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FOREWORD

This standard was developed in conjunction with the Miniature Munitions Interface| Standard in
order to support|a distributed RT point-to-point network configuration.
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1.

1.1

SCOPE:

This SAE Aerospace Standard (AS) contains requirements for a digital time division
command/response multiplex data bus, for use in systems integration that is functionally
similar to MIL-STD-1553B with Notice 2 but with a star topology and some deleted
functionality. Even with the use of this document, differences may exist between multiplex
data buses in different system applications due to particular application requirements and the
options allowed in this document. The system designer must recognize this fact and design
the multiplex bus controller (BC) hardware and software to accommodate such differences.
These designer selected options must exist to allow the necessary flexibility in the design of

specific multmwmmmumwwjfctural
redundancy,|degradation concept, and traffic patterns peculiar to the specific application

requirements.

Purpose:

This document establishes requirements for digital, command/response, timg division
multiplexing (Data bus) techniques. It encompasses the-data bus line and itg interface
electronicq illustrated on Figure 1, and also defines the concept of operation|and
information flow on the multiplex data bus and the gléctrical and functional formats to be

employed.

Bus Controller

A

Up to 31 Remote Terminal
Addresses 0 - 30

RT

FIGURE 1 - Data Bus Network Configuration

RT
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1.2 Field of Application:

When invoked in a specification or statement of work, these requirements shall apply to the
multiplex data bus and associated equipment which is developed either alone or as a
portion of a Miniature Mission Store weapon system or subsystem development. The
contractor is responsible for invoking all the applicable requirements of this standard on
any and all subcontractors he may employ.

2 REFERENCES:

2.1 Applicable|Documents:

The follow|ng publications form a part of this document to the extent‘specifigd herein. The
latest issu¢ of SAE publications shall apply. The applicable issug-ofother pyblications shall
be the issye in effect on the date of the purchase order. In the event of conflict between the
text of this|document and references cited herein, the text of this document {akes
precedence. Nothing in this document, however, supersedes applicable lawp and
regulationg unless a specific exemption has been obtained.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0P01, Tel: 877-606-7323 (inside USA and Canada) or 724-776-4970 (outside

USA), wiww.sae.org.

ARP4242 Electromagnetic’'Compatibility Control Requirements, [System

2.1.2 U.S. Government Publications: Available from Document Automation and Production
Service (DAPS), Building-4/D, 700 Robbins Avenue, Philadelphia, PA 191(11-5094, Tel:
215-69746257, http://assist.daps.dla.mil/quicksearch/

MIL-STDO-1553B Digital Time Division Command/Response Multiplex ata Bus

MIL-STD-464 Electromagnetic Environmental Effects, Requirements for Systems

2.1.3 TIA Publications: Available from TIA, Standards and Technology Department, 2500
Wilson Boulevard, Arlington, VA 22201, www.tiaonline.org/standards/

TIA/EIA-485-A 21 Electrical Characteristics of Generators and Receivers for
(ANSI/TIA/EIA-485-A-98) Use in Balanced Multipoint Systems
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2.2 Definitions:

ASYNCHRONOUS OPERATION: For the purpose of this standard, asynchronous
operation is the use of an independent clock source in each terminal for message
transmission. Decoding is achieved in receiving terminals using clock information derived
from the message.

BIT RATE: The number of bits transmitted per second.

BIT: Contraction of binary digit: may be either zero or one. In information theory a binary
digit is equal to one binary decision or the designation of one of two possibl¢ values or
states of anything used to store or convey information.

BROADCAST: Operation of a data bus system such that information transnjitted by the bus
is addresskd to more than one of the remote terminals connected to the datp bus.

Bus Contrpller (BC): The terminal assigned the task of initiating information|transfers on
the data bys.

BUS MONITOR (BM): The terminal assigned the task of listening to Logical Hub activity
with ability| to extract selected information, to:bé used at a later time. Bus Ménitor may be
stand along or incorporated into another terminal.

COMMANPD/RESPONSE: Operation-of a data bus system such that remote terminals
receive and transmit data only when commanded to do so by the bus contrqller.

COMPOSITE BUS MONITOR (cBM): The cBM provides a time correlated tjansmission of
all activity entering and.departing the Logical Hub, including all BC and RT yalid, invalid,
legal and ijlegal words.

DATA BUS: Whenever a data bus or bus is referred to in this document it shall imply all the
hardware {ncluding twisted shielded pair cables, required to provide a singlg data path
between the bus controller and each associated remote terminal resulting in a Star
Topology, as seen in Figure 2.
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RT BM RT KT
FIGURE 2 - BC Logical Hub - Star Architecture
HALF DUPLEX: Operation of a data transfer system in either direction over|a single line,
but not in both directions on that line simultaneously.

LOGICAL

of Hardwa

LEVEL HUB: In this document; the Logical Level Hub or just Log
e and/or software providing’logical communications from the BC
each implgmented RT, authorized\by command word RT address bits, thru

cal Hub is a set
to and from
he

RS-485 trgnsceivers. The hub architecture is known as an Active Star Configuration; where
the active function limits responses from the Remote Terminals so that the BC receives

communicgtions from only one RT at a time. The Logical Hub also supplies

a composite

Bus Monitpring traffic line out, to allow monitoring of all activity within the Logical Hub. See
Figure 2 apd Figures\3:

MESSAGE: Asirigle message is the transmission of a command word, stat

data word$ ifthey are specified.

Is word, and

MODE CODE: A means by which the bus controller can communicate with the multiplex
bus related hardware, in order to assist in the management of information flow.

MULTIPLEX DATA BUS: A communications pathway, based on a physical media, where
Time Division Multiplexing is employed in order to manage the transfer of information to
and from terminals located across the physical media.
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PULSE CODE MODULATION (PCM): The form of modulation in which the modulation
signal is sampled, quantized, and coded so that each element of information consists of
different types or numbers of pulses and spaces.

