals use the package. The part
nalsshown in Table 7 shall be used for octal transceiver implementations

insures that & failure of all bits within an octal transceiver will be detected, |

5 beyond the
antee that bus

pints are satisfied for the bus delays and clock skews resulting from'the hackplane design.

hall be hardwired

b backplane and
fication codes
in MID<4..0>.

A MIP line shall be hardwired on the backplane, such that

al 16-Bit ED Interoperability: A:32:bit EC module shall be capable of operating in the 16

32-bit Pi-Bus
32 EC modules
 bus is selected,
e the mapping of
Ckup bus is

othe 16 ED

all of the
tioning of the 32-
This partitioning

Signal partitioning with other than octal driver packages should consider the error detection effects of
completely failing transceiver packages. For example, signals cannot be partitioned in a 16-bit package
such that a failing package can always be detected.
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TABLE 6 - Pi-Bus Signal Pairing

Primary 32-Bit Signal 32-Bit Signal Backup 32-Bit Signal 32-Bit Signal
16-Bit Primary Backup 16-Bit Primary Backup
Signal Selected Selected Signal Selected Selected

P-D<15>1 D<15> D<19> B-D<15>2 D<19> D<15>
P-D<14> D<14> D<18> B-D<14> D<18> D<14>
P-D<13> D<13> D<17> B-D<13> D<17> D<13>
P-D<12> D<12> D<16> B-D<12> D<16> D<12>
P-D<11> D<TT> D<3T> B-D<11> D<3T> D<11>
P-D<10> D<10> D<30> B-D<10> D<30> D<10>
P-D<09> D<09> D<29> B-D<09> D<29> D<09>
P-D<08> D<08> D<28> B-D<08> D<28> D<08>
P-D<07> D<07> D<27> B-D<07> D<273 D<07>
P-D<06> D<06> D<26> B-D<06> D<26> D<06>
P-D<05> D<05> D<25> B-D<05> D<25> D<05>
P-D<04> D<04> D<24> B-D<04> D<24> D<04>
P-D<03> D<03> D<23> B-D<03> D<23> D<03>
P-D<02> D<02> D<22> B-D<02> D<22> D<02>
P-D<01> D<01> D<21> B-D<01> D<21> D<01>
P-D<00> D<00> D<20> B-D<00> D<20> D<00>
P-DC<0> DC<0> DC<3> B:DC<0> DC<3> DC<0>
P-CT<2> CT<2> DC<6> BLCT<2> DC<6> CT<2>
P-CT<1> CT<1> DC<5> B-CT<1> DC<5> CT<1>
P-CT<0> CT<0> DC<4> B-CT<0> DC<4> CT<0>
P-CTC<0> CTC<0> BR<2> B-CTC<0> BR<2> CTC<0>
P-AS<3> AS<3> CTC<2> B-AS<3> CTC<1> AS<3>
P-AS<2> AS<2> DC<2> B-AS<2> DC<2> AS<2>
P-AS<1> AS<1> DC<7> B-AS<1> DC<7> AS<1>
P-AS<0> AS<0> CTC<2> B-AS<0> CTC<2> AS<0>
P-W<1> Ww<1> AS<4> B-W<1> AS<4> W<1>
P-W<0> W<0> DC<1> B-W<0> DC<1> W<0>
P-BR<1> BR<1> W<2> B-BR<1> W<2> BR<1>
P-BR<0> BR<0> AS<5> B-BR<0> AS<5> BR<0>
- DF<0> DC<8> - DC<8> DF<0>
1P - Primary Bus signal
2 B - Backup Bus signal
TABLE 7 - Signal Partitioning
Xevr 1 Xcvr 2 Xcvr 3 Xcvr 4 Xcvr 5 Xcvr 6 Xevr 7 Xcvr 8
D<31> D<27> D<23> D<19> D<15> D<11> D<07> D<03>
D<30> D<26> D<22> D<18> D<14> D<10> D<06> D<02>
D<29> D<25> D<21> D<17> D<13> D<09> D<05> D<01>
D<28> D<24> D<20> D<16> D<12> D<08> D<04> D<00>
DC<08> DC<07> DC<04> DC<03> DC<00> AS<02> AS<01> DF<00>
DC<06> DC<05> CTC<02> CTC<01> AS<03> CT<02> CT<01> AS<00>
AS<05> AS<04> DC<02> BR<02> CTC<00> BR<00> W<01> CT<00>
- - DC<01> W<02> BR<01> - - W<00>
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3.3 Electrical Requirements:

Electrical characteristics for the Pi-Bus backplane and modules shall be as specified herein.

3.3.1 Backplane Requirements:

3.3.1.1 Bus Signal line Characteristic Impedance: Pi-Bus signal lines shall have a characteristic impedance
of not less than 20 Wand not more than 50 Wfor all operating and module loading conditions. The
characteristic impedance of less than 50 W shall apply to any segment of a bus signal line in a
backplane which has all the module mating connectors attached but no modules installed. The

characterigtic impedance of not less than 20 W shall apply to any segment of a bus
backplane
as specifie

The maxim
be less tha
exhibits thed

NOTE:

3.3.1.1.1 Example

a. Defin

1)
)
®3)
(4)
(®)
(6)
()
(8)

T
P
of
oll

Which has all modules installed and each module exhibits the maximunyi
Hin 3.3.2.2.1.1.

um round trip bus signal line propagation time measured at the module ¢
h or equal to 20.0 ns in a backplane which has all modules iAstalled and
maximum input capacitance as specified in 3.3.2.2.11»

nis round trip signal propagation time allows any ingident signal edge refl
opagate back to the source by the end of the current bus cycle. Hence, ¢
eration is not required on incident signal edges. This also greatly reduceg
rrent bus signal reflections upon the next bus cycle.

Bus Analysis:

itions:

CO = Capacitance/unit length of backplane stripline without connectors o
O = Inductance/unit length of backplane stripline

CV = Capacitance of connector mounting via

CC = Capacitance of mating connector pin

CA.=’Added loading capacitance/unit length

Bignal line in a
hput capacitance

bnnector pin shall
each module

pctions to
orrect signal
s the effects of

I mounting vias

S = Module spacing

Z0O = SQRT(LO/CO) = Characteristic impedance of backplane stripline

PO = SQRT(LO X CO) = Propagation constant of backplane stripline

(9) ZA = ZO/(SQRT(1 + CA/CQ)) = Characteristic impedance of loaded backplane
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3.3.1.1.1 (Continued):

3.3.1.1.2 Analysis

3.3.1.2

3.3.1.3

3.3.14

3.3.15

3.3.1.5.1 Voltage Levels:

3.3.1.5.2 Rise and Fall Time:

(10) PA=PO X (SQRT(1 + CA/CO)) = Propagation constant of loaded backplane

(11) ZzU = Unloaded backplane characteristic impedance (backplane stripline plus vias and

mating connectors)

(12) ZL = Fully loaded backplane characteristic impedance (unloaded backplane plus

modules)

CO =14
Z0 =16
PO =0
Ccv=¢

oo

Module mg
picofarads

This analyy
tolerances

Bus Signa
circuit whig
less than +
between 3

Bus Signa
that the m4
end of the

Module ldg

= 65/SQRT(L + 1.0/(0.6 X 2.46)) W= 50.2 W
5/ISQRT(L + (1.0 + 13.2)/(0.6 X 2.46))) W= 19.9 W

Typical values tor a stripline in an epoxy-glass backplane are:

.46 picofarads/inch
5 W

.16 ns/in

.4 picofarads

ting connectors are mounted on 0.6 in centers and the connector capaci

16 X SQRT(1 + (1.0 + 13.2)/(0.6 X 2.46))) ns/in = 0.52 ns/in

is shows that the bus impedance:is’approximately met, however, manuf
have not been taken into account.

Line Termination: Signal lines shall be terminated at each electrical end
h is the Thevenin-equivalent of a terminating resistor in series with a volt
1.9 volts nor more thah +2.1 volts. The value of the terminating resistang

and 40 W, inclusive.

Line Resijstance: The series resistance for backplane signal lines shall
ximum_voltage rise from any asserted module output to the terminating rg
backplane is less than 100 mV.

ance is 0.6

hcturing

of the busto a
hge source of not
e shall be

e limited, such
sistance at either

tnfification Line Resistance: The resistance of the grounded MID and MIP lines, with

respect to the signal ground, shall be less than 10 W.

Bus Clock Requirements: The following characteristics are measured at the input to the using
module, not at the source.

voltage for Bus Clock shall be greater than or equal to +2.4 volts.

The fall ti

The rise time (Tr) of the Bus Clock from 0.8 to 2.0 volts shall
me (Tf) of the Bus Clock from 2.0 to 0.8 volts shall be less than 5 ns.

The low voltage for Bus Clock shall be less than or equal to +0.55 volts. The high

be less than 5 ns.
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3.3.1.5.3 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.

3.3.2 Module Requirements: The following characteristics are measured at the pin of the module under
test.

3.3.2.1 Bus Clock Requirements:

3.3.2.1.1 DC Requirements: All Data Check characteristics must be met whether the module is powered on
or off.

3.3.2.1.1.1 Input dapacitance: Bus Clock capacitance to logic ground shall be less tham22|picofarads.

3.3.2.1.1.2 Input Inductance: Bus Clock series inductance from the module input to-the recgiver of the signal
shall bg less than 27 nanohenries.

NOTE:| Inductance is specified to limit the overshoot of signals asserted on the Pi-Bus.

3.3.2.1.1.3 Bus Clpck Current: The maximum current supplied by thefnodule, when the clogk input voltage is
+0.55 yolts, shall be 1.6 mA. The maximum current intosthe module, when the Bus Clock voltage
is +2.4]volts, shall be less than 100 pA.

3.3.2.1.1.4 High-lgvel Input Voltage: A Bus Clock input veltage of +2.0 volts or more shall|be interpreted as
a high Jevel.

3.3.2.1.1.5 Low-leyel Input Voltage: A Bus Clockiinput voltage of +0.8 volts or less shall bg interpreted as a
low level.

3.3.2.1.2 AC Reqyirements: Modules shall.operate correctly with the Bus Clock characterigtics specified in
3.3.15.

The maximum Bus Cloek frequency supported by the modules shall be 12.504 MHKiz and the
minimum(Bus Clockfrequency shall be 0 Hz. The clock distribution shall provide g clock skew of
less thanfor equaite-4.0 ns when measured at the clock input pins of any two modples operating on
the bus. Correctmodule operation at 0 Hz Bus Clock frequency shall be demonstijated by testing
with a Bus Clock frequency of not greater than 50 Hz.

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

3.3.2.2 Signal Line Requirements:

3.3.2.2.1 DC Requirements: All Data Check characteristics must be met whether the module is powered on
or off.
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3.3.2.2.1.1 Input Capacitance: Signal line capacitance to logic ground shall be less than 22.0 picofarads for
module spacing of 1 in or greater and shall be less than (22.0 picofarads/in) x (module spacing) for
module spacing less than 1 in. The module spacing is the center to center backplane mounting
distance specified for the module. (See 3.3.1.1 for detail analysis.)

The maximum round trip signal propagation delay, measured from the module pin to the

transceiver pin and back to the module pin, shall be less than or equal to 1.0 ns. [This makes the
maximum round trip propagation delay to be about (1/3) x (the minimum driver rise or fall time) as
specified in 3.3.2.2.2.2.2].

3.3.2.2.1.2 Input Ipductance: Signal line series inductance from the module Input to the dri

or recei

3.3.2.2.1.3 Leakag
output ¢
than 10

3.3.2.2.1.4 Low-le
be grea|

3.3.2.2.1.5 High-le
signal li
wired-Q

3.3.2.2.1.6 Low-le

less thgn 1.15 volts at an input currentof 95 mA.

3.3.2.2.1.7 High-le
interpre
an oper

3.3.2.2.1.8 Low-le
interpre

3.3.2.2.2 AC Requ

ver of the signal shall be less than 27 nH.
urrent, for any signal line which is not being asserted by the‘module, shg
D PA.

el Sink Current: The low-level output sink current (I6}) drive capability fo
ter than 95 mA at an output voltage of 1.15 volts.

vel Output Voltage: The high-level output veltage shall be determined by
he termination voltage which is +1.9 to +2.1'volts. The signal line outputg
R operations on the bus.
el Output Voltage: The low-levehgutput voltage (Vol) for signal lines shg
vel Input Voltage: A signaltine input voltage (Vih) of +1.6 volts or more s
ted as a logic 0. A signalline input which is not electrically connected to th

line) shall be interpreted as logic 0.

el Input Voltage: ‘A signal line input voltage (Vil) of +1.45 volts or less sh
ted as logic -

irements:

er

e Current: Over the input voltage range of +0.3 to +2.1 volts, thé-absolufe value of the

Il be less

r signal lines shall

the backplane
shall permit

Il be

hall be
e backplane (i.e.,

all be

3.3.2.2.2.1 Signal

Ine Inputs: Figure 2 illustrates the timing relationships specified below

3.3.2.2.2.1.1 Setup Time: The maximum time that each input signal is required to be uniquely above or below
the input voltage threshold for a logic O or logic 1 prior to the high-to-low transition of the clock
(setup time, Ts) shall be 15.0 ns.
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3.3.2.2.2.1.2 Hold{time: The maximum time that each input signal is required to be uniquely

DATA INPUT

FIGURE 2 - Set-up and Hold Timing

above or below

the input voltage threshold for a logic 0 or logic Lfolowing the high-to-low trangition of the clock

(hold|time, Th) shall be 10.0 ns and shall not exceed the minimum propagation
modyle.

3.3.2.2.2.1.3 Nois¢ Rejection: The input signal lines‘shall reject and the Bus Interface shall
any dignal pulse whose width, as measured between 1.5 volts on the low-to-h
1.5 vplts on the high-to-low transition, is less than 4 ns.

delay time of the

not respond to
gh transition and

3.3.2.2.2.2 Signal Line Outputs: The following specifications shall apply when the signal ling is connected to

the test|circuit of Figure 3-'Unless specified elsewhere, all measurements shall i
module|connector pin.

3.3.2.2.2.2.1 Proppgation Delay: Propagation delay shall be measured with respect to high
b Clock-asillustrated in Figure 4. The reference clock voltage for timing shall be +1.5 volts.
The reference signal voltage for timing shall be +1.5 volts.

of Bu

Th H-, altlo + 1 alal LT A 4 + + +
e T arta i TTrTaAIrmiuanrtt plupagauun UC|ay \I'JUIII) ur artl Uutput nglla

ol

logic 1 (low voltage) to a logic 0 (high voltage) shall meet the following limits:

a. 40 ns maximum

b.

14 ns minimum

e taken at the

to-low transition

changing from a

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 meet the following limits:

a. 40 ns maximum

b.

14 ns minimum
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BUS CLOCK
V1=2010.1v
R, = 15 OHMS |
PATTERN MODULE LOuT
BENERATOR TEST .
_T_ CL = 30'pf
* INCLUDES JIG AND PROBE,CAPACITANCE 7
.
FIGURE 3 - Signal Output Test Circuit
——————— 2.4v
BUS CLOCK
- 1.5v
| l 0.55v i
—|
I Tpd hi r
t S 1.8v
SKENAL QUTPUT | I
l 1.5v
| N 12V
— TpdIh — j
| I 1.8v
! 1.5v
SIGNAL OUTPUT
—_— = = 12v

FIGURE 4 - Output Signal Timing
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3.3.2.2.2.2.2 Rise and Fall Time: The rise time of an output signal from +1.2 to +1.8 volts shall be greater
than 2.8 ns and less than 9 ns.

The fall time of an output signal from +1.8 to +1.2 volts shall be greater than 2.8 ns
and less than 9 ns.

3.3.2.3 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 current into a grounded MID or MIP line shall be less than 1 mA.
The maximum voltage that shall exist on an open MID or MIP line shall not exceed 5.5 volts.

4. DATALINK LA

4.1

4.2

421

Introduction:

The Data Link

through specifjcation of the protocol state transitions and the generie'message sequen

requirements

and the rule agsociated with the Pi-bus protocol. Responses to eéxeeption conditions ar

General Requirements:

Introduction:

sequences afe defined for the following:

a. Transfe
b. Changirn

The Pi-Bus cpmmunications sequences are listed in Table 8. The Vie sequence shall 1

when there is

current bus Nlaster.

The Pi-Bus uses a set of\protocol state transitions to define and control the communic
Protocol statg transitiens shall be signaled on the Cycle Type (CT) lines and shall be

ER:

layer of the Pi-Bus is specified herein. The general protocol-used by the

or the protocol and communications sequences are‘specified by defining

The Pi-Bus uses a Master-Slave protocol under which communications

ring messages between modules
g bus Mastership

no current bus Master. All other sequences shall be performed under th

Pi-Bus is defined

ce. Detailed

each sequence

b defined.

e performed only
e control of the

ation sequences.
controlled by the

mbol. For

bus Master.

NOTE: Prolocal states are not necessarily defined by a single unigue Cycle Type sy
example, the Header protocol state is indicated by the HO, H and HZ Cycle Type
symbols.

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 line errors that are detected.
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TABLE 8 - Pi-Bus Communications Sequences

Sequence Type

Function

Mastership Sequences:

Vie

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

Message Sequencds:

Parameter Write

Block Message

Datagram Messpge

Transfer a parameter consisting of three words from the bus\Masgter device to
the Slave device(s).

Transfer up to 65,536 datum units from Slave devicéto 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 continuga-suspended message.

Transfer up to 65,536 datum units 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. There is no Header Acknowledge and Data
Acknowledge is optional.

Bus Interface Mgssage Transfers up to 256 words from Slave Bus Interface to the Mastef device or

Exception Sequencps:

Suspend

Abort

from Master device to Slave’Bus Interface(s). Master provides an 8-bit
address.

Suspends a Block Message data sequence and transfers Resume Control
Words_as required from the Slave to the Master.

Abnormally terminates current sequence.

4.2.1 (Continued):

The eight protocol states defined for the Pi-Bus protocol are summarized in Table 9. Within each
protocol state, bus states are defined to distinguish individual bus cycles. The specific sequences of
bus states required to perform Pi-Bus communications are defined under 4.3. In this section,
general requirements for the overall operation of the Pi-bus are specified by reference to the
protocol states and the generic message protocol they support.

4.2.2 Protocol State Transitions: The protocol states which shall be used in Pi-Bus operations are
illustrated in Figure 5. 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.
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-~
| EOT
IDLE
NO |
MASTER |
- = =
| |
e !
|
|
|
i ABORT
DATA - e aam W m s - ».
PARAMETER |
'
|
EOT
=
PARAMETER il |
WRITE |
|
EOT
- - II!
UNACK DATAGRAM (]
SUSPEND -l
|
- gl
EOT,
BLOCK-MESSAGE BLOCK MESSAGE
BUS INTERFACE MESSAGE BUS INTERFACE MESSAGE
ACKNOWLEDGED DATAGRAM ACKNOWLEDGED DATAGRAM
KEY:

EOM - END OF MESSAGE

EOT - END OF TENURE
ACK - ACKNOWLEDGE

INTRA TENURE TRANSITIONS

-

INTER TENURE TRANSITIONS
-

EXCEPTION TRANSITIONS

FIGURE 5 - Pi-Bus Protocol State Diagram

-30 -



https://saenorm.com/api/?name=de1378633c59c32c89fff66676e00345

SAE AS4710

TABLE 9 - Pi-Bus Protocol States

Protocol State

Function

Idle

Vie

Header

Bus not in use and no current bus Master defined.

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.

State in which information is transmitted by the Master to specify the type of

Header Acknowledge
(Header Ack)

Data

Data Acknowledge

il +i.5 claal + fion + ol &l &
mreSSage—StgutreCatry ottt StoparttrpattaS—oraveS artt SPCeity 4

tion dependent information.

State following Header during which Slave module(s) provide message sta
information to the Master. This state is not applicable to Datagram-Messag

State during which data are transferred between Slave module(s) and the |
Messages, Bus Interface Messages, and Datagram Messages.

State following Data during which Slave module(s)provide message status

dditional applica-

us
ES.

laster for Block

(Data Ack) information to the Master. This state is optional for Datagram Messages.
Abort State used to abnormally terminate another-bus sequence.
Suspend State following Data for which Block\Message and Datagram Message
Suspend sequences are performed. In this state, Data is transferred betwepn Slave mod-
ule(s) and the Master.
4.2.2.1 Idle: The bus shall enter the Idle staté whenever all Cycle Type lines are released during a
transfer ¢ycle. There shall be ne.bus Master during Idle and the current bus Mastgr priority code shall

be undefjned. Idle shall consistof two or more consecutive bus cycles in which th
are relegsed. No Pi-Bus operations shall be performed during Idle, except that thg
(Negativé Acknowledgment) may be posted on the AS lines as specified in 4.2.3.
alid successSorstate to Idle. The Idle state shall be terminated and the Vi
when ong or more{modules post the symbol V on the Cycle Type lines.

the only

4222

Vie: The|Viestate shall consist of eight bus cycles which shall be used to select t
Master friorTone or more contenders. The Vie state shall be succeeded by the Hg

e Cycle Type lines
b symbol NAK
|.2.2. Vie shall be

b state entered only

he next bus
ader state, except

that if no bus Master is selected due to erroneous operation, the bus shall return to the Idle

state.

4.2.2.3

Header: A bus Master’s tenure shall begin when the Header state is entered from the Vie state.

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 Header state shall be succeeded by the Header Acknowledge state,
except that Abort may be entered to terminate the sequence and the Data state shall be entered for
the Datagram Message type.
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4.2.2.4 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:

4225

4.2.2.6

4.2.2.7

4.2.2.8

a. Fora 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 current
bus Master’s tenure. A transition to Idle shall terminate the current bus Master’s tenure. Abort
may be entered to terminate the Parameter Write Message.

b. For Block Message and Bus Interface Message sequences, the successor states to Header

Ackno
tenure

Data: The
Message, |
the Slave(y
sequence.
may be su;
terminated
Non-Acknd

Suspend: ]

vledge shall be Data and Abort. A transition to Data continues the current bus Master’s
Abort may be entered to terminate the message.

Pata state shall consist of a sequence of Data transfer cycles péerformed|as part of a Block
Bus Interface Message, or Datagram Message. Data may be transferred ffom the Master to
), defined as a write sequence, or from the Slave to the Master, defined ps a read

For Block Message sequences and Datagram Message\sequences, the Data sequence
spended by entry into the Suspend state. Unless a Data’sequence is suspended or

by entering Abort, the successor state to data shall:be Data Acknowledde, except for
wledged Datagram Messages, which shall be Header or Idle.

he Suspend state shall be used to interrupt-a Block Message sequence|and a Datagram

sequence as specified in the detailed requirements,(see 4.3.5.1). A suspended Blogk Message Data

sequence
Resume C
Non-Ackng

Data Ackn
from the Sl
Datagram

Abort. A trg
A transitior

a message.

an be resumed by another Block Message whose header contains the gppropriate
bntrol Words. The normal successor state to Suspend shall be Data Acknpowledge, or for
wledged Datagram Messages the normal successor state shall be Idle.

bwledge: The Data Acknowledge state shall be used to transfer Acknowlgdge information
ave(s) to the Master during a Block Message, Bus Interface Message, oif Acknowledged
Message sequencel The successor states to Data Acknowledge are Hedder, Idle, and
nsition to Header.shall initiate a new message and extend the current bug Master’s tenure.
to Idle shall terminate the current bus Master’s tenure. Abort may be entered to terminate

Abort: The

Abort state shall consist of four consecutive bus cycles in which the Aboyt Cycle Type is
ansition to Header
to Idle shall
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4.2.2.9 Tenure limitations:

4.2.2.9.1 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 specified by the contents
of the Vie Interval A Register plus the contents of the Vie Interval B Register plus six cycles (see
4.3.7.3.4 and 4.3.7.3.5). Paragraph 4.3.3.3 specifies procedures which the bus Master shall use to
relinquish tenure and permit a Vie sequence in response to Bus Request. A Master’s tenure is
released when the bus is returned to the Idle state with no wait states asserted.

4.229.2

Absolute| Tenure Limit: Pi-Bus modules shall internally limit each of their individug| tenures as bus

Master td a maximum of (2**24)+8 bus cycles. The cycle count shall begin wjth.the first HO cycle of
the Mastgr’s tenure and shall include all bus cycles (including nontransfer ¢ycles).[Each module
shall proyide a hardwired mechanism to automatically force all signal outputs fro

end tenu
when the
before 2*

absolute tenure limit expires. Specifically, the fourth cycle of'the Abort s

allowing the bus to be in the Idle state for a minimum of two cycCl€és.

4.2.3 Generic MeS
is described
specified in 4

Table 10 illug
Acknowledgsg
in the preced
below (Mess

n this section. The Vie sequence is specified\in’' 4.3.3 and the exception
.3.5. The details of each message sequence are specified in 4.3.4.

, Data and-Data Acknowledge sequences that correspond to the protoco

hge sequence requirements are specified in 4.3.4).

TABLE 10:-\Generic Pi-Bus Message Sequence

24 + 8 cycles. The module may resume normal operation;including vying

sage: The generic message sequence that forms-a basis for Pi-Bus mes

trates the generic Pi-Bus message sequence which is composed of Hed

ing section. Some message sequences do not require every generic sed

the module to

e such that this tenure limit is not exceeded. The Master shall generate an Abort sequence

all occur on or
for the bus, after

sage sequences
bequences are

der, Header
states described
uence described

Protocol Bus State

ProtocolBus State Header Protocol Bus State

Pr

btocol Bus State
Data

Signal lines Header Acknowledge Data Acknowledge
Heeder Acknowledge Data Acknowledge
DATA Master Slave(s) Master (write) Slgve(s)
Source = Stave-{reach
CYCLE TYPE HD H A D A
Source = Master (S)
Acknowledge NS | NS | RCG ACK RCG ACK
Source = Slave Slave Slave Slave
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4.2.3.1 Generic Message Sequence:

4.2.3.1.1 Normal Operation: The Data (D) lines transfer information between the Master and Slave
modules to accomplish the following:

a.

b.

C.

Signal the type of message sequence to be performed,
Establish a communications path to the Slave module(s).

Transfer data between the Master and the Slave(s).

d. Tran
The bus

as Slaveq
mixed mg
message

The Cycl
synchron
lines sha

4.2.3.1.1.1 Heade
the Dat
cycle of

transferl

The header specifies the module(s)*which are selected as Slave(s) for the mess

Active 1
cycle of
RCG (rq
until Hej
defined
cycles @
the pre

sfer Acknowledge information from the Slave(s) to the Master.

for that sequence are operating as Type 32 modules on a Type 32 bus.
de bus, Type 32/Type 16 message sequence selection gan-be made on
Lby-message basis and thus may vary during the bus Master’s tenure.

e Type (CT) and Acknowledge Set (AS) lines provides message sequend
zation between the Master and Slave(s) to contrel the sequence of bus s
| also be used by the Slave(s) to report errots.

: The bus Master initiates a message sequence by transmitting header i
h lines. The bus Master posts the symbol HO on the Cycle Type lines du
Header transfer and posts H for€ach of the remaining bus transfer cyclg

hodule(s) which are addressed by the Slave ID field of HWA become Sla|

pcognize) on the ‘AS lines beginning with the third cycle of Header transfg
ader transfer isicomplete. Modules cease being Slaves only in response
in this specification. All modules ensure that the AS lines are released d
f Header.except that NAK may be asserted as specified in 4.2.3.1.2.2 to
eding sequence.

Master uses Type 32 message sequences only when the Master-and all nodules selected

For a Type 32
a

ing
tates. The AS

nformation on
ing the first bus
ps of Header

hge sequence.
ves on the third

Header transfer. Slaves signal their participation in the message by pos{ing the symbol

r and continuing
to conditions

Iring the first two
eport errors from

4.2.3.1.1.2 Heade

Aceknowledge: The Header Acknowledge sequence follows the Header

sequence and

is used to transfer acknowledge information from the Slave(s) to the Master. A single Header
Acknowledge transfer cycle is used for all single Slave sequences. The bus Master posts the
Header Acknowledge cycle (A) symbol on the Cycle Type lines during the Header
Acknowledge cycle in which the Slave is scheduled to post the Slave Acknowledge word. The
Slave indicates synchronization with the bus Master by posting ACK on the AS lines during the
Header Acknowledge cycle. Five Header Acknowledge transfer cycles are used for a multiple
Slave sequence. During the first multiple Slave Header Acknowledge cycle, all
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4.2.3.1.1.2 (Continued):

Slaves post a message status symbol on the Data lines and the ACK symbol on the AS lines.
During each of the four remaining Acknowledge cycles, eight of the 32 modules are assigned a bit
position on the Data lines upon which to post an Acknowledge bit and indicate synchronization

with the bus Master by posting ACK on the AS lines.

4.2.3.1.1.3 Data: The bus Master posts the symbol Data during each cycle of the Data sequence. The Slave
module(s) post RCG during each cycle of the Data sequence. The bus Master transmits data

during write sequences and the Slave transmits data during the read sequences.

4.2.3.1.1.4 Data Acknowledge: The Data Acknowledge sequence is used to transmit status

information from

the Slayes(s) to the Master. The Data Acknowledge sequence is identicakin.form to the Header

Acknowledge sequence.

4.2.3.1.2 Operatiohs Under Exception Conditions:

4.2.3.1.2.1 Suspend: The Data sequence of a Block Message or Datagram Message may e suspended by
the bus|Master to permit higher priority communications. The Suspend sequencg is performed as

defined|in 4.3.5.1.

4.2.3.1.2.2 Uncorrgctable Line Errors: In general, modules which are Slaves signal uncorrectable detected
errors by posting the symbol NAK on the AS liges and providing an error log in tl]e Acknowledge

words gs specified herein. All modules post the symbol NAK in response to cert
line errgrs which occur during a Vie.

in uncorrectable

NOTE: | NAK itself is not an errortis a notification of an error. Specific requirements regarding

response to errors are found in 4.3.9.6.4.

A module that detects an uncorrectable line error which applies to the operation
posts the symbol NAK on_bus cycle N+2. If the detected error occurred during th
of a mepsage, the resultant NAK occurs during the first two cycles of the followin
or Idle. Modules which are neither Slaves nor contenders in a particular message
post NAK during.any sequence other than Vie.

For single-cast messages, Slave modules record detected error conditions for th

of bus cycle N

e last two cycles
g message
sequence do not

e current

messagde ia'the single Slave Acknowledge word. The Bus Interface should also n

tify the device of

any detected errors. When an Acknowledge word is transmitted on the bus, the error field does not

include errors which apply to the immediately preceding bus cycle.
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4.2.3.1.2.2 (Contin

ued):

NAK has 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.

4.2.3.2 Generic Header Information: The Pi-Bus protocol defines message headers consisting of two to ten
words. The first header word, Header Word A (HWA), is used in all message sequences to define:

a. The type of message
b. The Slave modules for that message.

The numbsd
header wo
the datum

word CO (HHWCO0) and Header Word C1 (HWC1), are specified foreach message ty

HWCO and
header wo

The generif format for HWA is defined in this section. kermats for the remaining he
specific to pach message sequence and are definedin'4.3.

4.2.3.2.1 Header Word A: The format illustrated in Figure 6 is used for Header Word A. The

r of scheduled cycles in a message header is defined by the message ty
d, Header Word B (HWB), is specified for each message type. Typically
ransfer cycle count for the data sequence. The third and-fourth header w

HWC1 contain a 32-bit virtual address. Extended header sequences pro
ds, HWDO through HWDS5, for application dependent uses.

pe. The second
HWB contains
ords, Header
pe. Typically,
ide six additional

ader words are

fields of HWA are

described below.
AT MSG TYPE | F | SLAVE ID ?
+ + e e |
15|14|J312|11l10|9|8I7|6l5l4l3l2|1|0|
----- f=== +
! | MSB LSB
| |
| | (33 to 255 - LOGICAL ID)
| I (32 - BROADCAST 1ID)
I I (0 to 31 - PHYSICAL ID)
| |
|
|
|
|

|
(
i
I
|
I
!
I
|
|
|
I
I
|
|
I
!
|
!
|

FORMAT - 0 = 16 BIT TRANSFER
= 1 = 32 BIT TRANSFER

|
|
!
|
|
[
|
|
|
1
|
|
|
|
| MESSAGE TYPE (see Table 12)
|

ACCESS TYPE (see Table 13)

FIGURE 6 - Header Word A Format - Data Lines
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4.2.3.2.1.1 Slave ID Field: The Slave ID field of HWA specifies the modules required to participate in the
message sequence as Slaves. The Slave ID field provides an eight bit virtual Slave address. The
virtual Slave address (Slave ID) range is partitioned into 32 single Slave physical addresses, a
Slave broadcast address and 223 logical Slave addresses. The broadcast Slave ID selects all
active modules as Slaves, including the bus Master module.

The logical Slave ID’s shall be used only to define aliases for individual Slave physical addresses
or sets of Slave physical addresses. The use of a logical Slave ID rather than a physical Slave 1D
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 Identification matches the Slave ID fieldl. A Slave ID

value o
shall se
respong
depend

While i

32 shall select all active modules as Slaves. The Slave ID values of'33
ect any active modules with the given Slave ID enabled. The number of

0 255
modules which

to each of the logical Slave ID values 33 to 255 is system dependent. This means that
Slave IID values 33 to 255 can be used for single Slave messages ormultiple Slave messages

ng on the application.

on-line mode, a feature MS Pi-Bus shall be capablé.of'simultaneous op

bration as both a

Master pnd a Slave. During message sequences where the current bus Master module is selected

as a Sla
from th

ve, both data and control must be stored properly“and shall be required
bus by the module.

o be taken

4.2.3.2.1.2 Forma{ (F) Field: The Format field specifies whéther the message sequence is @ 16-bit or 32-bit

transfer|

4232121 Type
set to

4.23.2.1.2.2 Type
partici

16 ED: Type 16 ED modules can-only participate in 16-bit transfers. The
ero for 16-bit transfers.

32 EC Nonmixed Made: Type 32 EC nonmixed mode modules can be ¢
ate in 32-bit transfers or 16-bit transfers, but not both. For modules con

format bit shall be

bnfigured to
igured to

participate in 16-bit transfers, the format bit shall be set to zero for all messag¢gs. For modules

config
excep

red to participate in 32-bit transfers, the format bit shall be set to one fo
the formatibit shall be set to zero for Bus Interface Messages. A modul

all messages,
shall correctly

4.2.3.2.1.2.3 Type|32 EC Mixed Mode: For Type 32 EC mixed mode modules, the Format field, the Data

Form

message

sequence is to be performed using Type 16 ED transfers or Type 32 EC transfers. For 16-bit
ED transfers, the format bit shall be set to zero. For 32-bit EC transfers, the format bit shall be set
to one. The Master device must insure the 32-bit transfers are used only when no Type 16
module is selected as a Slave.
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4.2.3.2.1.2.3 (Continued):

Type 32 EC mixed mode modules shall select the message transfer type as specified in Table 11.
Since no Type 16 ED and Type 32 EC nonmixed mode modules will be connected to DF<0>,
DF<0> shall be unasserted when a Type 16 ED is bus Master.

TABLE 11 - Mixed Mode Data Format Matrix

F1 DF<0> P(DC<0>, D<15..0>) Message Transfer
0 0 0 Type 16 ED

0 0 1 Type 16 ED

0 1 0 Type 16 ED

0 1 1 Type 32.EC

1 0 0 type-32 EC

1 0 1 Type 16 ED

1 1 0 Type 32 EC

1 1 1 Type 32 EC

1

Data as received before correction.