REMOTE TERMINAL (RT): All terminals not operating as the bus controller or as a bus
monitor.

RT LINK SHUTDOWN: The shutdown function contained within the BC/Logical Hub for
inhibiting all transmissions to an RT link.

SUBSYSTIEM: The device or functional unit receiving data transfer service from the data
bus.

TERMINAL: The electronic module necessary to interface the data bus with|the subsystem
and the supsystem with the data bus. Terminals may exist as/separate line feplaceable
units (LRUs) or be contained within the elements of the subSystem.

TERMINAL MONITOR (TM): The terminal assigned the’task of listening to RT line traffic
with ability|to extract selected information, to be used at a later time. Terminpl Monitor may
be stand ajone or incorporated into another terminal.

TIME DIVISION MULTIPLEXING (TDM):The transmission of information from several
signal sources through one communication system with different signal samples staggered
in time to fprm a composite pulse traif.

WORD: In|this document a word is a sequence of 16 bits plus sync and par|ty. There are
three types of words: command, status and data.
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2.3 Acronymns and Abbreviations:

AIR

ARP

BC to RT

BC

BIT

BM

CS

dB

DC

EMC

kHz

LRU

LSB

MC

MHz

MIL-STD

Aerospace Information Report
Aerospace Recommended Practice
Bus controller to remote terminal transfer

Bus controller

Built-in-test

Bus monitor

Clear Status

Decibels

Direct current

Electromagnetic compatibility

Feet

Kilohertz

Line)replaceable unit

Least significant bit

Mode code

Megahertz

Military Standard
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MSB

ms

mV

ns

PCM

RMS

RT to BC

RT

TR

TBD

TDM

TF

Most significant bit

Milliseconds

Millivolts

Nanoseconds

Pulse code modulation

Parity

Root-mean-square

Remote terminal to bus controller transfer

Remote terminal

Transmit/receive

To be determined

Time division multiplexing

Terminal\flag

Volt

Nominal characteristic impedance
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3. GENERAL REQUIREMENTS:

3.1

3.2

Test and Operating Requirements:

All requirements as specified herein shall be valid over the environmental conditions, which
the multiplex data bus system shall be required to operate.

Data Bus Operation:

The multi
Figure 1,

s shown on

onsisting of a Bus Controller with 1 - 31 individual lines, having ope line to each

respective|Remote Terminal. An example of the data bus including subSystéms and bus

asynchronpusly in a command/response mode, and transmission shall occy
duplex mahner. Sole control of information transmission on the bus shall re
ller, which shall initiate all transmissions. The information flow of
mprised of messages, formed, by three types of words (comman

Bus Contrq
shall be cg
status) as

Hefined in 3.3.3.5

ion

rin a half-
side with the

| the data bus
d, data, and

Subsystem

Bus Conitroller

LogicalLevel Hub

Bus Monitor
to
Hub Traffic

Terminal Monitor

RT Line Traffic

to

Stbsystem
with embedded
Remote Terminal

Remote Terminal|

Subsystem(s)

Subsystem
with embedded
Remote Terminal

FIGURE 2 - Data Bus with Subsystems and Monitors
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3.3 Characteristics:

3.3.1 Data Form: Digital data may be transmitted in any desired form, provided that the chosen
form shall be compatible with the message and word formats defined in this standard.
Any unused bit positions in a word shall be transmitted as logic zeros.

3.3.2 Bit Priority: The most significant bit (MSB) shall be transmitted first with the less

significant bits following in descending order of value in the data word. The number of bits
required to define a quantity shall be consistent with the resolution or accuracy required.
In the event that multiple precision quantities (information accuracy or resolution requiring
more th ' itted; TgrTifi i nitted first,
followed [py the word(s) containing the lesser significant bits in numerical-descending
order. Bif packing of multiple quantities in a single data word is permitted.

3.3.3 Transmigsion Method:

3.3.3.1  Modulgtion: The signal shall be transferred over the.data bus in serial digital pulse code

modulgtion (PCM) form.

one shall be
by a negative

3.3.3.2 Data Code: The data code shall be Manchester Il bi-phase level. A logid

transmjtted as a bipolar coded signal 1 /Qdi.e., a positive pulse followed

3.3.3.3

3.3.34

3.3.3.5

pulse).|A logic zero shall be a bipolar coded signal 0/1 (i.e., a negative ¢
by a pgsitive pulse). A transition throtigh zero occurs at the midpoint of ¢
(see Figure 4).

Transmission Bit Rate: Thetransmission bit rate on the bus shall be 10
second with a combined accuracy and long-term stability of £0.1% (i.e.,
The shport-term stability_(i.e., stability over 1 second interval) shall be at
(i.e., 1000 Hz).

Word $ize: The word size shall be 16 bits plus the sync waveform and t
a total pf 20-bits times as shown on Figure 5.

ulse followed
pach bit time

megabit per
+10,000 Hz).
east £0.01%

he parity bit for

Word Formats: The word format shall be as shown on Figure 5 for the command, data,

and status words.
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ONE BIT TIME
(+) —
10 MHz CLOCK
) =

(+) —_ _— I —

NRZ DATA

-y —

(+) — —

MANCHESTER Il

BI-PHASE [

.)_

NOTE:
NRZ = NON RETURN TO ZERO

FIGURE 3 - Data Encoding

BIT TIMES ‘1‘2‘3[4|5|6|7‘3‘QJ10’11‘12|13l14|15|16|17‘8‘19‘20‘
COMMAND WORD }‘ 5 ‘ 1 ‘ 5 | 5 ‘ 1 ‘
SYNC REMOTE TERMINAL TIR SUBADDRESS / MODE DATA WORD COUNT / P
ADDRESS MODE CODE
DATAWORP ~ -eeeeees } ----------- l 16 ‘ 1 ‘
SYNC DATA P
STATUS WQRD }‘ 5 ‘ 1 ‘ 1 ‘ 1 ‘ 3 | 1 | 1 | 1 ‘ 1 ‘ 1 ‘ 1 ‘
SYNC REMOTE TERMINAL Z Z @ RESERVED 2 2 B 7 32
ADDRESS e 3 2 @ = Z =
£ 2 3 s E s 3
o g =
a m u
2 5 B = o
5 =2 § & 0]
a =] ] (]
=4 —

NOTE: T/ R = TRANSMIT / RECEIVE
P =PARITY

a3NFO3Y ONYIWNOD LEvOavousa

FIGURE 4 - Word Formats
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3.3.3.5.1

aigigioilig

+VOLTS e

-VOLTS .

QIGISInL2

3.3.3.5.1.3

Command Word: A command word shall be comprised of a sync waveform, remote
terminal (RT) address field, transmit/receive (T/R) bit, subaddress/mode field, word
count/mode code field, and a parity (P) bit (see Figure 5).

Svnc (Bit Times 1-3): The command sync waveform shall be an invalid Manchester
waveform as shown on Figure 6A. The width shall be three bit times, with the sync
waveform being positive for the first one and one-half bit times

(150 ns), and then negative for the following one and one-half bit times. If the next
bit following the sync waveform is a logic zero, then the last half of the sync
waveform will have an apparent width of two clock periods due to the Manchester
encoding.

BIT TIME
INTERVAL

—~——— COMMAND/ STATUS SYNC ———— > | = DATABIT >

FIGURE 6A - Command and Status Sync Waveform

Remote Terminal Address (Bit'Times 4-8): The next five bits followiphg the sync
shall be the RT address. Each RT shall be assigned a unique addregs. Decimal
addiress 31 (11111) shall not be assigned as a unique address. In adldition to its
unigue address, an RT shall be assigned decimal address 31 (1111]) as the
cornmon address, 'ifthe broadcast option is used. All RTs shall be cgpable of being
assigned any unigue address from decimal address 0 (00000) through decimal
addiress 30(11110). RT address shall be established by some exterhal mechanism,
su¢h as seftware registers, hardwired through an external connector|or a separate
int¢rface{which is part of the system wiring and connects to the RT. Changing the
unigue‘address of an RT shall not require the physical modification ¢r manipulation
DA eRT. The R aif,as a minimum, determine and validate its
address during power-up conditions. No single point failure shall cause a terminal to
validate a false address. The RT shall not respond to any messages if it has

determined its unique address is not valid.

Transmit/Receive (Bit Time 9): The next bit following the remote terminal address
shall be the T/R bit, which shall indicate the action required of the RT. A logic zero
shall indicate the RT is to receive, and a logic one shall indicate the RT is to
transmit.
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3.3.3.5.14

3.3.3.5.1.4.1

3.3.3.5.1.5

3.3.3.5.1.6

Subaddress/Mode (Bit Times 10 - 14): The next five bits following the T/R bit shall
be utilized to indicate an RT subaddress or use of mode control, as is dictated by
the individual terminal requirements. The subaddress/mode values of 00000 and
11111 are reserved for special purposes, as specified in 3.3.3.5.1.7, and shall not
be utilized for any other function. An RT shall have the capability to respond to
mode codes with both subaddress/mode of 00000 and 11111. BCs shall have the
capability to issue mode commands with both subaddress/mode of 00000 and
11111. The subaddress/mode of 00000 and 11111 shall not convey different
information.

Data Wrap-Around: RTs shall provide a receive subaddress to which one to N
dpta words of any bit pattern can be received. RTs shall provide-a transmit
spibaddress from which a minimum of N data words can be transmijtted. N is equal
tg the maximum word count from the set of all messages defined fpr the RT. A
valid receive message to the data wrap-around receive subaddresp followed by a
valid transmit command to the data wrap-around transmit subaddress, with the
spme word count and without any intervening valid €ommands to that RT, shall
c
c
]

puse the RT to respond with each data word having the same bit jpattern as the
prresponding received data word. A data wrap-around receive and transmit
ibaddress of decimal 30 (11110) is desired:

Data Word Count/Mode Code (Bit Times 15-19): The next five bits following the
suljaddress/mode field shall be the quantity of data words to be eith¢r sent out or
recgived by the RT or the optionalmode code as specified in subsegtion
3.313.5.1.7. A maximum of 32 data words may be transmitted or recgived in any one
mepsage block. All 1s shall indicate a decimal count of 31, and all 0$ shall indicate
a decimal count of 32.

Patrity (Bit Time 20):The last bit in the word shall be used for parity pver the
prejceding 16 bits, ©dd parity shall be utilized.
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3.3.3.5.1.7

3.3.3.5.1.7.1

3.3.3.6.1.7.2

3.3.3.5.1.7.3

3.3.3.5.1.74

Mode Control: Mode Control shall be designated by a subaddress/mode code of
00000 or 11111 in bit fields 10 through 14 and shall imply that the contents of the
data word count/mode code (bit fields 15 thru 19) are to be decoded as a five-bit
mode command. The mode code shall only be used to communicate with the
multiplex bus related hardware, and to assist in the management of information

flow, and not to extract data from or feed data to a functional subsystem. Codes

00000 through 01111 shall only be used for mode codes, which do not require

transfer of a data word. For these codes, the T/R bit shall be set to 1. Codes 10000
through 11111 shall only be used for mode codes, which require transfer of a single

data word. For these mode codes, the T/R bit shall indicate the direction of data

word flow as specified in 3.3.3.5.1.3. No multiple data word transfer shall be

im - Ul VY ¥ LIS -'7I"I-'7 IS cll 'S - =l VS U Speclﬁc

fungtions and shall not be used for any other purpose. The specific.¢odes, T/R bit
asgignments, use of a data word, and allowance of broad castteptipn shall be
us€d as indicated in Table 1. The use of the broadcast commrand gption shall only
be ppplied to particular mode codes as specified in Table 1. Requifed mode
codes are specified in 3.4.3.7.