NOTH: When both Type 16 ED and Type 32 EC mixed mode modules are present on the bus,
the Vie sequence will be performed.using error detection. See 4.3.3.1 for details.
However, Type 16 ED and Type 32°EC mixed mode messages can be mixed in the
same tenure. The Type 32 EC mixed mode selected Slaves must detefmine the
Message Transfer Type by using Table 11 before any other error checking or correcting
can occur.

RATIONALE for Table 11: The above table provides error correction for the chpice of error
detection or errorcorrection. That choice cannot be made simply on thg state of a bitin a
field that must be either detected or corrected.

4.2.3.2.1.3 Messagle Type (MSG TYPE) Field: The Message Type field specifies the type df message
sequenge to be-performed according to the values in Table 12. A Master shall ngt transfer any
messagde withan undefined message type. The disallowed message types are @, 2, and 10. The
Master gevice must ensure that only the multiple Slave Message Types are used when more than

Haola i | tod by tha Cl 1D _fiald
one Moetre1S-SereeteaBy-the-—SraveTo-Heter:

4.2.3.2.1.4 Access Type (AT) Field: The AT field is passed from the Master device to the Slave module for
use as defined herein and listed in Table 13.

For Block Messages and Datagram Messages, bit 13 is used to signal the device that the current
message is a new message (bit 13 = 0) or a resumption of a previously suspended message
(bit 13 =1).
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TABIE 12 - I\/Ipqeagp Typp Cades

Single or Read Message
Multiple or Type.Code
Message Type Slaves Write HWA<12..>
Parameter Write Single Write 0001
Multiple Write 0011
Block
- Sholt Header Single Write 0101
Single Read 0100
Multiple Write 0111
- Extended Header Single Write 1101
Single Read 1100
Multiple Write 1111
Bus Interface Single Write 1001
Single Read 1000
Multiple Write 1011
Datagram
- Short Header, Multiple Write 0110
- ExteéndedHeader Multiple Write 1110
NOTE: | Codes not listed above are reserved.
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TABLE 13 - AT (Access Type) Code Assignments

Message Type At Code Operation/Slave Response
Block 000 Label Address-New?!
(Short or Extended) 001 Label Address-Resumel

81(1) Direct Address-New?
Direct Address-Resume?

112? Resource Not Present

110 Resource Not Present

111 Resource Not Present
Parameter Write 000 Event Filter!

001 Logical

010-110 Resource Not.Present

111 Reserved -.€ammand Error
Buis Interface 000 Data LinkrAccess

001-011 Reserved - Command Error

100 System Timel

101-110 Resource Not Present

111 Reserved - Command Error
Datagram 000 Non-Acknowledged-New?

(Short or Extended) 001 2

Non-Acknowledged-Resume

812 NAK and cease participation
100 NAK and cease participation
101 Acknowledged-New1

110 Acknowledged-Resume?
111 Resource Not Present

Resource Not Present

1 I this gptional Message Type/AT code is not implemented on a module,
then the’module shall respond Resource Not Present if so accessed.

2 Ii.this optional Message Type/AT code is not implemented on a module

then the module shall NAK and cease participation if so accessed.
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4.2.3.2.1.4 (Contin

ued):

For Bus Interface Messages, the code 000 is used to access the Data link address space and
the code 100 is used to transfer the Pi-Bus system time (see 4.3.7.4). The Bus Interface physical
and Data link layers do not utilize any AT field information except that contained in a Bus Interface
Message. Codes 001 through 011 are reserved for future use by higher level protocols. Higher
level protocols, such as those which provide communications between modules on different

backplal

nes, are beyond the scope of this specification.

Reserved AT codes can be defined only by future versions of this specification.

Paragrg
codes.

4.2.3.3 Header an
same form
single Slayv
type field in
used when
single Slav
Slave to th

a. Eighth

b. Anind

Mastel].

4.2.3.3.1 Single S
message
Master w|

The singl

Header and Data Acknowledge cycles of each single Slave sequence. The Maste

should p4g

The singl

ph 4.3 includes a specification of the protocol for each message typé.an

H Data Sequence Acknowledgment: Header and Data Acknowledge seq
and use the same word formats. There are two basic formats for the Ack
e and multiple Slave. The single Slave Acknowledge sequence is used w|
HWA specifies a single Slave sequence and the multiple Slave Acknowl
ever the Message Type and AT fields in HWA spegifies a multiple Slave
e Acknowledge sequence transfers one word of miessage status informa
b Master. The multiple Slave Acknowledge seguence transfers:

its of aggregate message status information from the Slaves to the Mast
vidual bit of message status information from each of the 32 possible Slg
ave Acknowledge: The Slave module shall perform error checking and Ig

sequence. The single Slave Acknowledge Word (AWS) defined herein p
th a record of the logged errors and the Module Identification of the Slay|

1ss the single Slave Acknowledge Word to the Master device.

e Slave Acknowledge Word format shall be as shown in Figure 7 and sp4

(1]

0 related AT

lences have the

nowledgment,

hen the message
bdge sequence is
sequence. The
lion from the

r.

ve devices to the

gging during the
rovides the

a)
c.

e Slave Acknewledge Word shall be transmitted from the Slave to the Master during the

Bus Interface

pcified below.

4.2.3.3.1.1 Slave Module Identification (MID) Field: The Slave Module Identification field shall contain the

MID for

the Slave.
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4.2.3.3.1.2 Acknowledge Word Type (AWT) Field: The AWT field shall contain a two bit binary code as
specified in Figure 7. An AWT code of 00 shall specify that the Slave has closed the message
sequence with this Header or Data Acknowledge, as appropriate. For exception situations where
the Slave will cease to participate in the bus sequence after Header Acknowledge completion, the
AWT field shall be set to 00. In conjunction with an S field value of 1, an AWT of 00 shall specify
message complete. In conjunction with an S field value of 0, an AWT of 00 shall specify that
the Acknowledge Word completes the Slave’s response to a Suspend sequence as specified in
4.3.5.1. AWT codes 01, 10, and 11 shall specify that the Slave is acknowledging the completion of
the Header sequence. The codes 01 and 10 further 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 fo
perform
code of
Messad

4.2.3.3.1.3 Errors Field: The Slave module shall specify detected errors in bits-7 through 13
ledge word. Errors reported in the Header Acknowledge\Word shall be those errors that

Acknow

originatg in the current message from the start of the Headet.through the second

Header

originatg in the current message from one cycle prior to the Header Acknowledg

second

Bus Interface should report detected errors to the\device at the time of detection

11. The Slave shall use an AWT code of 11 and an S code of 1 fer. any
e Header Acknowledge, since these messages are not suspendable.

Acknowledge. Errors reported in the Data Acknowledge Word shall be t

cycle prior to the Data Acknowledge. In addition to logging current error

an AWT code of 01 or 10. An AWT code of 11 shall further specify that the Slave cannot
a Suspend sequence during the current message. The S field code shall be 1 for an AWT

us Interface

of the

cycle prior to the
ose errors that

e through the
ndications, the

The defjnition of each error type in the single-Slave Acknowledge word shall be &s listed below:

a. Correctable line Error - A signal line-error has been detected and corrected.

b. Undg

c. Seg

stafes is not in agreement with defined protocol sequences or rules.

d. Pro
pro

orrectable line Error - A signal line error that cannot be corrected has be

uence Error - The Cycle Type, Acknowledge Set, Wait, and Bus Reques|

fect Error --A’Bus Interface Message write operation has been attempted
ected.

en detected.

[ line sequence of

which is write
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4.2.3.3.1.3 (Continued):

e.

Command Error - A Header Word A has been received which is not in agreement with the

defined protocol or the Slave is unable to perform the commanded operation because the
current bus Master’s priority code is unknown, or a message has been received which is not in
agreement with the defined format for the Slave device. The use of the Command Error bit is

exp

add

licitly defined in 4.3.9.6.4.

ressed in this module.

Resource Not Present Error - A resource or capability that is not implemented has been

De
ope

4.2.3.3.1.4 Busy (
Slave d
unable
busy dy
Header

4.2.33.1.5
messag
may be
whethe
messad

During
detecte
shall be

4.2.3.3.2 Multiple

Suspend (S) Field: The Slave shall specify in bit 15.0fthe Header Acknowledge
e is suspendable or not suspendable. Only Block Messages and Datagram Messages

ice Error - Module device has detected an error attempting to perform a
ration.

B) Field: The Slave module shall specify in bit 14 of the Ackniowledge wo
bvice is Busy or not Busy. The device shall be recorded as Busy only wh
0 accept an otherwise valid message because of otherOperations in prog
ring the Header sequence, the Slave shall cease to‘participate in the bug
Acknowledge completion and the AWT field shall -be set as defined in 4.

specified as suspendable. The Slave shall specify in bit 15 of the Data Ag
the Data Acknowledge is in response to a Suspend sequence or the co
e.

h Header sequence in whichha'Busy or an error, other than a correctable
by a Slave and the Slavewill cease to participate after Header Acknow
set to one in the Header Acknowledge Word.

Slave Acknowledge!

4.2.3.3.2.1 Non-D
are spe
transfe
individu
status

tagram: The requirements for multiple Slave Acknowledge for Non-Data
ified in this'paragraph. A multiple Slave Acknowledge sequence consist

bus related

d whether the
en the device is
ress. If a Slave is
sequence after
p.3.3.1.2.

Word whether the
knowledge Word

mpletion of the

line error, is
edge, the "S" bit

gram Messages
5 of one bus
to transmit

cycle tortransmit aggregate message status and four bus transfer cycleg
. Acknowledge bits. The first transfer cycle is used by each Slave to tra

smit a message
the bus to form

an aggregate Message Status Word. The remaining four transfer cycles are used to transmit
multiple Slave Acknowledge symbols from the Slave(s) to the Master. The five transfer cycles are
labeled HAO, HA1, HA2, HA3, and HA4 for a multiple Slave Header Acknowledge sequence or
DAO, DAL, DA2, DA3, and DA4 for a multiple Slave Data Acknowledge sequence.
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S i1 BI ERRORS | AWT SLAVE MID !
to—t + '
15) 14i131121111104 91 81 71 61 51 41 3} 21 1 | 0 |
e e e S L e e +
| I L e MSB LSB

|<== 1 = ERROR ==--- >|
|<== 0 = NO ERROR ~=>|
I | R |

SLAVE MODULE IDENTIFICATION

e =

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

01 - HEADER COMPLETE, DATA HXPECTED
(S=0) SUSPENDABLE, 2(RC WOROS

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

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

CORRECTABLE LINE ERROR

UNCORRECTABLE LINE ERROR

— - —— ——— —— ———— —— — —— — o

SEQUENCE ERROR

PROTECT ERROR

COMMAND ERROR

RESOURCE NOT PRESENT ERROR

— ot L e —— —— — —— — . w— — ——- — — — ——— tn G - m—— — = — = —] — —

DEVICE ERROR

b i v — — — — — —— — —— > — — —— - e G -t ——— — — — — — — — -

DEVICE BUSY 0 - NOT BUSY

|
i
|
|
|
|
|
|
|
|
I
|
i
|
|
I
|
|
|
|
!
|
|
!
|
!
|
|
|
l
|
|
|
|
|
|
|
|
I 1 - BUSY
|

SUSPENDABLE

NOT SUSPENDABLE
MESSAGE SUSPENDED
MESSAGE COMPLETE

HEADER ACKNOWLEDGE:

DATA ACKNOWLEDGE:

OO
1

|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
!
|
!
|
|
!
I
|
|
|
|
|
|
|
|
|
!
|
|
!
|
l
l
|
!
|
|
l
|
!

FIGURE 7 - Single Slave Acknowledge Word Format - Data Lines
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4.2.3.3.2.1 (Continued):

During cycles HAO and DAO Slave modules shall transmit a Message Status Word to the Master
using Data lines <15...0>. The format of the Message Status Word shall be as defined in Figure 8
and Figure 9. 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 the Data lines <7... 0>, respectively, to
permit error checking. If there is an uncorrectable line 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 Data Check lines <7..0>, respectively, to per-
mit error correction. Modules shall not assert any Data Group line on cycle HAO or DAO other than
the line$ defined above. The Master Bus Interface should pass the aggregate Mgssage Status to
the Magter device.

Errors reported in the multiple Slave Header Acknowledge Word cycle HAO shal| include those
errors that originate in the current message from cycle HO through the Second cycle prior to cycle
HAO. DYring multiple Slave Bus Interface Message and Block Message sequendes, errors
reported in the multiple Slave Data Acknowledge word during ¢ycle DAO shall indlude those errors
that originate from one cycle before HAO through the second.cycle prior to cycle[DAO.

Header|[Acknowledge cycles HA1 through HA4 shall be used to transfer "Acknowledge" multiple
Slave Acknowledge symbols from the Slave(s) to thesMaster. Slave modules with MID values 0
through{ 7 shall post the "Acknowledge” symbols shown in Table 14 and Table 1% on the Data Line
Group during cycle HA1. Slave modules with.MID values 8 through 15 shall pos{ their
"Acknoyvledge"” 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 sequgnce and Slave
moduleg with MID values 24 through 31:shall post their "Acknowledge” symbol diyiring cycle HA4 of
the segpence. Modules shall not assert any Data Line Group line other than the Jines included in
their symbol on their assigned Acknowledge cycle.

Data Agknowledge cycles DA through DA4 shall be used to transfer the "Acknqwledged" or
"Non-Ag¢knowledged" multiple Slave Acknowledge symbols defined in Table 14 gnd Table 15 from
the Slaye(s) to the Master. The "Acknowledge" multiple Slave Acknowledge symbol shall be
posted pn the Dataine Group during the assigned cycle of a Data Acknowledge sequence
when the modulelis’a Slave and has detected no uncorrectable line errors in the qurrent sequence.
Otherwise, the' Slave shall post "Non-Acknowledged” during the assigned Ackn
Slave modules with MID values 0 through 7 shall post their multiple Slave Ackngwledge

symbol i i i s 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.
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FIGURE 8 - Multiple Slave Status Word Format (AWMO) - Data Line
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| DEVICE ERROR
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1 - BUSY

DEVICE BUSY 0 - NOT BUSY

DATA ACKNOWLEDGE:

HEADER' ACKNOWLEDGE: 0 - SUSPENDABLE
1 - NOT SUSPENDABLE

+

0 - MESSAGE SUSPENDED

B SSAGECOMPEETE—

(Used only for

FIGURE 9 - Multiple Slave Status Word Format - Data Check Lines

Class EC)
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423321

4.2.3.3.2.2

(Continued):

Modules shall not assert any Data Group line other than the lines included in thei
assigned Acknowledge cycle.

ir symbol on their

The multiple Slave Acknowledge symbols posted by the Slave(s) during a particular Acknowledge
cycle are logically OR’ed on the bus to produce one of the four multiple Slave Acknowledge Words
(AWM1, AWM2, AWM3, or AWMA4) which are used during each multiple Slave Acknowledge

sequence. The Master Bus Interface should pass the multiple Slave Acknowledg
Master device.

In addit
ACK (of NAK if required in response to an error) on the AS lines during their asg
Acknowledge cycle. Slave modules shall post the symbol NS (or NAK if¢required
an errofl) on the AS lines during the Acknowledge cycles in which they ‘are not as

their Acknowledge symbol.

Datagram: The requirements for multiple Slave Acknowledge for Datagram Meg

e words to the

on to posting their assigned Acknowledge symbol, Slave modules shall ;I>ost the symbol

gned
in response to
signed to post

sages are

specified in this paragraph. Since Non-Acknowledge Datagram Messages do not have

ledgments, multiple Slave Acknowledge sequences are not applicable td
knowledge Datagram Messages. A multiple.Slave Acknowledge sequeng
sfer cycle (DAO) to transmit aggregate message status. The transfer cycl
transmit a Message Status Word to the,Master. The individual Message
ed on the bus to form an aggregate-Message Status Word.

Acknow
Non-Ac
bus trarn
Slave tg
wire-OHR

During ¢ycle DAO, Slave modules shalk\transmit a Message Status Word to the M
lines <15...0>. The format of the Message Status Word shall be as defined in Fig
9. Datallines <15...8> shall have, the' same meaning as bits <15... 8> of the singl
Acknowledge Word and these'hits shall be replicated on the Data lines <7...0>,
permit grror checking. If thérg'is an uncorrectable line error in the Data line Groy
shall assume that both lines in any affected pair of redundant lines are asserted.
messages, bits <15.. 8>'shall also be replicated on Data Check lines <7..0>, resp
error cgrrection. Modules shall not assert any Data Group line on cycle DAO oth
defined|above. The’Master Bus Interface should pass the aggregate Message S
Master pevicé:

e consists of one
b is used by each
Status Word is

aster using Data
ure 8 and Figure
b Slave
espectively, to

p, the module
For Class EEC
bctively, to permit
er than the lines
fatus to the

Errors repe J
those errors that or|g|nate from HO through the second cycle prlor to cycle DAO.

4.3 Detailed Requirements:

43.1

hall include

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 Bus Request. All Pi-Bus communications
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4.3.1 (Continued):

4.3.2

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 conditions is specified and bus diagnostics techniques are defined.

Bus State Definitions:

states shall dlefine the information content of each bus cycle. Table 16 lists the bus-st

their corresp

onding Cycle Type and the protocol states in which they appear.

TABLE 16 - Bus State Definitions

The protocol states defined in 4.2 consist of sequences of bus states. The bus
ates along with

Bus Protocol

States CT State Comment
I I Idle Bus Idle Cycle
V0..V3 \Y, Vie Vie Priority bits resolved, 3 per step
VZ0..VZ3 V Vie Nontransfer cycle for, vie decision time
HO HO Header First cycle of header transfer
H1..H9 H Header Additional cycles of header transfer
HZ H Header Nontransfer cycle for decision time
HAO A Header Ack Single_Slave or first multicast Header Acknowledge
HALl..HA4 A Header Ack Additional multicast Header Acknowledge
D D Data Datum transfer cycles
DZ D Data Nontransfer cycle for decision time
DAO A Data Ack Single Slave or first multicast Data Acknowledgg
DA1..DA4 A Data Ack Additional multicast Acknowledge cycles
S0..S2 S Suspend Cycles announcing message being suspended
D D Suspend Slave transmitting Resume Control Word
Dz D Suspend Nontransfer cycle for decision time
ABO..AB3 AB  <Abort Cycles announcing sequence being aborted
Each of the Pi-Bus communication sequences defined herein has a corresponding sq

guence diagram

which shows the required schedule of bus states and the corresponding bus operations for that

sequence.

The sequence diagrams contain the following information:

a. Bus State

(1) Bus State: Unique bus state is shown for each scheduled bus cycle.

b. Data

(1) D<31..16>:

Data format type or state for the most significant 16-bits of a 32-bit bus.
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4.3.2 (Continued):

d.

)

®3)
(4)
(®)

Cycle Type

@)
)

Acknowledge Set

@)

)

®3)

(4)

(®)

(6)

Wait

1)

D<15..0>: Data format type or state for the 16-bit bus or the least significant 16-bits of a
32-hit bus.

Source: Bus Interface driving the Data lines; Master (M) or Slave (S).
Read Source: Shows cycles where the Slave (S) sources the Data during a read sequence.

Write Source: Shows cycles where the Master (M) sources Data during a write sequence.

If np source (Read source or Write source) is shown, Data lines are releaserli.

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

Soyrce: Shows the source of the Cycle Type symbol as'the Master (M) or p contender (C).

AcKnowledge: Defines the state of the Acknowledge Set lines for each bug cycle. The AS
lineg may be driven by a single Slave, by. multiple Slave, or by contenders inl Vie. For the
multiple Slave case, a Not Selected (NS)-beneath ACK means that an NS symbol may appear
for that bus cycle if there are no sourees for ACK during that cycle out of the group of potential
Slaye (S) sources.

Soydrce: The Acknowledge,source is shown as Slave(s) (S) or contender(s) (C) or, if not
shown, the lines are released.

Sodrce <7-0>: For'multiple Slave case, the source may be any Slave(s) (S) with an MID
valde of 0 through-.1:

Sodrce <15:8>! For multiple Slave case, the source may be any Slave(s) (S) with an MID
valde of 8 through 15.

Sodrce’<23-16>:  For multiple Slave case, the source may be any Slave(s)I(S) with an MID
value of 16 through 23.

Source <31-24>: For multiple Slave case, the source may be any Slave(s) (S) with an MID
value of 24 through 31.

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 three (:::) or four (::::) colons in a sequence diagram indicates that a number of bus states occur
in the sequence at that point.
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4.3.3 Bus Mastership: The protocol governing bus Mastership is specified herein. The Vie sequence which
assigns bus Mastership to a particular module is 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.

4.3.3.1 Vie Sequence:

4.3.3.1.1 16-bitan

d 32-bit Nonmixed Mode Vie:

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

Any mod
shall be ¢
Idle. All &
the winni

Due to pi
another 1
cease to
Modules
posted o

The Vie S
bus cyclg
bus Mast]
a one-of-

see 4.3.7.3.6).

Ule that requires bus Mastership may initiate Vie after two or more.cycleg
apable of participating in a Vie sequence which begins on the third or an
ctive modules shall monitor each step of the Vie process and:store the V
ng module.

peline delays, a module may attempt to initiate Vie one Cycle after Vie is
hodule. In this case, the module which attempted teinitiate the late Vie s
contend within two cycles and shall complete the'original Vie sequence ag
shall not attempt to initiate Vie more than one.eycle after the Vie Cycle T
h the Cycle Type lines.

equence shall be a four step sequenceas defined in Table 17. Each Vie §

prship shall decode the three mast significant bits (VP<11..9>) of their Vi

of Idle. Modules
y later cycle of
e Priority level of

nitiated by
bquence shall

a noncontender.
ype has been

tep shall use two

s to resolve three of the twelve bits.of Vie Priority code. Modules which gre contending for

Priority code into

pight Module Vie Code as shown in Table 18 and Table 19. Modules shdll initiate Vie by
e Module Vie Code on the'Pata line Group and the Vie cycle type on the
llowing bus cycle, contenders shall release the Data line Group.

Cycle Type lines.

prs from the Data
Code (VCO).
bd Module Vie

d by the module,
continue as an

[ed as the most

S|gn|f|cant 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. For a Class ED bus, if there is a mismatch in a bit pair
for the Data line Group, the module shall assume that both lines in any affected pair of redundant

lines are

asserted.
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4.3.3.1.1 (Continued):

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..0>, respectively. 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
Master 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 following the VZ3 cycle. If no bus Master is
selected due to error conditions, the bus shall return to the Idle state.

Table 17 defines the detailed sequence of bus states and module actions during the Vie sequence.
The Datd lines are shown as two groups of 16 lines each. Lines D<31..16>, if implemented, shall
remain rgleased throughout the Vie sequence. Contending modules shall postithgir Module Vie
Codes or) D<15..0> and, for EC Vies, on DC<7..0>. For an ED Vie, the Module Vie|Codes posted by
the contgnding modules shall be logically OR’ed during the first cycle of gach Vie step to form the
Aggregate Vie Code for that step. For EC Vies, each bit of the Aggredgate’ Vie Code shall be
determingd by the symbol posted on two of the three triplicated copies of the Module Vie Code.
Contendgrs shall post the symbol Vie on the Cycle Type lines ddring each cycle of the Vie as
illustratedq. Contenders shall also post the symbol RCG on théAS lines during eagh cycle of the
second, third, and fourth Vie steps. All active modules shall)post NAK on the AS lipes on cycle N+2
each timg¢ an uncorrectable Data group or Cycle Type group error which applies t¢ the operation of
bus cyclg N is detected.

Modules shall not assert Wait nor Bus Request during the Vie sequence. Nonconfenders shall not
assert any line or post any symbol during the Vie sequence other than posting NAK on the AS lines
as specifled above. All active modules shallmonitor the Vie sequence and record|the winning bus
Master’s jpriority code. Uncorrectable Data-or Cycle Type group line errors detectgd during the Vie
sequencg shall cause the modules which do not win the Vie sequence to store "upknown" as the
current bus Master’s priority code. Iferrors occur during the Vie sequence, refer tq Error Table 9 for
error pro¢essing. During subcycle 1 of each Vie step, Data line errors for bit pairs jother than the
most sigrjificant pair that has'a)line asserted shall be considered correctable for an|ED Vie since the
winning griority is not affected. A module which has "unknown" for the current bus| Master’s priority
code sha]l signal "Command Error" in the Header Acknowledge Word for Non Datagram Message
types to the bus Mastérif the module becomes a Slave during the bus Master’s tgnure see 4.3.9).
See 3.2.2.1.3.1.2'forData Check line assertion and data parity detection requirentents during Vie
for an EQ Vie.<See 3.2.2.1.3.2.2 for Data Check line assertion and error correctior) requirements
during Vig foran EC Vie.
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TABLE 17 - Vie Sequence

Signal Bus State Bus State Bus State Bus State Bus State Bus State Bus State  Bus State
Lines VO VZ0 V1 VZ1 V2 \vi V3 VZ3
DATA?
D<31..16> 0 0 0 0 0 0 0 0
D<15..8> VCO 0 VC1 0 VC2 0 VC3 0
D<7..0> VCO 0 VC1 0 VC2 0 VC3 0
DC<7..052 VCO 0 VC1 0 VC2 0 VC3 0
Source = C C C T
CYCLE TYPE v v v v v v v v
Source =C
Acknowledge NS NS ECG ECG (R:CG (R:’CG (F:j LG CR:CG
Source =
WAIT o N N0 o X N0 NN
Allowed o
STEP SUB-CY]LE L 2 L 2 L 2 L 2
VIE PRIORITY ié 1(1) 3 3 i i i i
CODE BITS
9 9 6 6 3 3 0 0
VIE STEP 0 0 1 1 2 2 3 3
1vcCx is the vie ¢ode formed by the inclusive 'OR.-0f.the vie codes asserted by all contending modules (C).
2DC<7..0> are gnly valid for error correction vie.
TABLE 18 - Module Vie Code Format - Data lines
Data Data Pata Data Data Data Data Data Data Data Data Data Data Data Data Data
Bit Bit Bit Line Line )Line Line Line Line Line Line Line Line Line Line Line Line Line Line
Pattern Pattern Pattern 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0] 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0
0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0
1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0
1 1 1 1 0 0 0 0 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 step
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TABLE 19 - Module Vie Code Format - Data Check Lines

Data Data Data Data Data Data Data Data

Check Check Check Check Check Check Check Check
Bit Bit Bit Line Line Line Line Line Line Line Line
Pattern Pattern Pattern 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 1 0

0 1 D 0 0 0 0 0 T o) 0

0 1 1 0 0 0 0 1 0 Q 0

1 0 D 0 0 0 1 0 0 0 0

1 0 fl 0 0 1 0 0 0 0 0

1 1 D 0 1 0 0 0 0 0 0

1 1 l 1 0 0 0 0 0 0 0
11 10 D Vie Priority register bits for first vie step

8 7 § Vie Priority register bits for second vie stepg

5 4 B Vie Priority register bits for third vie step

2 1 D Vie Priority register bits for fourth vie step

4.3.3.1.2 Mixed M
shall be 3
shall ope
true).

[Rational
perform.
are, the
others ug
4.3.3.2 Tenure Pal

4.3.3.3 Bus Requd

bde Vie: For each BIU capable of becoming a Type 32 EC mixed mode
. programmable bit called Vie_Mode . \EC. This bit specifies whether the
rate in error detection mode (Vie_Mode_EC false) or error correction mod

. The Vie_Mode_EC bit\was specified to determine what type of Vie s
Basically, it tells the BitJ whether there are any Type 16 ED modules on
ie must be performediusing error detection only. If some modules used
ed correction, mdltiple Masters could result when errors occurred during

5s Message./~This message type is not permitted.

st:  Fhe priority used during a message Vie sequence shall be defined

concatenation ‘ofithe module’s logical priority with its MID. However, the priority useq
Bus Requgstimay be asserted shall be the module logical priority only. If current Mg
change its priority, it shall assert Bus Request and follow the rules specified in 4.3.5.1.

bus Master, there
Vie sequence
e (Vie_Mode_EC

pquence to

he bus. If there
etection while
the Vie.]

hs the
in determining if

ster wishes to

The Bus Request line shall be asserted by a module to signal the current bus Master that the module
has ahigher priority requirement for bus Mastership. The module asserting Bus Request shall ensure
that this condition is met by only asserting Bus Request when the module’s logical priority (contained
in the Vie Priority register bits 5 through 11) contains a higher priority code than that of the current bus
Master’s logical priority. A module shall not assert Bus Request when the current bus Master’s priority
code is unknown. The current bus Master shall honor Bus Request by relinquishing tenure 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 4.3.7.3.4 and 4.3.7.3.5). The module that asserted Bus Request shall start its Vie
sequence on the third cycle after the previous Master relinquished
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4.3.3.3 (Continued):
tenure, if the module that asserted the Bus Request still requires bus Mastership.

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.

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
for Bus Request. Any subsequent cycle in which Bus Request is released shall not be counted and
shall causq the accumulated count to be discarded.

A Bus Regest shall cause no activity in the Master, until Vie Timer A expiration. Thie allowable ways
to release fenure include:

a. Releade all bus lines to place the bus in the Idle state, rather than‘post an HO cycle.

b. If a Blqck Message data sequence is in progress and the Slave(s) have indicated to the
associgted Header Acknowledge that suspension is alloweéd, the bus Master may perform a
Suspend sequence (see 4.3.5.1) and release all bus lines before the total Vie Interval time
elapsep.

c. Datagram Messages are suspendable, the bus,Master may perform a Suspend|sequence
(see 4J3.5.1) and release all bus lines beforeithe total Vie Interval time elapses.

d. |If the gycle count reaches the sum ofthe value specified in the Vie Interval A Reggister, plus the
value gpecified in the Vie Interval B\Register, the bus 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. After completing the Aborf sequence, the
Masten shall immediately relinquish tenure and release all bus lines (see 4.3.5.23).

4.3.4 Message Sepguences:

4.3.4.1 Parameter|Write Message Sequence: The Parameter Write Message shall be used to transfer three
parameter words from the Master device to a Slave or multiple Slave devices. The Parameter Write
sequence Tf bus-states shall be as defined in the following tables:

Type 16 ED Single Slave: Table 20
Type 16 ED Multiple Slave: Table 21
Type 32 EC Single Slave: Table 22
Type 32 EC Multiple Slave: Table 23

coopw
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TABLE 20 - Parameter Write Sequence - Type 16 ED Single Slave

Signal Bus State Bus State Bus State Bus State Bus State Bus State
Lines HO H1 H2 H3 HZ HAO
DATA
D<31..16> 0 0 0 0 0 0
D<15..0> HWA HWB HWCO HWC1 0 AWS
Source = M M M M S
CYCLE TYRE HO H H H H A
Source =M
Acknowleldge NS NS RCG RCG RCG ACK
Source = S S S S
WAIT 0 0 0 0 0 0
Allowed NO NO YES YES YES YES
TABLE 21 - Parameter Write Sequence - Type ‘46’ED Multiple Slave
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State State
Signal Lines HO H1 H2 H3 HZ HAO HA1 HA2 HA3 HA4
DATA
D<31..16> 0 0 0 0. 0 0 0 0 0 0
D<15..0> HWA HWB HWCO HWC1 0 AWMO AWM1 AWM2 AWM3 AWM4
Source = M M M M S S S S S
CYCLE TYPE HO H H H H A A A A A
Source =M
Acknowledge NS NS RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = S S S S S
Source (15..8) = S S S S S
Source (23..16) = S S S S S
Source (31..24) = S S S S S
WAIT a) a) a) a) a) a) a) Q 0 0
Allowed NO NO YES YES YES YES YES YES YES YES
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TABLE 22 - Parameter Write Sequence - Type 32 EC Single Slave

Signal Lines Bus Bus Bus Bus
State State State State
HO H1 HZ HAO
DATA
D<31..16> HWB HWC1 0 0
D<15..9> HWA HWCO 0 AWS
Spurce = M M S
CIYCLE TYPE HO H H A
Spurce = M
Atknowledge NS NS RCG ACK
sgurce = S S
WAIT 0 0 0 0
Allowed NO NO YES YES

TABLE 23 - Parameter Write Sequence—= Type 32 EC Multiple Slave

Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State
Signal Lines HO H1 HZ HAO HAl HA2 HAS3 HA4
DATA
D<31..16> HWB HWC#z 0 0 0 0 0 0
D<15..0> HWA HWCO 0 AWMO AWM1 AWM?2 AWM3 AWM4
Source = M M S S S S S
CYCLE TYPE HO H H A A A A A
Source =M
Acknowledge NS NS RCG ACK ACK ACK AC ACK
(NS) (NS) (NS) (NS)
Source (7..0) = S S 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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4.3.4.1 (Continued):

Header word formats for the Parameter Write Message shall be as shown in Figure 10. Header Word
A shall specify the Slave(s), Type 16 ED or Type 32 EC Format, Access and Message Types. The
Access Type field shall be as defined in Table 13. Message Types shall be as defined for the single
Slave (SS) and multiple Slave cases. Header Words B, CO, and C1 shall contain the parameter words
to be passed to the device.

HEADER WORD A (HWA)
e +
| AT — MSGTYPE SLAVEID 1

4 - --—_l

7161 51413121110\

i
1151141L3122)11110) 9 | 8
[Rm—— R S +

+ — + -

HEADER| WORD B (HWB)
+- -- ——

115114103122112110) 9 | 8 | 7 | 6 { S| 4 "1 21 11 0|

bomccmeh———ce e —————— Y ¢ S, +

MSB <-=fp==e=ccec—c~-- Parameter Word 0 —==- >LSB

HEADER| WORD C0O (HWCO)

fom———— - - - -- e S et S e L L L +
[151214(ft3112111410) 9 | 8 | 7 |, &1 5t 41 3 12111 01
to—- - bl ¢ ittt e e L D L LD D Dt Dt +
MSB <{==p=w-—cecce—ce- Parameter Word 1 - - -->LSB

HEADER| WORD C1 (HWC1)

115}14 1031124114104 @y 8 |1 7 1 6 | 51 41 312111 01
tommw e ercc el — e ——————— ————+
MSB < Parameter Word 2 -=->LSB

FIGURE. 10 - Parameter Write Header Word Formats

The Head¢r Acknowledge Word (AWS) shall supply current message status informhtion to the
Master from the Slave for single Slave sequences. For multiple Slave sequences, the multiple Slave
Status Word (AWMO) shall supply current message status information to the Master. The multiple
Slave Header Acknowledge Words (AWM1, AWM2, AWM3, AWM4) convey the list of Slave
participants to the Master.

AT codes 010-110 shall be illegal Parameter Write AT codes. If a Slave receives an AT code 010-
110 for a Parameter Write, it shall respond Resource Not Present. AT code 111 shall be a Reserved
Parameter Write AT code. A Slave shall respond with a Command Error if a Parameter Write with

AT code of 111 is received.
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4.3.4.1.1 Logical Type: The header words for Parameter Write Message Logical type shall be as shown in
Figure 11. AT code 001 designates a logical Parameter Write Message in which HWB, HWCO, and
HW(C1 shall be transferred to the Slave device, the Slave device shall be notified (e.g., interrupted)
upon completion of the transfer, and the Slave BIU shall provide a mechanism for the Slave device
to access the transferred parameters.