Reserved (T/R = 1, MC = 00000): This mode code is reserved, shall not be used,
ahd shall be set to a logic zero (0).

Synchronize (without Data Word) (T/R.= 1, MC = 00001): This command shall
cause the RT to synchronize (e.g., téreset the internal timer, to start a sequence,
efc.). The RT shall transmit the status word as specified in 3.3.3.5.3.

Tfansmit Status Word (T/R="1, MC = 00010): This command shal| cause the RT
td transmit the status word‘associated with the last valid command| word
pfeceding this command. This mode command shall not alter the dtate of the
sfatus word.

Initiate Self4est (T/R =1, MC = 00011): This command shall be usgd to initiate self-
t¢st within\the RT. The RT shall transmit the status word as specified in 3.3.3.5.3. If
tHe initiate self-test mode command is implemented in the RT, then the RT receiving
the initiate self-test mode code shall respond with a status word and then initiate the
RIT self-te nction hsequent valid commands may terminate fhe self-test
function. While the RT self-test is in progress, the RT shall respond to a valid
command with any of the following: (1) no response on either data bus,

(2) status word transmitted with the busy bit set, or (3) normal response. If any data
is transmitted from the RT while it is in self-test, the information content of the data
shall be valid. An RT receiving this mode code shall complete the self-test function
and have the results of the self-test available within 100 ms following transmission
of the status word. The time shall be measured from the mid-bit zero crossing of the
parity bit of the status word to the mid-sync zero crossing of the command word at
point A on Figure 13.
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3.3.3.5.1.75
the RT to set the TF bit in the status word specified in 3.3.3.5.3.10
until otherwise commanded. The RT shall transmit the status word
3.3.3.5.3.

3.3.35.1.7.6
to override the inhibit TF bit specified in 3.3.3.5.3.10. The RT shall
status word as specified in 3.3.3.5.3.

3.3.3.56.1.7.7

cpde shall respond with a status word and then reset. While theR
the RT shall respond to a valid command with any of the following
response on either data bus, (2) status word transmitted with-the b
) normal response. If any data is transmitted from the.RT while it
the information content of the data shall be valid. An.RD receiving

shall complete the reset function within 5 ms followitig transmissio
ord.

erefore, after the Bus Controller issues the command, it should
nsmissions to the terminal for 5 ms. The time shall be measurec
bjt zero crossing of the parity bit of theistatus word to the mid-synd
of the command word at point A on Figure 13.

3.3.3.5.1.7.8 eserved Mode Codes: These mode codes are reserved for futur

3.3.3.5.1.7.9
transmit a status word as specified in 3.3.3.5.3 and a data word
prvice request information.

3.3.3.5.1.7.10 Synchroénize With Data Word (T/R = 0, MC = 10001): The RT sh3
cpmmand word followed by a data word as specified in 3.3.3.5.2.

t be used; see Table 1(for complete list of reserved mode codes|

Inhibit Terminal Flag (TF) bit (T/R =1, MC = 00110): This command shall cause

to logic zero
as specified in

Override Inhibit TF bit (T/R =1, MC = 00111): This command shall cause the RT

transmit the

Reset Remote Terminal (T/R = 1, MC = 01000): This command shall be used to

et RT mode

[ is being reset,
(1) no

usy bit set, or
is being reset,
his mode code
n of the status

suspend
| from the mid-
zero crossing

B use and shall

Transmit Vector Word T/R = 1, MC = 10000): This command shall cause, the RT

containing

Il receive a
'he data word

shallcontain synchronization information for the RT. After receivin

the command

and data word, the RT shall transmit the status word as specified in 3.3.3.5.3.

3.3.3.5.1.7.11

Transmit Last Command Word (T/R = 1, MC =10010): This command shall cause

the RT to transmit its status word as specified in 3.3.3.5.3 followed by a single data
word which contains the bit information from bit times 4 - 19 of the last command
word, excluding a transmit last command word mode code received by the RT. This

mode command shall not alter the state of the RT’s status word.
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TABLE 1 - Assigned Mode Codes

Broadcast
T/R | Mode Associated |Command | Required
Bit | Code Function Data Words | Allowed |Mode Code
Mode Code Without Data
Words
1 00000 Reserved — Not to be Used No TBD No
1 00100 Synchronize No Yes Yes
1 00n01 Transmit Status Word No No Yes
1 00101 Initiate Self Test No Yes No
0010
| 0 Reserved — Not to be Used No TBD No
1 00110 Reserved — Not to be Used No TBD No
| R [inhibit Terminal Flag Bit No Yes No
1| %M | override Inhibit Terminal Fiag Bit No Yes No
1 01000 Reset Remote Terminal No Yes Yes
1 01100 Reserved — Not to be Used No TBD No
To
1 01111 Reserved — Not to bellsed No TBD No
Mode Codes With Data Words
1 10000 Transmit Vecter-Word Yes No No
0 10100 Synchronize Yes Yes Yes
1 10001 Transmit Last Command Yes No No
1 10101 Transmit Built In Test Word Yes No No
0 Lokt Reserved — Not 1o be Used Y&s TBD No
0
0 1011 0 Reserved — Not to be Used Yes TBD No
1or0 10011 Reserved — Not to be Used Yes TBD No
To
1o0r0 1111 Reserved — Not to be Used Yes TBD No

1

NOTE: Required Mode Codes refer to 3.4.3.7; TBD = to be determined
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3.3.3.5.1.7.12 Transmit Built-in-Test (BIT) Word (T/R = 1, MC = 10011): This command shall
cause the RT to transmit its status word as specified in 3.3.3.5.3 followed by a
single data word containing the RT BIT data. This function is intended to
supplement the available bits in the status word when the RT hardware is
sufficiently complex to warrant its use. The data word, containing the RT BIT data,
shall not be altered by the reception of a Transmit Last Command or a Transmit
Status Word mode code. This function shall not be used to convey BIT data from
the associated subsystems.

3.3.3.5.2 Data Word: A data word shall be comprised of a sync waveform, data bits, and a
parity bit (see Figure 5).

3.3.3.5.2.1 Svnc (Bit Times 1-3): The data sync waveform shall be an invalid Manchester
wayeform as shown on Figure 6B. The width shall be three bit times| with the
wayeform being negative for the first one and one-half bittimes, and then positive
for the following one and one-half bit times. Note that\f the bits precgding and
follpwing the sync are logic ones, then the apparent width of the sync waveform will
be Jncreased to four bit times.

< BITTIME
+VOLTS — r==-=1 INTERVAL e e ey
! |
0 — } H
! |
| |
-VOLTS — L Leewed
Pgé&l&gmg% +——— DATA WORD SYNC - DATABIT >

FIGURE 5B - Data Word Sync

3.3.3.5.2.2 DataiBit Times 4 - 19): The sixteen bits following the sync shall be (tilized for data
transmission as specified I 3.3.2 and as seen in Figare o.

3.3.3.5.2.3 Parity (Bit Time 20): The last bit shall be utilized for parity as specified in
3.3.3.5.1.6.
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3.3.3.5.3 Status Word: A status word shall be comprised of a sync waveform, RT address,
message error bit, instrumentation bit, service request bit, four reserved bits,
broadcast command received bit, busy bit, subsystem flag bit, terminal flag bit, and a
parity bit, see Figure 5. The status word transmitted by an RT shall contain valid
information at all times, e.g., following: (1) RT power up, (2) during initialization, and
(3) during normal operation. For optional broadcast operation, transmission of the

3.3.3.5.3.1

3.3.3.5.3.2

3.3.3.5.3.3

3.3.3.6.34

3.3.3.5.3.5

statu

s word shall be suppressed as specified in 3.3.3.6.6.

Sync (Bit Times 1 - 3): The status sync waveform shall be the same format as the
Command Word as specified in 3.3.3.5.1.1 and as depicted in Figure 6A.

RT

adq

Co

Me|

toi

cor|
spe

3.4

errq
erry

Ins
for

usq

dis
ins

Se
res
us§
rel

mmand Word, as defined in 3.3.3.5.1.2.

ssage Error Bit (Bit Time 9): The status word bit atbit time nine s
hdicate that one or more of the data words assgciated with the pr
nmand word from the bus controller has failed\to pass the RT's v
cified in 3.4.1.1. This bit shall also be set under the conditions s
1.2, 3.4.3.4 and 3.4.3.6. A logic one shalfindicate the presence
br, and a logic zero shall show its absence. All RTs shall impleme
r bit.

rumentation Bit (Bit Time 10Q): The status word at bit time ten shg
the instrumentation bit and:shall always be a logic zero. This bit i
d in conjunction with a logic one in bit time ten of the command
inguish between a_cemmand word and a status word. The use o
rumentation bit is optional.

vice Requést Bit (Bit Time 11): The status word bit at bit time ele|

Address (Bit Times 4 - 8): The next five bits following the sync s'tall contain the
ress of the RT transmitting the status word, using the sameformiat as the

hall be utilized
eceding receive
lidity tests as
ecified in

pf a message

nt the message

Il be reserved

5 intended to be
vord to

the

ven shall be

erved fof the service request bit. The use of this bit is optional. T
d shalkindicate the need for the bus controller to take specific pr

is bit when
defined actions

to @ single RT, which individually require a service request signal shall logically OR
their individual signals into the single status word bit. In the event this logical OR is
performed, then the designer must make provisions in a separate data word to
identify the specific requesting subsystem. The service request bit is intended to be
used only to trigger data transfer operations, which take place on an exception
rather than periodic basis. A logic one shall indicate the presence of a service
request, and a logic zero its absence. If this function is not implemented, the bit
shall be set to zero.
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3.3.3.5.3.6

3.3.3.5.3.7

3.3.3.5.3.8

3.3.3.56.3.9

3.3.3.5.3.10

3.3.3.6.3.11

Reserved Status Bits (Bit Times 12 - 14): The status word bits at bit times twelve
through fourteen are reserved for future use and shall not be used. These bits shall
be set to a logic zero.

Broadcast Command Received Bit (Bit Time 15): The status word at bit time fifteen
shall be set to a logic one to indicate that the preceding valid command word was a
broadcast command and a logic zero shall show it was not a broadcast command. If
the RT implements the broadcast option, then the use of this bit shall be required. If
the broadcast command option is not used, this bit shall be set to a logic zero.

, re-163—Fh Sts-werd-biat-bi-Ha r-shal-be reserved for
the|busy bit. The use of this bit is optional. This bit, when used, shal

indicate that
m in

bu
res
thi

y condition, and a logic zero its absence. In the event¢he busy bjt is set in
ponse to a transmit command, then the RT shall transmit its statys word only. If
function is not implemented, the bit shall be set4o,logic zero. The existence of
y conditions is discouraged. However, any busy condition, in the|RT or the
sulfsystem interface that would affect communication over the bus shall be
corjveyed via the busy bit. Busy conditions, and thus the setting of the busy bit,
shgll occur only as a result of particular cofimand words/messages pent to an RT.

chgracteristics, determine when the RF’can become busy and when|it will not be
g the terminal

sigmals infg the single status word bit. In the event this logical OR is performed, then
the|desigrier must make provisions in a separate data word to identify the specific
repprting subsystem. A logic one shall indicate the presence of the flag, and a
logical zero its absence. If not used, this bit shall be set to a logical zero.