MSB LSB
151413121110 9 8 7 6 5 4 3 2 1 0

1|' AT | MSG TYPE | F| SLAVE ID T HWA
1 0 0 1) [ l
E PARAMETER WORD 0 | HWE
I PARAMETER WORD 1 T HWCO
| PARAMETER WORD 2 | HWel
+ +

FIGURE 11 - Parameter Write Message, ‘AT Code = 001

4.3.4.1.2 Event Fijter Type: The header words for Parameter \Write Message Event Filter|type shall be as
shown in Figure 12.

MSB LSB
1514 13121110 987 6 S 4 3 2 1 0

| AT | MSG TYPE .| F| SLAVE ID | HWA
1[0 o0 ol [ I

| EVENT FLAG | HWB
| |RESERVED.< | LABEL | HWCO
| RESERVED | HWC1

FIGURE 12 - Parameter Write Message, AT Code = 000

AT code 000 designates an Event Filter Parameter Write Message. The LABEL field is a 12-bit right
Justified label that is used by the Slave to determine:

a. Label Active: If the Slave will not accept messages for the specified label, then the Slave shall
cease to participate as a Slave in the Pi-Bus sequence (prior to Header Acknowledge) and shall
not assert any error conditions on the Pi-Bus due to the BIU not being able to accept a
message.
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4.3.4.1.2 (Continued):

b. Event Mask Satisfied: The Event Flag in HBW shall be logically OR’ ed with any previous
Event Flag transferred to the active label. The resultant Event Flag shall be compared by the
Slave BIU against a Mask word. The Slave device shall be notified (e.g., interrupted) upon a
match between the resultant Event Flag and the Mask. The resultant Event Flag shall also be
transferred to the Slave device, and the label shall be set inactive. The Slave BIU shall provide
a mechanism for Slave device to supply the Mask and access the transferred Event Flag.

4.3.4.2 Block Message - Short Header (SH) Sequence: The Block Message - Short Header (SH) sequence
shall be uskd 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. The Block Message - Short Header, (§H) sequence of
bus states shall be as defined in the following tables:

Type 1§6 ED Single Slave: Table 24
Type 16 ED Multiple Slave: Table 25
Type 3R EC Single Slave: Table 26
Type 32 EC Multiple Slave: Table 27

aoopw

Block Messgages (for both short and extended headers) may.support both a direct memory access
addressing mode and a label addressing access modesLabel addressing supports g "logical"
addressing mode in which a 16 bit value is used by the*module’s BIU to determine the module’s
requirement to participate in the message sequence‘as a Slave and to determine the address of the
buffer in the module to be used during the message transaction. Direct addressing $upports an
addressing mode in which the 32 bits specified’in HWCO and HWC1 specify a virtugl address of the
buffer in thp Slave to be used during the message transaction. AT codes shall be uged to determine
whether lalpel addressing or direct addressing is associated with a message.

The ability pf a module type to accept a directly addressed or label addressed Block Message shall be
controlled from the device-sidé€ interface. If direct addressing is used, the meaning ¢f the direct
address is jps specified in the_¢orresponding module specification.

NOTE:

tfis the intent\of-the Backplane Committee that the following philosophy be followed
regarding Block Messages. Modules which act as both a Pi-Bus Master and Pi-Bus Slave
sh
H
ar :
which acts onIy as a Pi-Bus Slave may accept Block Messages which use e|ther direct
addressing or label addressing.

-61 -



https://saenorm.com/api/?name=de1378633c59c32c89fff66676e00345

SAE

AS4710

TABLE 24 - Block Message - SH Sequence - Type 16 ED Single Slave

Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State State State
Signal Lines HO H1 H2 H3 HZ HAO DO Dn Dz DAO
DATA
D<31..16> 0 0 0 0 0 0 0 0 0 0
D<15..0> HWA HWB HWCO HWC1 0 AWS DO Dn 0 AWS
Source = M M M M S S
Read Source = S S S
Write Source = M M M
CYCLE TYPE H H H H H A D D D A
Source =M
Acknowledge N NS RCG RCG RCG ACK RCG o 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
TABLE 25 - Block Message - SH Sequeriee - Type 16 ED Multiple Slave
TABLE 25A - Bus State HO to Bus State HA4
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State Btate State
Signal Lines HO H1 H2 H3 HZ HAO HA1 HA2 HA3 HA4
DATA
D<31..16> 0 0 0 0 0 0 0 0 D 0
D<15..0> HWA HWB HWCO HWC1 0 AWMO AWM1 AWM2 AWM3 AWM4
Source = M M M M S S S S S
CYCLE TYPE HO H H H H A A A A A
Source =M
Acknowledge NS NS RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = S S S S S
Source (15..8) = S S S S 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 0
Allowed NO NO YES YES YES YES YES YES YES YES
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TABLE 25B - Bus State DO to Bus State DA4

Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State
Signal Lines DO DN DZ DAO DA1 DA2 DA3 DA4
DATA
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> DO Dn 0 AWMO AWM1 AWM2 AWM3 AWMA4
Source = M M M S g Q Q s
CYCLE TYPE D D D A A A A A
Source =M
Acknowledge RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (N$) (NS)
Source (7..0) = 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
Allowed YES YES YES YES YES YES YES YEB YES
TABLE 26 - Block Message--'SH Sequence - Type 32 EC Single Slave
Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State Statq State
Signal Lines HO H1 HZ HAO DO Dn Dz DAO
DATA
D<31..16> HWB HWC1 0 0 DOH DnH 0 0
D<15..0> HWA HWCO 0 AWS DOL DnL 0 AWS
Source = M M S S
Read Source = MS l\S/I S
Write Source = M ay
CYCLE TYPE HO H H A D D D A
Source =M
Acknowledge NS NS RCG ACK RCG B RCG RCG ACK
Source = S S S S S S S
WAIT 0 0 0 0 0 B 0 0 0
Allowed NO NO YES YES YES YES YES YES YES
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TABLE 27 - Block Message - SH Sequence - Type 32 EC Multiple Slave

TABLE 27A - Bus State HO to Bus State HA4

Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State
Signal Lines HO H1 HZ HAO HA1 HA2 HA3 HA4
DATA
D<31..16> HWB HWC1 0 0 0 0 0 0
D<15..0> HWA HWCO0 0 AWMO AWM1 AWM2 AWMM3 AWM4
Source = M M S S S S S
CYCLE TYPE HO H H A A A A A
Source =M
Acknowledge NS NS RCG ACK ACK ACK AC ACK
(NS) (NS) (Ng) (NS)
Source (7..0) = S S 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 YE$ YES
TABLE 27B - Bus State DO to Bus State DA4
Bus Bus Bus Bus Bus Bus Bus Blis Bus
State State State State State State State State State
Signal Lines DO Dn Dz DAO DAl DA2 DA3 DA4
DATA
D<31..16> DOH i DnH 0 0 0 0 0 0
D<15..0> DOl il DnL 0 AWMO AWM1 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..0) = 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
Allowed YES YES YES YES YES YES YES YES YES
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4.3.4.2 (Continued):

The header word formats for the Block Message - Short Header sequence shall be as shown in
Figure 13. Header Word A shall specify the Slave(s) ID, Type 16 ED or 32 EC Format, Access and
Message Types. 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 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 C1 shall contain 32-bits of \
informatiory

The Headsd
Master fror

Data word

Block Mess

32 EC seq

double world or a single word transmitted on Data lines D<15..0> contains the L deg
most signif

the H desig

Except for
with extend
HWC1) arg

AT codes ]
for a Block

4.3.4.2.1 Label Ad
are show

AT codeq
addressi
using lab
memory

to be passed to the device.
h the Slave.

age - Short Header sequence shall be equal to the value in Header Wor
ences, data words are shown with L or H designations. The least signifi

cant half of a double word or a single word transmitted on Data lines D<
nation.

the Message Type in HWA and the extended header words DO-D5 for Bl
ed header, the interpretation of themessage headers (i.e., HWA, HWB,
identical for both short and extended headers.

00-111 shall be illegal Block Message AT codes. If a Slave receives an
Message, it shall respond Resource Not Present.

dressing: The header words for Block Messages - Short Headers using
n in Figure 14

000 and. 001 denote label addressing for Block Messages. When a mes
g is initially transferred to a Slave, the AT code shall be 000. When a sus
l.addressing is resumed, the AT code shall be 001. The initial offset is 3

r and Data Acknowledge words shall supply current message status info

irtual addressing

rmation to the

ormats are application specific. The number of words grdouble words trgnsferred for each

] B. For the Type
cant half of a
ignation. The
B1..16> contains

pck Messages
HWCO, and

A\T code 100-111

label addressing

sage using label
pended message
dded to the

\where the

message is to be transferred. For example, an initial offset of zero designates that the message will
be transferred starting at the location designated by the label.
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HEADER WORD A (HWA)

-+

-+

** For resume message headers, HWB is the
number of datum remaining to be transferred
and HWC1 is initial data offset + number of
datum transferred.

? AT | MSG TYPE IE SLAVE ID T

i15l14113112l11I10| 9 E 8 E 7161514 1312110 E

HEADERWORD—B—(HWB)

E 3114)131221121101 9 1 8 1 71 6 1 S 1 413 ) 2111D E

;s < Datum Count >Ls;

Aa]anza WORD CO (HWCO)

£15l14|13I12I11110I 9 1817161514431 211190 T
Crmomennee Least Significant Address Bits -—w—e—eee-- p 8

HEADER WORD Cl (HWC1)

IlgT:4I13l12I11110l 91817 |€6151 413121} 1) ;-I
; {memconaaa Most Significant Address Bits --———ceaea- > lg
FIGURE 13 - Block Message - Short Header Word Formats
MSB LSB
151413121110 9 8 7 6 5 4 3 2 1 0

? AT | MSG TYPE | F| SLAVE ID I HWA
I INITIAL COUNT OR COUNT REMAINING . | HWB
X LABEL T o

!

INITIAL OFFSET OR INIT OFFSET + # DATUM XFER **| HWC1

FIGURE 14 - Block Message - Short Header - Label Addressing
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4.3.4.2.1 (Continued):

For Block Message and Datagram Message types, the LABEL field is a 16-bit right justified label
that is used by the Slave to determine:

a. Labe

| in Range:

If the label is not within a Slave’s defined range, the Slave ceases to

participate as a Slave in the Pi-Bus sequence and does not assert any error conditions on the
Pi-Bus due to the label being out of range.

Labe

| Active:

ceas
on th

Labe
busy
sequ
label
Example

a. Abu

interqupt and for which the Slave device had ngt reset the busy condition.

The

Labe
label
ceas
mess
sequ
spec

Maxi
maxi

Location:

P to participate as a Slave In the Pi-Bus sequence and shall not assert an
e Pi-bus due to the BIU not being able to accept a message.

Busy: For Block Messages, if the message is an initial header {AT=000

ence after Header Acknowledge is completed. For Datagram’ Messages
busy is specified in 4.3.9.6.4.

conditions causing a label to be busy include:

by condition set because of a previous transaction to the specified label

Slave setting the label to busy.

Suspended: For Block Messages, if the message is a resume header (
is not suspended, the BlU,shall assert Command Error in the Header Ag
b to participate in the Pi-Bus’sequence after Header Acknowledge is con
age is a resume headerand the buffer is suspended, the BIU shall begin
bnce of the message) For Datagram Messages the response to Label Sy
fied in 4.3.9.6.4.

The-lecation in the Slave device of where message data is to be p

mumdBuffer Size Associated with Label: For Block Messages, if HWB 4
mum’buffer size associated with the label, then the BIU shall assert Resd

If the Slave will not accept messages for the specified label, then the Slave shall

y error conditions

), and the label is

the BIU asserts Busy in the Header Acknowledge, and ceases'to patrticipate in the Pi-Bus

he response to

vhich caused an

AT=001), and the
knowledge and
pleted. If the

he Data Transfer
spended is

aced or read.

HWC1 >
urce Not Present

in th

Header Acknowledge and cease to participate in the Pi-Bus sequence 4

fter Header

Acknowledge is completed. For Datagram Messages the response to maximum buffer size
associated with label is specified in 4.3.9.6.4.

Both Block Messages and Datagram Messages can use the same label.
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4.3.4.2.2 Direct Addressing: The header words for Block Messages - Short Headers using direct
addressing are shown in Figure 15.

4.3.4.3

MSB LSB
151413121110 9 8 7 6 S5 4 3 2 1 O

I AT | MSG TYPE | F| SLAVE ID --T HWA
: INITIAL COUNT OR COUNT REMAINING ** : HWB
:_ DIRECT ADDRESS LOW : HWCO
: DIRECT ADDRESS HIGH ---: HWC1
*

*

FIGURE 1

AT code
addressi
resumed

Block Mes
sequence
from the M

For resume message headers, HWB is the number
of datum remaining to be transferred.

5 - Block Message - Short Header - Direct{Addressing

5 010 and 011 designate direct addressing for Block Messages. When a n
ng is initially transferred to a Slave, the AT code shall be 010. When a sug
, the AT code shall be 011.

sage - Extended Header Sequence: The Block Message - Extended H
Shall be used to read data from a singléZSlave device to the Master devidg
aster device to one or more Slave dévices. This sequence shall be used

essage using direct
pended message is

bader (EH)
e or to write data
where more header

information is required than that provided by-the Block Message - Short Header sequence. The Block

Message -
a. Type]
b. Type]
c. Type3
d. Type 3
Block Mes

Extended Header sequence of;bus states shall be as defined in the follg

6 ED Single Slave:
6 ED Multiple Slave:
2 EC Single Slave!
2 EC Multiple Slave:

Table 28
Fable 29

Table 30
Table 31

sages (forboth short and extended headers) may support two addressin

addressing
direct add
extended
message

and direct’addressing. AT codes are used to determine whether the lab
essing’is associated with the message. Except for the Message Type in
eader words D0-D5 for Block Messages with extended headers, the intsg

wing tables:

j modes: label
el addressing or
HWA and the

rpretation of the

headers. Refer to 4.3.4.2 for a detailed discussion of the message sequence.

and extended

Header word formats for the Block Message - Extended Header sequence shall be as shown in Figure
16. Header Word A shall specify the Slave(s) ID, Type 16 ED or 32 EC Format, Access and Message
Types. 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, single Slave Read, and multiple Slave cases. Header Word B shall contain an
unsigned binary datum count which specifies the number of datum units to
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TABLE 28 - Block Message - EH Sequence - Type 16 ED Single Slave

TABLE 28A - Bus State HO to Bus State HAO

Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State
Signal Lines HO H1 H2 H3 H4 H9 HZ HAO
DATA
D<31..16> 0 0 0 0 0 L 0 0 0
D<15..0> HWA HWB HWCO0 HWC1 HWDO :::: HWD5 0 AWS
Source = M M M M M M M S
CYCLE TYPE HO H H H H H H A
Source =M
Acknowledge NS 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 YEB YES
TABLE 28B - Bus State DO to Bus State DAO
Bus Bus Bus Bus Bus Bus Bus
State State State State State State State
Signal Lines DO D1 D2 Dn Dz DAO
DATA
D<31..16> 0 0 0 0 0 0
D<15..0> DO D1 D2 Dn 0 AWS
Source = S
Read Soujce = S S S S S
Write Souijce = M M M M M
CYCLE TYPE D D D D D A
Source =W
Acknowledge RCG RCG RCG R RCG RCG ACK
Source = S S S S S S S
WAIT 0 0 0 o 0 0 0
Allowed YES YES YES YES YES YES YES
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TABLE 29 - Block Message - EH Sequence - Type 16 ED Multiple Slave

TABLE 29A - Bus State HO to Bus State HA2

Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State State State
Signal Lines HO H1 H2 H3 H4 H9 HZ HAO HA1 HA2
DATA
D<31..16> 0 0 al ] al | al ] 0 0
D<15..0> HWA HWB HWCO HWC1 HWDO HWD5 0 AWMO AWM1 AWM2
Source = M M M M M M M S S S
CYCLE TYPE HO H H H H s H H A A A
Source =M
Acknowledge NS NS RCG RCG RCG s RCG RCG ACK ACK ACK
(NS) (NS)
Source
(7..0) = S S S S S S S S
(15.8) = S S S S S S S S
(23.16) = S S S S S S S
(31.24) = 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
TABLE 29B.- 'Bus State HA3 to Bus State DA4
Bug Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
Statp State State State State State State State State State State
Signal Lines HA HA4 Do Dn Dz DAO DAl DA2 DA3 DA4
DATA
D<31..16> 0 0 0 i 0 0 0 0 0 0 0
D<15..0> AWM3 ~AWM4 DO s Dn 0 AWMO AWM1 AWM2 AWM3 AWM4
Source = S S M M M S S S S S
CYCLE TYPE A A D s D D A A A A A
Source =M
Acknowledge ACK ACK RCG s RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS) (NS) (NS)
Source
(7..0) = S S S S S S
(15.8) = S S S S S S
(23.16) = S S s s s s s s
(31.24) = S S S S S S
WAIT 0 0 0 0 0 0 0 0 0 0
Allowed YES YES YES YES YES YES YES YES YES YES YES
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TABLE 30 - Block Message - EH Sequence - Type 32 EC Single Slave

TABLE 30A - Bus State HO to Bus State HAO

Bus Bus Bus Bus Bus Bus Bus
State State State State State State State
Signal Lines HO H1 H2 H3 H4 HZ HAO
DATA
D<31..14> HWB HWC1 HWD1 HWD3 HWD5 0 0
D<15..03 HWA HWCO HWDO HWD2 HWD4 0 AWS
Source M M M M M S
CYCLE TYPE HO H H H H H A
Source 4 M
Acknowl¢dge NS 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
TABLE 30B™- Bus State DO to Bus State DAO
Bus Bus Bus Bus Bus Bus Bus
State State State State State State State
Signgl Lines DO D1 D2 Dn Dz DAO
DATA
D<31..16> DOH D D2H DnH 0 q
D<15.. Bot BH B2t Brt © WS
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 = M
Acknowledge RCG RCG RCG nn RCG RCG ACK
Source = S S S S S S S
WAIT 0 0 0 B 0 0 0
Allowed YES YES YES YES YES YES YES
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TABLE 31 - Block Message - EH Sequence - Type 32 EC Multiple Slave