Reserved (Bit Time 18): This bit shall be set to logical zero.

Terminal Flag Bit (Bit Time 19): The status word bit at bit time nineteen shall be
reserved for the terminal flag function. The use of this bit in optional. This bit, when
used, shall flag a RT fault condition. A logic one shall indicate the presence of the
flag, and a logic zero, its absence. If not used, this bit shall be set to a logical zero.
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3.3.3.5.3.

3.3.3.5.4

3.3.3.6

3.3.3.6.1

3.3.3.6.2

3.3.3.6.3

3.3.3.6.4

3.3.3.6.5

12 Parity Bit (Bit Time 20): The least significant bit (LSB) in the status word shall be
utilized for parity as specified in 3.3.3.5.1.6.

Status Word Reset: The status word bit, with the exception of the address, shall be set
to logic zero after a valid command word is received by the RT with the exception as
specified in 3.3.3.5.1.7. If the conditions which caused bits in the status word to be set
(e.g., terminal flag) continue after the bits are reset to logic zero, then the affected
status word bit shall be again set, and then transmitted on the bus as required.

Message Formats The messages transmltted on the data bus shaII be in accordance
with the-fe . c ] . mresponse times
shall bg as stated in 3.3.3.7 and 3. 3 3 8. No message formats other thc n those defined
herein,[shall be used on the bus. RTs shall, as a minimum, implement the following
non-brgadcast message formats: (1) RT to BC transfers, (2) BC4o'RT tfansfers, and (3)
mode qgommand without data word transfers. A BC shall havé the capability to issue all
message formats.

Bus Qontroller to Remote Terminal Transfers: The bus controller shall i$sue a receive
command followed by the specified number of data words. The RT shgll, after
messpge validation, transmit a status word bagk to the controller. The[command and
data ords shall be transmitted in a contiguous fashion with no inter-word gaps.

Remate Terminal to Bus Controller Transfers: The bus controller shall igsue a transmit
comnpand to the RT. The RT shall, after command word validation, trgnsmit a status
word pack to the bus controller; followed by the specified number of data words. The
statug and data words shall be’transmitted in a contiguous fashion with no inter-word

gaps.

Model Command Without Data Word: The bus controller shall issue a tfansmit
command to the_RT using a mode code specified in Table 1. The RT shall, after
command werdvalidation, transmit a status word.

Model Command With Data Word (Transmit): The bus controller shall issue a transmit
comman using a mode code Specifie shall, after
command word validation, transmit a status word followed by one data word. The
status word and data word shall be transmitted in a contiguous fashion with no gap.

Mode Command With Data Word (Receive): The bus controller shall issue a receive
command to the RT using a mode code specified in Table 1, followed by one data
word. The command word and data word shall be transmitted in a contiguous fashion
with no gap. The RT shall, after command and data word validation, transmit a status
word back to the controller.
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BUS CONTROLLER
TO
REMOTE TERMINAL

REMOTE TERMINAL
TO
BUS CONTROLLER

MODE CODE COMMAND
WITHOUT DATA WORD

MODE CODE COMMAND
WITH DATA WORD
(TRANSMIT)

NEXT

RECEIVE DATA DATA DATA STATUS # COMMAND
COMMAND WORD WORD LI WORD * ok WORD WORD

TRANMSIT STATUS DATA DATA DATA # COMMAND
COMMAND * % WORD WORD WORD = nw WORD WORD

NEXT

COMMAND * % SVORD. # e # = INTERMESSAGE GAP

* = RT RESPONSE TIME
NEXT

e * % STats frratied # COMMAND NOTE: BC TO RT AND RT TO BC
____________ COMMANDS MAY HAVE 1-32 DATA
WORDS.

MODE CODE COMMAND
WITH DATA WORD
(RECEIVE)

3.3.3.6.6 Optio
1111
the b:
close
word
poten
fault ¢

MODE DATA STATUS # COMMAND
COMMAND WORD * * WORD WORD

FIGURE 6 - Information Transfer Formats

nal Broadcast Command: The use of a broadecast message (with RT address

in 3.3.3.5.1.2 and as defined below), represents a significant dgparture from
hsic philosophy of a Command/Response’bus; it does not providg a positive
d-loop control of bus traffic because the'RT does not respond wjth a status

If the broadcast command is implemented, consideration should be given to the
tial effects of a missed broadcastimessage, and the subsequent|implications for
pr error recovery design in the.femote terminals and bus controllgrs. If the RT

implements the broadcast optiontand after passing message validation, the RT

shall
3.3.3
broad

3.3.3.6.7 Bus(
issue
speci
trans

set the broadcast command received bit in the status word as gpecified in
5.3.7 and shall not transmit the status. This process shall apply for every
cast command.

Controller to<Remote Terminals Transfer (Broadcast): The bus gontroller shall
a receive;eommand word with 11111 in the RT address field follpwed by the
fied number of data words. The command word and data words ghall be
mitted in a contiguous fashion with no gap.

3.3.3.6.8 Mode Command Without Data Word (Broadcast): The bus controller shall issue a
transmit command word with 11111 in the RT address field, and a mode code
specified in Table 1.

3.3.3.6.9 Mode

Command With Data Word (Broadcasts): The bus controller shall issue a

receive command word with 11111 in the RT address field and a mode code specified
in Table 1, followed by one data word. The command word and data word shall be
transmitted in a contiguous fashion with no gap.
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NEXT
BUS CO?SROLLER RECEIVE DATA DATA . s = DATA # COMMAND
REMOTE TERMINAL COMMAND WORD WORD WORD WORD
NEXT
MODE CODE COMMAND MODE COMMAND _
WITHOUT DATA WORD COMMAND # WORD # = INTERMESSAGE GAP

** = RT RESPONSE TIME

NEXT
MODE CODE COMMAND NOTE: BC TO RT BROADCAST
MODE DATA COMMAND
WITH DATA WORD COMMAND WORD # e COMMAND TRANSFERS MAY
(RECEIVE) HAVE 1-32 DATA WORDS.

FIGURE 7 - Broadcast Information Transfer Formats

3.3.3.7 Intermgssage Gap: The bus controller shall provide a minimum gap tim¢ of 1
microsg¢cond between messages as shown on Figure 7Zand Figure 8. This time period,
shown fs T on Figure 9, is measured at point A of the\bus controller as shown on
Figure 13. The time is measured from the mid-bit zero crossing of the last bit of the
preceding message to mid-zero crossing of the pext command word sync.

3.3.3.8 Resporjse Time: The RT shall respond, in@@ecordance with 3.3.3.6, to afvalid command
word within the time period of 0.4 microseconds to 4 microseconds. Thi|s time period,
shown @s T on Figure 9, is measured.at point A of the RT as shown on Figure 11 or
Figure [13. The time is measured. from the mid bit zero crossing of the last word to the
mid-zerno crossing of the status'word sync, as specified in 3.3.3.6 and a$ shown on
Figure ¥, Figure 8, and Figure 9.

3.3.3.9 Minimum No-Response Time-Out: The minimum time that a terminal shpll wait before
considgring that a response as specified in 3.3.3.8 has not occurred shall be
8 micrgseconds~Fhe time is measured from the mid-bit zero crossing of the last bit of
the last|{word to:the mid-zero crossing of the expected status word sync|at point A of the
termindl as_shown on Figure 11 or Figure 13.
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3.4 Terminal G

3.4.1 Common
the follow

3.4.1.1

34111

34112

34113

Word \}

T

MEASUREMENT POINTS BETWEEN ZERO CROSSINGS
FOR INTERMESSAGE GAP AND
RT RESPONSE TIME

FIGURE 8 - Intermessage Gap and RT Response Time

peration:

Operation: Terminals shall have commuen operating capabilities
jing paragraphs.

[alidation: The terminal shall ensure that each word conforms to

minimym criteria:

The word begins with a valid sync field.

The &

fails

its are in a valid-Manchester |l code.

The itEformation field has 16 bits plus parity. The word parity is odd.\

conform to the preceding criteria, the word shall be considered

as specified in

the following

\Vhen a word
invalid.

3.4.1.2 Transmission Continuity: The terminal shall verify that the message is contiguous as
defined in 3.3.3.6. Improperly timed data syncs shall be considered a message error.

3413

Terminal Fail-Safe: The terminal shall contain a hardware implemented time-out to

preclude a signal transmission of greater than 80 microseconds. This hardware shall
not preclude a correct transmission in response to a command. Reset of this time-out
function shall be performed by the reception of a valid command on the bus on which
the time-out has occurred.
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3.4.2

343

3.4.3.1

3432

3433

3434

3.4.3.5

Bus Controller Operation: A terminal operating as a bus controller shall be responsible for
sending data bus commands, participating in data transfers, receiving status responses,
and monitoring system status as defined in this standard. The bus controller function may
be embodied as either a stand-alone terminal, whose sole function is to control the data
bus(s), or contained within a subsystem. Only one terminal shall be in active control of a
data bus at any one time.

Remote Terminal:

Operation: A remote terminal (RT) shall operate in response to valid commands

receiv : as valid when
the commmand word meets the criteria of 3.4.1.1, and the command wordl contains a
termingl address which matches the RT address or an address of 41111, if the RT has
the bropdcast option.

Supersgeding Valid Commands: A RT shall be capable ofréceiving a command word on
the data bus after the minimum intermessage gap time as specified in 3.3.3.7 has been
exceeded, when the RT is not in the time period T as.specified in 3.3.3.8 prior to the
transmission of a status word, and when it is not transmitting on that data bus. A

second| valid command word sent to an RT shalltake precedence over the previous
command. The RT shall respond to the second valid command as specified in 3.3.3.8.

Invalid Commands: A remote terminalshall not respond to a command word which fails
to meef the criteria specified in 3.4.8.1.

lllegal Command: An illegal.command is a valid command as specified |n 3.4.3.1,
where {he bits in the subaddress/mode field, data word count/mode code field, and the
T/R bit [ndicate a mode command, subaddress, or word count that has not been
implemiented in the RT- It is the responsibility of the bus controller to asgure that no
ilegal gommandsare sent out. The RT designer has the option of moniforing for illegal
commands. If an_RT that is designed with this option detects an illegal jgommand and
the proper number of contiguous valid data words as specified by the illegal command
word, iff shall respond with a status word only, setting the message errofr bit, and not
use th

information received

Valid Data Reception: The remote terminal shall respond with a status word when a
valid command word and the proper number of contiguous valid data words are
received, or a single valid word associated with a mode code is received. Each data
word shall meet the criteria specified in 3.4.1.1.
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3.4.3.6 Invalid Data Reception: Any data word(s) associated with a valid receive command that
does not meet the criteria specified in 3.4.1.1 and 3.4.1.2 or an error in the data word
count shall cause the remote terminal to set the message error bit in the status word to
a logic one and suppress the transmission of the status word. If a message error has
occurred, then the entire message shall be considered invalid.