TABLE 31A - Bus State HO to Bus State HA4

Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State State State
Signal Lines HO, HE H2 H3 4 HZ HAD HAT HAZ HA3 HA4
DATA
D<31..16> HWB HWC1 HwDl1 HWD3 HWD5 0 0 0 0 0 0
D<15..0> HWA HWCO HWDO HWD2 HWD4 0 AWMO AWML AWM2 AWM3 AWM4
Source = M M M M M S S S S S
CYCLE TYPE HO H H H H H A A A A A
Source =M
Acknowledge NS NS RCG RCG RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (N$) (NS)
Source
(7..0) = S S S S S S
(15.8) = S S S S S S
(23.16) = S S S S S S
(31.24) = S S S S S S
WAIT 0 0 0 0 0 0 0 0 0 0 0
Allowed NO NO YES YES YES YES YES YES YES YES YES
TABLE 31B - Bus State DO to Bus State DA4
Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State
Signal Lines DO Dn Dz DAO DA1 DA2 DA3 DA4
DATA
D<31..16> DOH e DnH 0 0 0 0 0 0
D<15..0> DOL i DnL 0 AWMO AWM1 AWM2 AWMB AWM4
Source = ot ot ot S S S S S
CYCLE TYPE D o D D A A A A A
Source =M
Acknowledge RCG n RCG RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = 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 e 0 0 0 0 0 0 0
Allowed YES YES YES YES YES YES YES YES YES
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HEADER WORD A (HWA)
+ e e T L S - +

| AT | MSG TYPE | F | SLAVE ID |
| m==- + +o——t l
f151141131121111101 9 1 8 | 7 | 6 1 5| 4] 3121110 i
| == + e R i . !
HEADER WORD B (HWB)

+=t-—= i L L TS S s A -+
1131141131121111104 9 | 8 1 7 1 6 1 S |1 41 3 1291 0
+- - - - -- -+
MSjA; - Datum Count -~ -==>LSB
H ER WORD CO (HWCO)

todemm——e - B e -+
1131141131221111201 9 | 8 } 7 1 6 | S.1~4 | 3 12111 0]
todeme- - -- - -- ————+
15 [Ke=mmmeeee Least Significant Address Bits ===—=-ee—--- > 0
HEADER WORD Cl1 (HWC1)

+- ——— -— ittt -+
F13114113112112)104 9 | 8.4 7 + 6 | S ) 4| 3 1211 0]
R e —&s -- - -—- -+
31 Ke=mmmmmees Most Significant Address Bits -==-—-—eee-- > L6
HHADER WORD DO (HWDQ)
+ - -— -+
[15(114113112111R10) 9 1+ 8 { 7 1 6 1 S| 41 312111 0]
il e e bt D L L S PR —-——t+
MSH LEB

* * b 4
* »* *

HEADER WORD D5 (HWDS)

+ —— +
NS syt 8 71T 6 T 5T 81 3T 21T 17170 |
i - e -+
MSB LSB

FIGURE 16 - Block Message - Extended Header Word Formats
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4.3.4.3 (Continued):

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 C1 shall contain 32-bits of virtual addressing

information to be passed to the device.

4.3.4.3.1 Label Addressing: The header words for Block Messages - Extended Headers using label

addressing are shown in Figure 17.

HWA

HWB

HWCO

HWC1

M TSB
19 14 131212110 9 8 7 6 5 4 3 2 1 0
[FRpS P - P ——
| AT | MSG TYPE | F| SLAVE ID |
+=- - - +
{ INITIAL COUNT OR COUNT REMAINING ** |
+ - Emmat
| LABEL I
+=e= - - - +
| INITIAL OFFSET OR INIT OFFSET + # DATUM XFER **|
- e

! EXTENDED HEADER DO

|

|

!

v

| EXTENDED HEADER D5

+
<
+

bt m——

** |For resume message headers, HWB

transferred.

FIGURE 1|7 - Block -Message - Extended Header - Label Addressing

4.3.4.3.2 Direct Afldressing:—'The header words for Block Messages - Extended Headers

addressing aré-shown in Figure 18.

4.3.4.4 Bus Interfa

is the number

of datum remaining to be transferred and HWCl
is initial data . offset + number of datum

HWDO
HWD1
HWD2
HWD3
HWD4
HWDS

Lising direct

pad or write to the

Bus Interface reglster address spaces. The Bus Interface Message sequence of bus states shall be

as defined in the following tables:

Type 16 ED Single Slave: Table 32
Type 32 EC Single Slave: Table 32
Type 16 ED Multiple Slave: Table 33
Type 32 EC Multiple Slave: Table 33

aoopw

Header word formats for the Bus Interface Message sequence shall be as shown in Figure 19.
Header Word A shall specify the participant Slave(s), Format, Access and Message Types. [NOTE:
The format bit will be set to one for Bus Interface Messages between 32-bit EC mixed mode modules
performing 32-bit EC transfers]. The message sequence shall be
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FIGUR

MSB LSB
151413121110 9 8 7 6 5 4 3 2 1 0

+ ——— e +

) AT | MSG TYPE | F| SLAVE ID | HWA
- -— e e +

I INITIAL COUNT OR COUNT REMAINING ** | HWB
et P, +

] DIRECT ADDRESS LOW | HWCO
—————— e m e e +

| DIRECT ADDRESS HIGH | H

B e O O +

| EXTENDED HEADER DO {1 HWD
I | |, \HWD
| | | HWD
I | | HWD
I v | HWD
| EXTENDED HEADER DS | HWDB
RSP = . A, +

** For resume message headers,
of datum remaining to be transferred.

HWB is\ the number

F 18 - Block Message

HEADER WORD A (HWA)

- Extended\Header - Direct Addres

sing

R e et T S, +
| AT | MSG TYPE ¢ F | SLAVE ID i
B e i T, + P e e v e c e e o ——————— +
11511411311241212009° 1 8 | 72 |1 6 | St 41 312111 0|
- -—— + + - e S +
HEADER WORD B (HWB)
pommmaf = - - - ———
1151141131121111101 9 1 8 V) 7 1 6 | S 1 41 312110
+ ————ree—ce——— o ——— e et ———— e e c————— +
|MSB LSBIMSB LSB
| !
| Word Count

|
|
|
| Register Address
!

FIGURE 19 - Bus Interface Message Header Word Formats
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TABLE 32 - Bus Interface Message Sequence - Type 16 ED and Type 32 EC Single Slave

Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State state State State State State State
Signal Lines HO H1 HZ HAO DO Dn Dz DAO
DATA
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> HWA HWB 0 AWS DO Dn 0 AWS
Source = M M S S
Read Soufce = S S S
Write Soufce = M M M
CYCLETYPE HoO H H A D D D A
Source =M
Acknowledlge NS NS RCG ACK RCG RCG RCG |ACK
Source = S S S S S S S
WAIT 0 0 0 0 0 Dl 0 0 0
Allowed NO NO YES YES- YES YES YES VYES |YES
TABLE 33} Bus Interface Message Sequence - Type 16 ED and Type 32 EC Multiple Slave
TABLE 33A.- Bus State HO to Bus State HA4
Bus Bus Bus Bus Bus Bus Bus Bus
State State State state State State State State
Signal Linep HO H1 HZ HAO HAl 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 NS RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = S S 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 33B - Bus State DO to Bus State DA4

Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State
Signal lines DO M Dn Dz DAO DAl DA2 DA3 DA4
DATA
D<31..16> 0 R 0 0 0 0 0 0 0
D<15..0> DO N Dn 0 AWMO AWM1 AWM?2 AWM3 AWM4
Source = M M M S S S S S
CYCLE TYPE D N D D A A A A\ A
Source =M
Acknowledge RCG R RCG RCG ACK ACK ACK \NCK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = S S S S S S
Source (15..8) = S S S S S S
Source (23..16) = 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 ES YES

4.3.4.4 (Continued

identical fo
EC, Data (

The Mess4
Slave casg
accessed i
be transfer|
words. Ead
register ad

):

I F=0 and F=1. Header and-Data information shall be asserted on D<15.
heck is generated andichecked over D<31..0> and appropriate Data Ch

0>. For Type 32
bck lines.

ge Types shall be as defined for the single Slave Write, single Slave Read, and multiple

s. Header Ward'B shall contain the address for the first Bus Interface reg
N the sequence and an unsigned binary word count specifying the numbe
red between the Master and Slave(s), except that a word count of all zerg
h datatransfer after the first data transfer shall access a successive regi
Hressshall be incremented modulo 256 after each data word transfer.

ister to be

I of data words to
s shall mean 256
ster address. The

Data word formats are as defined in 4.3.7. The number of data words transferred shall equal the value
in Header Word B.

If a write is attempted and within the register set to be written there are reserved or write protected
registers, the message sequence shall continue and the nonwrite protected and nonreserved
registers in the register set to be written shall be modified by the write, with the appropriate error being
reported in the Data Acknowledge word at completion of the message. In this case, in addition to the
data associated with the nonreserved or nonwrite protected registers to be written, there shall be a
Data word placed on the bus for each Reserved or write protected register included in the set, even
though these data shall be discarded by the Slave.

NOTE: To avoid error conditions being reported on the bus, a Bus Interface Message should not
attempt to write to a reserved or write-protected register. Multiple Bus Interface Messages
should be used to avoid this problem.
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4.3.4.4 (Continued):

AT codes 001-011 and 101-111 shall be illegal Bus Interface AT codes. If a Slave receives an AT
code 101-110 for a Bus Interface, it shall respond Resource Not Present. AT codes 001-011 and 111
shall be a Reserved Bus Interface AT code. A Slave shall respond with a Command and Error if a Bus
Interface Message with AT code of 001-011 or 111 is received.

4.3.4.4.1 Data Link Layer Registers: Access Type code 000 is defined for the Data Link register address
space. The header words for a Bus Interface Message for Data Link Layer register access are
shown in Figure 20. When a Slave receives a Bus Interface Message with AT code = 000, it causes

the Slavd's Pi-Bus Data Link registers to be accessed as defined above. The Datd

registersfare defined in 4.3.7.3.

MSB : LSB
1514 13121110 9 8 7 6 S 4 3 2 1 O
| MSG TYPE | F| SLAVE ID | “HWA
OA[; 01 I |
: |
IREGISTER ADDRESS ! WORD CQUNT | HWB

$o————

FIGURE 20 - Bus Interface Message ~:Data Link Register

4.3.4.4.2 System [imer: BIUs shall implement a 48-bit timer register with a 1 MHz clock. ]
for a Bug Interface Message for System [Timer access are shown in Figure 21. W
receives|a Bus Interface Message with-AT code = 100, Register Address = 0, ang
it shall cquse data to be transferred.directly between the system timer registers o

L Link Layer

he header words
hen a Slave
Word Count = 3,
the Master and

Slave(s)
MSB LSB
151413122210 9 8 7 6 5 4 3 2 1 0
| A I /MSG TYPE | FI SLAVE 1ID | HWA
I 1 0l | |
| 1 |
i REGISTER ADDRESS | WORD COUNT | HWB
|

0 0 0 0 0 00 00 0 0 0 0 0 1 1}

-+

FIGURE 21 - Bus Interface Message - System Timer
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4.3.4.5 Datagram Message - Short Header Sequence: The Datagram - Short Header (SH) message
sequence shall be used to transfer data from the Master device to multiple Slave devices. There shall
be no Header Acknowledge states during this message. The use of Data Acknowledge shall be
selectable using the Access Type.

Datagram Messages support a label addressing access mode. Header Word CO shall contain a 16-bit
label which is used by the module’s BIU to determine the module’s requirement to participate in the
message sequence as a Slave and to determine the address of the buffer in the module to be used
during the message transaction. HWC1 shall contain the initial label offset + the number of datum
transferred (for resume operations).

Header wofd formats for the Datagram - Short Header sequence shall be as shown|in Figure 22.
Header Wqrd A shall specify the participating Slave(s), Type 16 ED or 32 EG.Format, Access and
Message Tlypes. Bit 15 shall indicate whether the Datagram Message has.a-bata A¢knowledge cycle
(bit 15 = 1)lor completes with the last data cycle (Dn) with no Data Acknowledge (bif 15 = 0). Bit 13
indicates whether the message is being used to resume a previously suspended Ddtagram Message
(bit 13 = 1) or send a new message (bit 13 = 0). 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), ekcept that all zeros shall represent 65 536 datum units. The datum count|shall be the
number of [L6-bit transfers or the number of double words _for-32-bit transfers. Head¢r Word CO and
C1 shall cgntain 32 bits of virtual addressing informationfe be passed to the Slave device.
HEADER WORD A (HWA)
R ma R e +
| AT | MSG TYPE | F | SLAVE ID |
it Fmmmmmmm e R et L PR, +
115114)13112412410) 9 | 8 1?71 6 | 51 4 1 3 12111 0]
i S fom——— e & e E L L e L R +
HEADER WORD B (HWB)
+ - ——— e sceme e e ————— e +
115114)131121220101 9 | 8 § 7 1 6 1 S | 41 3 1 2111 011
e e T T PR, +
MSB < Datum Count --=-=>LSB
HEADER "WORD CO (HWCO)
$mm————— e ccmcce e e e e e —————— +
115/149131121111201 9 1 8 } 7+t 6 | 51 41 3] 2111} 01
e e ettt tatatatng +
15 <====- -—— == LABEL —-=———=meceecmcccmcceee > 0
HEADER WORD Cl (HWC1)
+ - e er e c e ——————— +
1151141131121111101 9 |1 8 | 7 | 6 1| 51 4 | 31 2111 0|
+== e i +
31 <==-mmmmee NUMBER OF DATUM TRANSFERRED ==-===c----- > 16

FIGURE 22 - Datagram Message - Short Header Word Formats
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4.3.4.5 (Continued):

For Datagram Messages with a Data Acknowledge the Data Acknowledge Word shall supply current
message status information to the Master from the Slave.

Data word formats are application specific. The number of words or double words transferred for each
Datagram Message - Short Header sequence shall be equal to the value in Header Word B. For the
Type 32 EC 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.

Except for the Message Type in HWA and the extended header words DO-D5_for Datagram
Messages with extended headers, the interpretation of the message heade¥s (i.e., HWA, HWB,
HWCO, ang HWC1) are identical for both short and extended headers.

AT codes (10, 011, 110, and 111 shall be illegal Datagram Message AT codes. If a $lave receives an
AT code 010, 011, 110, and 111 for a Datagram Message, It shall fespond in accorflance with the
Error Tablgs.

4.3.4.5.1 Non-Ackhowledged: The header words for DatagramMessages - Short Header|with
Non-Acknowledged are shown in Figure 23.

MsB LSB
‘L15 1|4 13121110 9 8 7 65 4 3 2 1 0;
I HT | MSG TYPE | Fi SLAVE ID ; HWA
T INITIAL COUNT OR' COUNT REMAINING ** T HWB
T LABEL I HWCO
i +

INITIAL OFFSET-OR INIT OFFSET + # DATUM XFER **| HWC1l

b

*% P resume message headers, HWB is the number of
um-remaining to be transferred and HWCl is
initial data offset + number of datum transferred.

FIGURE 23 - Datagram Message - Short Header (Non-Acknowledged)

At codes of 000 and 001 designate Non-Acknowledged with the Datagram Message. When a
message with Non-Acknowledged is initially transferred to a Slave, the AT code shall be 000. When
a suspended message is resumed, the AT code shall be 001. The initial offset in HWCL is added to
the memory location designated by the label to designate the first location in memory where the
message is to be transferred. For example, an initial offset of zero designates that the message will
be transferred starting at the location designated by the label.
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4.3.45.1 (Continued):

The Datagram (Non-Acknowledged) - Short Header (SH) sequence of bus states shall be as
defined in the following tables:

a. Type 16 ED Multiple Slave: Table 34
b. Type 32 EC Multiple Slave: Table 35

TABLE 34 - Datagram Message (Non-Acknowledged) - SH Sequence Type 16 ED Multiple Slave

Bus Bus Bus Bus Bus Bus Bu Bus
State State State State State State Staje State
Signal lines HO H1 H2 H3 HZ DO il Dn
DATA
D<31..16> 0 0 0 0 0 0 0
D<15..0> HWA HWB HWCO0 HWC1 0 DO S Dn
Source = M M M M M M M
CYCLE TYPE HO H H H D S D
Source = M
Acknowledge NS NS RCG RCG RCG RCG N RCG
Source = S S S S S S
WAIT 0 0 0 0 0 0 0
Allowed NO NO YES YES YES YES YBS YES
TABLE 35 - Datagram Message’(Non-Acknowledged) - SH Sequence Type 32 EC MUltiple Slave
Bus Bus Bus Bus Bus Bus
State State State State State State
Signal lipes HO H1 HZ DO - Dn
DATA
D<31..16> HWB HWC1 0 DOH R DnH
D<15..0> HWA HWCO 0 DOL R DnL
Source = M M M M M
CYCLE TYPE HO H H D Dl D
Source = M
Acknowledge NS NS RCG RCG - RCG
Source = S S S S
WAIT 0 0 0 0 Dl 0
Allowed NO NO YES YES YES YES
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4.3.4.5.2 Acknowledged: The header words for Datagram Messages - Short Headers with Data
Acknowledge are shown in Figure 24.

MSB LSB
1514 13121210 9 8 7 6 5 4 3 2 1 0

T o e i e D B B D W D D A D = e o o e +

l AT | MSG TYPE | F|I SLAVE ID | HWA
I INITIAL COUNT OR COUNT REMAINING ** | HWB
| LABEL | HWCO
+ - -

| INITIAL OFFSET OR INIT OFFSET + # DATUM XFER **| HWC1
+ - +

*
»
b |

i

pr resume message headers, HWB is the number (of

datum remaining to be transferred and HWCl is

nitial data offset + number of datum transferred.

FIGURE 24 - Acknowledged Datagram Message - Short Header

At codes
Message

bf 100 and 101 designate a Data Acknowledge’is to be transferred with t
When a message with an Acknowledge is*initially transferred to a Slave

ne Datagram
the AT code shall

be 100. When a suspended message is resumed, the AT code shall be 101. The inftial offset in HWC1
is added fo the memory location designated byithe label to designate the first location in memory
where thg message is to be transferred. Forcexample, an initial offset of zero designates that the
message |[will be transferred starting at the location designated by the label.
The Acknpwledged Datagram - Short Header (SH) sequence of bus states shall b¢ as defined in the
following fables:
a. Type|l6 ED Multiple Stave: Table 36
b. Type[32 EC MultipletSlave: Table 37
TABLE 36 - Acknowledged Datagram Message - SH Sequence Type 16 ED Multiple Ylave
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State Statg State
Signal Lines HO H1 H2 H3 HZ DO i Dn Dz DAO
DATA
D<31..16> 0 0 0 0 0 0 o 0 0 0
D<15..0> HWA HWB  HWCO HWC1 0 DO D Dn 0 AWMO
Source = M M M M M M M S
CYCLE TYPE HO H H H D D D A
Source =M
Acknowledge NS NS RCG RCG RCG RCG ::: RCG RCG  ACK
Source = S S S S S S S S
WAIT 0 0 0 0 0 0 S 0 0 0
Allowed NO NO YES YES YES YES YES YES YES  YES
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TABLE 37 - Acknowledged Datagram Message - SH Sequence Type 32 EC Multiple Slave

Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State
Signal lines HO H1 HZ DO S Dn Dz DAO
DATA
D<31..16> HWB HWC1 0 DOH DnH 0
D<15..0> HWA HWCO 0 DOL DnL AWMO
Source ¥ M M M M M S
CYCLE [TYPE HO H H D D D A
Source ¥ M
Acknowledge NS NS RCG RCG RCG RCG ACK]
Source ¥ S S S S S S
WAIT 0 0 0 0 0] 0 0
Allowed NO NO YES YES YES YES YES YES

4.3.4.6 Datagram Message - Extended Header Message Sequence:

mode.

The Datagram - Exts
message sequence shall be used to transfer data-from the Master device to multipl
There shal| be no Header Acknowledge states'during this message. The use of Dat
shall be selectable using the Access Type.Datagram Messages support a label addressing access

Header wofd formats for the Datagram Message - Extended Header sequence shal
Figure 25. Header Word A shathspecify the participating Slave(s), type 16 ED or 32
Access an@l Message Types. Bit 15 shall indicate whether the Datagram Message H
Acknowledge cycle (bit 15\=-1) or completes with the last data cycle with no Data A
(bit 15 = 0)] Bit 13 indicates whether the message is being used to resume a previo
Datagram Message (bit 13 = 1) or send a new message (bit 13 = 0). Header Word H
unsigned binary datum count which specifies the number of datum units to be transfe

Master and Slave(s), except that all zeros shall represent 65 536 datum units. The

ended Header
b Slave devices.
n Acknowledge

be as shown in
EC Format,

as a Data
cknowledge
isly suspended
B shall contain an
rred between the

cratum count shall

be the nunjbenof 16-bit transfers or the number of double words for 32-bit transfers| Header Words

CO0 and C1 shall contain 32 bits of virtual addressing information to be passed to the Slave device.

For Datagram Messages with a Data Acknowledge, the Data Acknowledge Word shall supply current
message status information to the Master from the Slave.

Data word formats are application specific. The number of words or double words transferred for each
Datagram Message - Extended Header sequence shall be equal to the value in Header Word B. For
the Type 32 EC 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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4.3.4.6 (Continued):

Except for the Message Type in HWA and the EH words D0-D5 for Datagram Messages with
extended headers, the interpretation of the message headers (i.e., HWA, HWB, HWCO, and HWC1)
are identical for both short and extended headers.

AT codes 010, 011, 110, and 111 shall be illegal Datagram Message AT codes. If a Slave receives an
AT code 010, 011, 110, and 111 for a Datagram Message, it shall respond in accordance with the
Error Tables.

HEADER WORD A (HWA)

AT | MSG TYPE SLAVE ID

-

716151 4131211,7°

=+ =4
+— + -
+ =%~ +

+— 4 =
@®

15i141231121124101 9

-*

HEADER WORD B (HWB)

e

115114113§121111104 9 | 8 | 7 |1 6 | S | 443 } 2 |1 11 0

MSB < Datum Count >LS

HEADER| WORD CO0 (HWCO)

<

11S§14(131121111101 91 8 | 276 1 S 1 44 3 1 21110

o+—+

15 < LABEL >

HEADER WORD Cl (HWC1) -

e <
-*

1151141131121121200°9 1 8 1 7 |1 6 1 51 41 31 21110

—t

31 <===fe——ces NUMBER OF DATUM TRANSFERRED ——===—======> 1§

HEADER| WORD DO (HWDO)

115)141131121114201 9 t 8 1 7 | 6 1| 51 41 3 1 2 (1121} 0!
MSB LsB
* ® ®
L 4 = »

* n ]

HEADER WORD DS (HWDS)

<+

1151141134129114104 9 + 8 1 7 1 6 I S | 41 3 1 21110

+

MSB LS
FIGURE 25 - Datagram Message - Extended Header Word Formats

o+ -+
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4.3.4.6.1 Non-Acknowledged: The header words for Datagram Messages - Extended Headers with

Non-Acknowledged are shown in Figure 26.

MSB LSB
151413121110 9 8 7 6 5 4 3 2 1 0
pommcmm s e e ce e c e e ————— ———————— +

| AT | MSG TYPE | F| SLAVE ID | HWA
e e —_— - +

] INITIAL COUNT OR COUNT REMAINING ** | HWB
R s T S O —— ——

| LABEL HWCO—
+-i ------ S -——- -——

| INITIAL OFFSET OR INIT OFFSET + # DATUM XFER **| HWC1
I Rttt J

| EXTENDED HEADER DO | VHWDO
| | { HWD1
| | | HWD2
| | | HWD3
! v | HWD4
| EXTENDED HEADER DS | HWDS
N +

»
*

For resume message headers, HWB ‘is the
number of datum remaining to be&'transferred
and HWC1 is initial data offset + number of
datum transferred.

FIGURE 26 - Datagram Message.-CExtended Header (Non-Acknowledged)

At codes|of 000 and 001 designate Non-Acknowledged with the Datagram Messa
message| with Non-Acknowledged is initially transferred to a Slave, the AT code sh
a suspended messagetisiresumed, the AT code shall be 001. The initial offset in K
the memgpry locationdesignated by the label to designate the first location in mem
message] is to be transferred. For example, an initial offset of zero designates that
be transferred<starting at the location designated by the label.

pe. When a

all be 000. When
WCL1 is added to
ory where the
the message will

The Datagra-(Ne s
in the following tables:

a. Type 16 ED Multiple Slave: Table 38
b. Type 32 EC Multiple Slave: Table 39

hall be as defined
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TABLE 38 - Datagram Message (Non-Acknowledged) - EH Sequence Type 16 ED Multiple Slave

Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus

State State State State State State State State  State  State  State
Signal Lines HO H1 H2 H3 H4 Tl H9 HZ DO Tl Dn
DATA
D<31..16> 0 0 0 0 0 M 0 0 0 i 0
D<15..0> HWA HWB HWCO HWC1 HWDO :::: HWD5 0 DO R Dn
Source = M M M M M M M M M M
CYCLE TYPE HO H H H H H H D il D
Source =M
Acknowledge NS NS RCG RCG RCG HE RCG RCG RCG - RCG
Source = S S S S S S S S S
WAIT 0 0 0 0 0 0 0 0 N 0
Allowed NO NO YES YES YES YES YES YES YES YES YES

TABLE 39 - Datagram Message (Non-Acknowledged) - EH Sequence

Bus Bus Bus Bus Bus Bus Bus Bus Bus

State State State State State State State State State
Signal Lipes HO H1 H2 H3 H4 HZ DO e Dn
DATA
D<31..16> HWB HWC1 HWD1 HWD3 HWD5 0 0 Tl 0
D<15..03 HWA HWCO HWDO HWD2 HWD4 0 DO M Dn
Source 7 M M M M M M M M
CYCLE TYPE HO H H H H D Lol D
Source 3 M
Acknowlgdge NS NS RCG RCG RCG RCG RCG HE RCG
Source 7 S S S S S S S
WAIT 0 0 0 0 0 0 0 R 0
Allowed NO NO YES YES YES YES YES YES YES

4.3.4.6.2 Acknowledged: The header words for Datagram Messages - Extended Headers with Data
Acknowledge are shown in Figure 27.

AT codes of 100 and 101 designate a Data Acknowledge is to be transferred with the Datagram
Message. When a message with an Acknowledge is initially transferred to a Slave, the AT code
shall be 100. When a suspended message is resumed, the AT code shall be 101. The initial offset in
HW(C1 is added to the memory location designated by the label to designate the first location in
memory where the message is to be transferred. For example, an initial offset of zero designates
that the message will be transferred starting at the location designated by the label.
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MSB LSB
151413121110 9 8 7 6 5 4 3 2 1 0
B el i e e T +
| AT | MSG TYPE | F| SLAVE ID | HWA
e - -+
I INITIAL COUNT OR COUNT REMAINING ** | HWB
+ e +
| LABEL | HWCO
- e e e e e e +
] INITIAL OFFSET OR INIT OFFSET + # DATUM XFER **{ HWC1l
—— - - - -
EXTENDED HEADER DO [ ARDO]
| | HWDY
| | "HWD2
| | VHWD3
v |~ HWD4
EXTENDED HEADER D5 | HWDS
f o o 22 0 e 2 o e +

4.3.4.6.2 (Continugd):

f* For resume message headers, HWB is the
number of datum remaining to be transferred
and HWC1 is initial data offset + number of
datum transferred.

The Ackrnowledged Datagram - Extended Header (EH) sequence of bus states shall be as defined
in the follpwing tables:
a. Typel16 ED Multiple Slave:” Table 40
b. Type 32 EC Multiple Slave: Table 41
TABLE 40 - Acknewledged Datagram Message - EH Sequence Type 16 ED Multiple Slave
TABLE 40A - Bus State HO to Bus State Dn
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State  State  State  State
Signal lines HO H1 H2 H3 H4 H9 HZ DO : Dn
DATA
D<31..16> 0 0 0 0 0 0 0 0 0
D<15..0> HWA HWB HWCO HWC1 HWDO HWD5 0 DO Dn
Source = M M M M M M M M M M
CYCLE TYPE HO H H H H H H D D
Source = M
Acknowledge NS NS RCG RCG RCG RCG RCG RCG RCG
Source = S S S S S S S S S
WAIT 0 0 0 0 0 nn 0 0 0 nn 0
Allowed NO NO YES YES YES YES YES YES YES YES YES
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TABLE 40B - Bus State Dz to Bus State DAO

Bus Bus
State State
Signal Lines Dz DAO
DATA
D<31..16> 0 0
D<15..0> 0 AWMO
Source = S
CYCLE TYPE D A
Source = M
Acknowledge RCG ACK
Source (7..0) = S S
Source (15..8) = S S
Source (23..16) = S S
Source (31..24) = S S
WAIT 0 0
Allowed YES YES
TABLE 41 - Acknowledged Datagram Message - EH Sequenee ' Type 32 EC Multipje Slave
TABLE 41A - Bus State HO to Bus™State Dn
Bus Bus Bus Bus Bus Bus Bus Bps Bus
State State State State State State State State State
Signal Lineg HO H1 H2 H3 H4 HZ DO N Dn
DATA
D<31..16> HWB HWC1 HWD1 HWD3 HWD5 0 0 0
D<15..0> HWA  HWCO HWDQO HWD2 HWD4 0 DO Dn
Source = M M M M M M N M
CYCLE TYHE HO H H H H D D
Source =M
Acknowledgpe NS NS RCG RCG RCG RCG RCG RCG
Source = S S S S S g S
WAIT (0] 0 0 0 0 0 0 Y 0
Allowed NO NO YES YES YES YES YES YES YES

TABLE 41B - Bus State Dz to Bus State DAO

Bus Bus
State State
Signal Lines Dz DAO

DATA
D<31..16> 0 0
D<15..0> 0 AWMO
Source = S
CYCLE TYPE D A
Source =M
Acknowledge RCG ACK
Source (7..0) = S S
Source (15..8) = S S
Source (23..16) = S S
Source (31..24) = S S
WAIT 0 0
Allowed YES YES
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4.3.5.1 Suspend:

4.3.5 Exception Sequences:

BIUs shall be capable of supporting suspends as either a Master or Sla

ve. Modules may

elect to specify messages as not suspendable as either a Master or Slave. A Suspend sequence shall
not be started prior to expiration of Timer A. If a module supports suspends, a Suspend sequence

shall be initiated for Block Messages if:

a.
b.
c.

The corresponding Header Acknowledge Word has an S of zero
For single Slave messages, an AWT of 01 or 10
The message data remaining to be asserted on the bus is greater than or equal

to 8 data transfer

cycles
or for Datagram Messages if:

a. Them
cycles)

bssage data remaining to be asserted on the bus is greater tharnor equal

NOTE:

tlis optional to initiate a Suspend sequence if it is legal’and there are betw
transfer cycles remaining to be asserted on the bus.

After completing the Suspend sequence, the current bus:Master shall release the b
Idle state. If Timer B expires, the message shall be aborted and at the end of the Ab
Master shdll immediately release the bus to the Idle state.

The followi
other than
sequence |
Master shg
Master sh

hg applies to all but a Non-Acknowledged Datagram Message. If there h
A correctable line error, during-any part of the message sequence and if
5 attempted, or if an uncorrectable line error occurs during the Suspend
Il complete the Suspend.sequence to obtain the Data Acknowledge Wor
Il Abort the message.. The message shall not be resumed.

A Non-Ackhowledged Datagram Message with errors shall be allowed to be suspeng
However, dany Slave detecting an error shall report the error to its device and shall n
nonsuspended in accardance with the Error Tables.

to 8 data transfer

een 3 and 7 data

IS to initiate the
Drt sequence, the

hs been an error,
h Suspend
bequence, the

s and then the

ed and resumed.
nark its label as

The Suspehd sequence may be used in conjunction with the Vie Interval A and Vie

NOTE: Since suspends are time-consuming, a good systems philosophy is to min
them.

Interval B
essage sizes by
b later time.

imize the use of
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4.3.5.1.1 Single Slave Suspend: The Suspend sequence of bus states for single Slave Block Messages

shall be

oo

Type 16 ED Single Slave, Short Data:
Type 32 EC Single Slave, Short Data:
Type 16 ED Single Slave, Extended Data:
Type 32 EC Single Slave, Extended Data:

as defined in the following tables:

Table 42
Table 43
Table 44
Table 45

The Short Data sequence shall be used if the AWT field of the single Slave Acknowledge Word from

the suspgnded message was 01. The Extended Data sequence shall be used if-th

10.
In terms ¢f the data transfer operation, the S cycles of these sequences shall be ¢
Data cycles and all Bus Interfaces shall respond accordingly. The Slave‘shall pos

last of thg three S cycles to indicate that the Suspend sequence has'been recogn

Beginnin
implemenmntation/device specific Resume Control Word (as defined below) that the |

for later

Control Vi
The Resyime Control Words shall be followed by a Data Acknowledge Word.

For Bloch

headers

a.
shal

to be
previ
address to be used. RCWO shall contain the least significant 16-bits of the ad

shal

Shor

Extended Header - Extended Resume:
(8 wd
RCW

j on the fourth cycle of the Suspend sequence, the Slave shall transmit t|

yse in resuming the message. The Suspend - Shert Data sequences tran

ords and the Suspend - Extended Data sequences transfer eight Resun

Messages this specification allows the following combinations of short g
ith short and extended resume séquences:

Header - Short Resume: ~RCWO0 and RCW1 shall be supplied by the S
llsave the two RC words received from Slave. For label addressing RCW
the label, and RCW1 shall be defined to be the sum of offset and numbsq
pbusly transferred. Fordirect addressing the RC words shall be defined to

[lcontain the mest significant 16-bits.

rds).{Phe Master shall save the eight RC words received from Slave. For
0] shaII be deflned to be the Iabel RCWl shall be defined to be the sum

e AWT field was

bnsidered normal
ACK during the
zed.

D the bus Master
Master shall store
sfer two Resume
e Control Words.

nd extended

lave. The Master
shall be defined
r of datum

be the next 32-bit

jress and RCW1

RCWO0-RCW?7 shall be supplied by the Slave

label addressing
pf offset and

D be the same as

HWDO- HWD5 in the onglnal header For dlrect addressmg RCWO and RCWl shall be defined
to be the next 32-bit address to be used. RCWO0 shall contain the least significant 16-bits of the
address and RCW1 shall contain the most significant 16-bits. RCW2-RCW?7 shall be defined to
be the same as HWDO-HWDS5 in the original header.

Extended Header - Short Resume shall be treated as a nonsuspendable message.

Short Header - Extended Resume shall be treated as a honsuspendable message.
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TABLE 42 - Suspend - Short Data Sequence - Type 16 ED Single Slave

Bus Bus Bus Bus Bus Bus Bus
State State State State State State State
Signal Lines Di Di-1 Di-2 RDO RD1 Dz DAO
DATA
0 0 0 0 0 0
B:ié"é? Di Di-1 Di-2 RCDO RCD1 0 AWS
Source = S S S
Read Source|= S S S
Write Source|= M M M
CYCLE TYPHE 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 =
TABLE 43 - Suspend - Shaft Data Sequence - Type 32 EC Single Slave
Bus Bus Bus Bus Bus Bus
State State State State State State
Signal Lipes Di Di-1 Di-2 RDO Dz DAO
DATA
D<31..16p> DiH Di-1H Di-2H RCD1 0 0
D<15..0> DiL Di-1L 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 44 - Suspend - Extended Data Sequence - Type 16 ED Single Slave

Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State  State
Signal Lines Di Di+1 Di+2 RDO RD1 M RD7 Dz DAO
DATA
D<31..16> 0 0 0 0 0 0 0 0
D<15..0> Bi D+t P2 REDO—REDtT—— RDET—90 AWS
Source = S S S S S
Read Source = S S S
Write Sourcq = M M M
CYCLE TYPE S S S D D D O A
Source = M
Acknowledg¢ RCG RCG ACK RCG RCG - ! RCG RCG ACK
Source = S S S S S S S S S
WAIT 0 0 0 0 0 R 0 0 0
Allowed YES YES YES YES YES YES YES YES YES
Source =
TABLE 45 - Suspend - Extended Data Sequence - Type 32 EC Single Slave¢
Bus Bus Bus Bus Bus Bus Bus Bus Bus
State_ \State State State State State State State State
Signal Lings Di Di+1 Di+2 RDO RD1 RD2 RD3 D¥ DAO
DATA
D<31..16> DiH Di+1H Di+2H RCD1 RCD3 RCD5 RCD7 0 0
D<15..0> DiL Di+1L Di+2L RCDO RCD2 RCD4 RCD6 0 AWS
Source = S S S S S
Read Source = S S S
Write Source = M M M
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 S S 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
Source =
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4.3.5.1.2 Multiple Slave Suspend: The Suspend sequence of bus states for multiple Slave Block Messages

and Datagram Messages shall be as defined in the following tables:

a. Type 16 ED Block Message Multiple Slave: Table 46

b. Type 32 EC Block Message Multiple Slave: Table 47

c. Type 16 ED Non-Acknowledged Datagram Multiple Slave: Table 48
d. Type 32 EC Non-Acknowledged Datagram Multiple Slave: Table 49
e. Type 16 ED Acknowledged Datagram Multiple Slave: Table 50

f.  Type 32 EC Acknowledged Datagram Multiple Slave: Table 51

In terms of the data transfer operation, the S cycles of these sequences respond g@ccordingly. The

Slaves shall post ACK during the last of the three S cycles to indicate that thelSus
has beenr recognized. For Block Messages and Acknowledged Datagram Messag
and a myltiple Slave Data Acknowledge sequence shall follow the third Sccycle. F
Non-Acknowledged Datagram Messages, a Suspend sequence endsfwith the last

cycles.

For Bloch
of short g

Messages and Datagram Messages, this specification‘allows the follow
nd extended headers with short and extended resume sequences:

Shor
shall
the s
shall

a. Header - Short Resume: The equivalent of REWO0 and RCW1 for single
be supplied by the Master. For label addressing RC words shall be defing
im of offset and number of datum previously transferred. For direct addr

be defined to be the next 32-bit address to be used.

Extended Header - Extended Resume: RCWO0-RCW?7 shall be supplied by the
addressing RCWO shall be defined-to be the label; RCW1 shall be defined to
offsef and number of datum previously transferred; and RCW2-RCW?7 shall be|
samg as HWDO-HWDS5 in the. original header. For direct addressing RCWO an
defingd to be the next 32-hit address to be used and RCW2 RCW?7 shall be d
samg as HWDO-HWDG in the original header.

Extended Header="Short Resume: This is not possible for multiple Slave sincg
returned by the-Slaves.

Shorf Header - Extended Resume: This is not possible for multiple Slave sincg

pend sequence
es, a DZ cycle
DI

of the three S

ng combinations

Slave Suspend
bd to be label and
bssing RC words

Master. For label
e the sum of
defined to be the
d RCW1 shall be
bfined to be the

e no AWT code is

e no AWT code is

returned‘by the Slaves
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TABLE 46 - Suspend - Type 16 ED Block Message Multiple Slave

Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State State State
Signal Lines Di Di+1  Di+2 Dz DAO DAl DA2 DA3 DA4
DATA
D<31..16> 0 0 0 0 0 0 0 0 0
D<15..0> Di Di+1 Di+2 O AWMO AWM1 AWM2 AWM3 AwWM4
Source = M M M S S S S S
CYCLE TYPE S S S D A A A A A
Source = M
Acknowledge RCG RCG ACK RCG ACK ACK ACK ALK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = S S S S S S
Source (15..8) 5 S S S S S S
Source (23..16)F S S S S S S
Source (31..24)F S S S S S S
WAIT 0 0 0 0 0 0 0 0 0
Allowed YES YES YES YES YES YES YES YE YES
TABLE 47 - Suspend - Type 32 EC Block Message Multiple Slave
Bus Bus Bus Bus Bus Bus Bus Bus Bus
State State State State State State State $tate State
Signal Lines Di Di¥t Di+2 Dz DAO DAl DA2 DA3 DA4
DATA
D<31..16> DiH Di+1H Di+2H 0 0 0 0 0 0
D<15..0> Dik Di+1L Di+2L 0 AWMO AWM1 AWM?2 AWM3 AWM4
Source = M M M S S S S S
CYCLE TYPE S S S D A A A A A
Source = M
Acknowledge RCG RCG ACK RCG ACK ACK ACK ACK ACK
(NS) (NS) (NS) (NS)
Source (7..0) = 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
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TABLE 48 - Suspend - Type 16 ED Non-Acknowledged Datagram Multiple Slave

TAB

Bus Bus Bus
State State State
Signal Lines Di Di+1 Di+2

DATA
D<31..16> 0 0 0
D<t5-6> Di D+t Dr+2
Source = M M M
CYCLE TYPE S S S
Source =M
Acknowledge RCG RCG ACK
Source (7..0) = S S S
Source (15..8) = S S S
Source (23..16) = S S S
Source (31..24) = S S S
WAIT 0 0 0
Allowed YES YES YES

| E 49 - Suspend - Type 32-EC Non-Acknowledge Datagram Multiple Slave

Bus Bus Bus
State State State
Signal Lines Di Di+1 Di+2

DATA
D<31..16> DiH Di+1H Di+2H
D<15..0> DiL Di+1L Di+2L
Source = M ™ ™
CYCLE TYPE S S S
Source =M
Acknowledge RCG RCG ACK
Source (7..0) = S S S
Source (15..8) = S S S
Source (23..16) = S S S
Source (31..24) = S S S
WAIT 0 0 0
Allowed YES YES YES
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TABLE 50 - Suspend - Type 16 ED Acknowledged Datagram Multiple Slave

TA

Bus Bus Bus Bus Bus
State State State State State
Signal Lines Di Di+1 Di+2 Dz DAO

DATA
D<31..16> 0 0 0 0 0
D<15..0> Di Di+1 Di+2 0 AWMO
Source = M M M S
CYCLE TYPE S S S D A
Source =M
Acknowledge RCG RCG ACK RCG™ ACK
Source (7..0) = 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
Allowed YES YES YES YES YES

BLE 51 - Suspend - Type 832'EC Acknowledged Datagram Multiple Slave

Bus Bus Bus Bus Bus
State State State State State
SignalLines Di Di+1 Di+2 DZ DAO

DATA
Dx31..16> DiH Di+1H Di+2H 0 0
D<15..0> DiL Di+1L Di+2L 0 AWM(Q
Source = M M M S
CYCLE TYPE S S S D A
Source =M
Acknowledge RCG RCG ACK RCG ACK
Source (7..0) = 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
Allowed YES YES YES YES YES
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4.3.5.1.3 Resuming Suspended Messages: A Master shall resume a suspended Block Message or

suspended Datagram Message by transmitting the remaining data to the Slave(s)
HWA AT field set to 1. The Resume Control Words that the Slave(s) require to resu
shall be sent to the Slave(s) during the appropriate header cycles as described in

with bit 13 of the
me that message
4.3.4.2,4.3.4.3,

4.3.4.5, and 4.3.4.6. For a single Slave message and a multiple Slave message, the Resume

Control Words shall be as defined in 4.3.5.1.1 and 4.3.5.1.2.

A Block Message - Short Header shall be used to resume a suspended single Slav
which had an AWT field of 01 (two Resume Control Words) and a Block

e Block Message

Message - Extended Header shall be used to resume a suspended single Slave Block Message

which hafl an AWT field of 10 (eight Resume Control Words). The type of Block
Datagram Message used to resume a multiple Slave message shall be determine
4.3.5.1.2

essage or
0 as defined in

If a BIU Naster is to be suspended due to a Bus Request being asserted; then afte¢r the BIU Master

completels a Suspend sequence, the BIU shall go to Idle. When a,message, which
is to be resumed, the BIU shall revie for the bus.

was suspended,

4.3.5.1.4 Using Syspend With Vie Intervals A and B: The Pi-Bus Vielnterval A and Vie Interval B Registers

shall be ysed as defined in 4.3.5.1.

4.3.5.2 Abort: THe Abort sequence may be used to terminatea message prior to complet
or other regasons. No Header or Acknowledge words*are required for the Abort seqy
may initiate the Abort sequence at any time during its tenure.

The Abort $equence shall be as shown in Table 52. The first three of the four bus cyg
Cycle Typgq are used to give the Slave-time to recognize that an Abort has occurred
present dufing cycle AB2, a not selected shall be present. For modules which have
Slaves (se¢ 4.2.3.1.1.1), the Slave.(or Slaves in the case of multicast or broadcast)
posting ACK on the AS lines during the third AB cycle to inform the Master that an A
recognized. There are no Slaves on the fourth AB cycle and the Master is the only 1
assert Waif on that cycle After the last AB cycle, the Master may continue with the
message gr relinquishieontrol of the bus by releasing the bus signal lines.

on due to errors
ence. A Master

les with the Abort
If no Slaves are
hot ceased being
shall respond by
bort has been
nodule that may
HO of another
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4.3.6 Wait: A M4
accommoda
Slaves may
non-transfer

4.3.6.1 Rules for Asserting Wait=:* A Bus Interface may assert Wait on one or more cycles

following r¢

a. Waitm
Master

TABLE 52 - Abort Sequence

Bus Bus Bus Bus
State State State State
Signal lines ABO AB1 AB2 AB3
DATA
D<31..16> x3 X 0 0
D<15..0> X X 0 0
Source = MorS MorS
CYCLE TYPE AB AB AB AB
Source = M
Acknowledge X X ACK NS
Source = X X S
WAIT 0/1 0/1 0 0/1
Allowed a1 a NO b2
Source = a a b

1

3 x - not defined

a - Wait assertion allowed, but notthonored
2 b - Master Wait allowed, no Slaves exist

cycle into a sequence on the following cycle.

strictions;

ay normally be asserted by a Bus Interface only if that module is schedu
or.Slave on the next transfer cycle. However, the current bus Master may

ha nlacad n tha ldla ctatn followvanna thn \AJat indiand nan trancfar oyval

ster or Slave may assert Wait'to control the data transfer rate on the Pi-Bus and thereby
e slow or temporarily busy devices. During a multiple Slave sequence, o
hssert Wait. Each cyele;on which Wait is asserted shall cause the inserti

he or more of the
bn of a

Subject to the

ed to be a bus
assert Wait if the

bus wi

TP e O T Tt e o e StotC oo I gt vy ot T oo et oo ar torc Ty o

s) provided the

Vie Interval requirement is not violated. A Slave may assert Wait on the last Acknowledge cycle to
permit checking for a late Abort, updating the label table, or storing interrupt data.

b. A Bus Interface shall not assert Wait on HO or H1 cycles.

c. 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-1, the Bus
Interface shall assert Wait for an even number of contiguous cycles.
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4.3.6.2 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 scheduled bus states. However, if during the non-transfer 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.

4.3.6.2.1 Line Groups During Non-transfer Cycles:

line values shall be as specified below.

During non-transfer cycles produced by Wait, the signal

4.3.6.2.1.1
except
posted

The Dajta Line Group shall not be posted by any module other than the“module |

posted
value o

parity.
4.3.6.2.1.2 Cycle T
ignored
mark th
on the
cycle(s

4.3.6.2.1.3 AS Grd

next trgnsfer cycle, it shall post a yalid’symbol on the AS lines during the NT cyqd
an NAK shall be ignored during non-transfer cycles. NAK shall be posted on cycle N, to

other th
signal t

43.6.2.1.4
effects

assertifng Wait on.adransfer cycle.

4.3.6.2.1.5 Bus Re

specifie

Data life Group During Non-transfer Cycles:

Wait Limes During Non-transfer Cycles:

The value on the Data lines shal
for line error checking. During a non-transfer cycle any value with correct
on the Data line.

the Data lines had that cycle been the scheduled transfer cycle. If a mod
h the Data Line Group on such an NT cycle, the valueshall be a Data syj

'ype Group During Non-transfer Cycles: The value on the Cycle Type |

except for line error checking and the occutrence of Abort. An Abort Cy
e beginning of an Abort sequence. The Master module responsible for po
next scheduled transfer cycle shall souree a valid symbol on the CT lines
. A valid symbol on the CT lines is any'Cycle Type with correct parity.

up During Non-transfer Cycles:x~If a module is responsible for posting th

hat an error, other thanva correctable line error, associated with cycle N-3
The rules for asserting Wait are specifi

pf asserting Wait on a non-transfer cycle shall be the same as specified

quest’ines During Non-transfer Cycles: The rules for asserting Bus R¢
d,in\4:3.3.3. Bus Request is completely independent of Wait.

be ignored
parity may be

vhich would have
Lle asserts a
mbol with correct

nes shall be

le Type shall
5ting the CT lines
during the NT

e AS lines on the
le(s). A symbol
was detected.

pd in 4.3.6.1. The

herein for

pquest are

4.3.7 DataLink an

d System Time Facilities:

This section specifies the Data Link and system Time facilities

which shall be accessible over the Pi-bus via the Bus Interface Message described in 4.3.4.4. A Master
and Slave shall implement all Data Link facilities as specified in this specification.
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4.3.7.1 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 consecutive
addresses. This register space shall be allocated as shown in Table 53. 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=000).

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

TABLE 53 - Data link Address Space

Address

Register

255

33

32

O R, W » 01 O

Logical Slave
Identification
Registers

(33 - 255)

Reserved Registers
(6 -32)

ViePriority Register

Vie Interval B Register

Vie Interval A Register
Module Capabilities Register
Control Register

Reserved Register

4.3.7.2 Register Pfotection: Write access to the Data link registers via the Bus Interface N
limited by Write\protection. Either permanent or programmable write protection shall

each register-as specified in the following sections. The current state of programma

lessage shall be
be provided for

ble write protect

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

nonprotect state. The BIU shall support programmable write protection.

4.3.7.3 Registers: Data received with an uncorrectable Data line error or Cycle Type sequence error shall
not be transferred to a Data link layer register.

4.3.7.3.1 Reserved Register - Address 0: The use of the Reserved Register shall be defined only by future
versions of this specification. Until then, this register shall not be implemented and shall cause a
'Resource Not Present’ error if an access is attempted.
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4.3.7.3.2 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 (BIT). The Data link Control Register -
address 1, shall be permanently write protected.

The following requirements shall apply to the Control Register:

Word format: Figure 28

Write protect: Permanent
State after reset: All zeroes
Reserved bits: Read as zeros

aoopw

+- -————
+

I 1%1 14113112111110] 91 8 | 71 61 S| 4| 31 21 11 0]

S o -—

RESERVED (2ER0S) I T

i

|

INITIATE BUILT-IN-TEST ]
0 = NO INITIATE ** |
1 = INITIATE |

!

BUS INTERFACE RESET
0 = NO RESET *
1 = RESET

* - Placed in 0 state at completion of reset.
** - Placed in 0 state at completion of built-in-test.

FIGURE 28 - Control Register Word Format

4.3.7.3.3 Module Capabilities Register - Address 2: The Module Capabilities Register shgll be a 4-bit

register that shall specify*the currently configured capabilities of the Bus Interface/Device
Combination.

The folloyving.requirements shall apply to the Module Capabilities register:

Wordformat: F;yun €29

Write protect: Permanent

State after reset: Appropriate capabilities code
Reserved bits: Read as zeros

aoop
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b

1S| 141131121111101 91 8 | 71 61 S| 41 31 21 1] 0O}

+—+

f==l===] ==
R T T
RESERVED (ZEROS) [
!

1 = TYPE 32 (32 OR 16-BIT TRANSFERS)

[ I

|

[

MODE 0 = Non-Mixed Mode [
1 = Mixed Mode [

[ I

I

FEATURE 0 = SLAVE ONLY | | I
1 = MASTER/SLAVE i | ]

I e

o |

CLASS 0 = ED (ERROR DETECT) | |
1 = EC (ERROR CORRECT) | |

[

|

TYPE 0 = TYPE 16 (16-BIT TRANSFERS) i
|

|

FIQURE 29 - Module Capabilities Register Word Format

4.3.7.3.4 Vie Inte
contain t
register {
return th

The follo

a. Wor

he unsigned binary Vie Intefval’A timeout value expressed in bus cycles.
hall remain unchanged untit'a new timeout value is loaded. Reading this
b |ast value written.

wing requirements shall apply to the Vie Interval A Register:

| format: _Figure 30

b. Writ¢ protect: \_Programmable

c. Stat¢ afterreset: All ones
to=s +
I 151 14113112|1111101 91 8 | 71 61 SI 4) 31 21 1| O]
MSB <====e<<ce—w- VIE INTERVAL A VALUE-=-=cecm—ca- > LSB

FIGURE 30 - Vie Interval A Register Word Format

val A Register - Address 3. TheVie Interval A Register shall be a 16-bit fegister that shall

The value in this
register shall

4.3.7.3.5 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.
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