3.4.3.7 Required Mode Codes: A Remote Terminal shall operate in response to Synchronize
without Data (00001), Synchronize with data (10001), Transmit Status Word (00010),
and Terminal Reset (01000) modes codes as specified in 3.3.3.5.1.7 and as required in
3.4.3.5. The implementation of other mode codes as defined in Table 1 is optional.

3.4.4 Monitor Qperation: A terminal operating as a monitor shall receive bus trdffic and may
extract s¢lected information. While operating as a monitor, the terminal shall not respond
to any megssage except one containing its own unique address if ope is agsigned (making
it also a Remote Terminal). All information obtained while acting as a monitor shall be
strictly uged for off-line applications (e.g., flight test recording, maintenan¢e recording or
mission analysis) or to provide the back up bus controllersufficient information to take
over as the bus controller.

3.4.4.1 Bus Mgnitor: A terminal operating as the Bus IMMsnhitor receives its informpation from the
compogsite traffic line provided by the Bus Centroller, as shown in Figurg¢ 2 and Figure 3.

3.4.4.2 Termingl Monitor: A terminal operatingyas a Terminal Monitor shall have at least one
receivg line and may have as many.as 31 receive lines allowing the Tefminal Monitor to
acquirg communications between:a specific Remote Terminal(s) and the Bus
Controller, as shown on Figure-3.

3.5 Hardware Characteristics:

3.5.1 Data Bug Characteristics:

3.5.1.1 Cable:|The’cable used for every RT is the Interface Line Cable and sha|l be a two
condud i i j with not less

than six twists per foot where a twist is defined as a 360-degree rotation of the wire
pairs and the cable shield shall provide a minimum of 95% coverage.

3.5.1.2 Characteristic Impedance: The characteristic impedance of the cable (Z,) shall be
120 ohms £ 10% at a sinusoidal frequency of 10 MHz nominal.
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3.5.1.3 Cable Attenuation: At the frequency of 3.5.1.2, the cable power loss shall not exceed
4.75 dB/100 ft.

3.5.1.4 Cable Termination: The two ends of the cable shall be terminated with a resistance,
using a Zo nominal value selected at 120 ohms * 2%, as specified in 3.5.2.1, as seen in
Figure 10 and Figure 13.

TERMINATING RESISTOR
b \ T DATA IN
T 7 T
Fd
z ATA BUg
] IRE P
Bus ™y
Controlle S
I.ngmalH P Encoder
SUB-SYSTEM . SHEILD . a SUB-SYSTEM
enceder| | Terminal Terminal | cecoder
&
Decoser| | (BC) RT)

Twisted shlelded pair
Characteristic Impedance =Z,

OAaTA OUT
DATA OUT

RS-485 TRANSCEIVER

RS-485 TRANSCEIVER

RT LINE LENGTH _ (H———

FIGURE 9 - Example Implementation of BC to RT Interface Line Caple

3.5.1.5 |Interfafe Line Cable: The cableshall be coupled to the terminal as shpwn on Figure
10. The RT Interface Line Cable’/length is measured between the terminating resistor at
the BC|end and the terminating resistor at the RT end. Since maximum [cable lengths
can be|transceiver and implementation dependent, a typical cable length is not
expected to exceed 100)meters.

3.5.1.6 Cable Coupling:)All junctions shall provide a minimum of 75% shielded coverage.

3.5.1.7 Wiring|land Cabling for EMC: For purposes of electromagnetic capability (EMC), the
wiring amdcabtimg provisions of Mt=STD484sthatrapply
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3.5.2 Terminal

Characteristics:

3.5.2.1 Terminating Resistor: The terminating resistor for each end of the Interface Line Cable
will be located as close as possible to the terminal’s transceiver and is considered part
of the terminal and transceiver circuitry, see Figure 10. Terminating resistor shall not be
present on a Terminal Monitor, providing a high impedance interface (suggested at
least 10 times higher then the terminating resistor) in order to prevent loading on the
terminal line.

3.5.2.2 Bus/Line Biasing (optional):

3.5.221 BCs
netw

35222 RTB
and H
obse

3.5.2.3 Termin
R, as

Drk.

asing: If biasing is implemented, the bias network shall take into
RT side terminating resistors. Standard RS-485 ¢ommercial prac
'ved, resulting in a 0.3 to 0.5 V bias.

al Output Characteristics: The following-CHaracteristics shall be 1
shown on Figure 11, equal to 100 ohms + 1% and C, equal to 5

Termi

nall not be biased. BC shall function with an RT that is designed without a bias

account the BC
ices shall be

neasured with
D pF + 20%.

120 ohm A —_ CL

nal

FIGURE 10 - Terminal 1/O Characteristics
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th'L » <t

FIGURE 12 - Output Waveform

3.5.2.3.1 Output Levels: The terminal output voltage levels. shall be measured ag shown in
Figure 12, using the test configuration shown en Figure 11. The terminpal output
voltage shall be within the range of 1.5 to 1@V, peak-to-peak, line-to-ljne, when
measured at point A on Figure 11.

3.5.2.3.2 Outpuyt Waveform: The waveform shall be measured at point A on Figyre 11 and as
depicted in Figure 12. The waveform shall have zero crossing deviatigns which are
equal to, or less than, 2.5 nsg(When measured at zero crossing point intervals from one
zero ¢rossing point with respect to the next zero crossing point, i.e., a{ 50 ns + 2.5 ns,
100 ns £ 2.5 ns, 150 ns*2.5 ns, and 200 ns + 2.5 ns. The rise time (tg) and fall time
(tr) of this waveform shall be less than 30 ns when measured from levels of 10 to 90%
of fulll waveform peak-to-peak, line-to-line. Any distortion of the wavefprm including
overshoot and ringing shall not exceed +300 mV peak, line-to-line.

3.5.2.3.3 Outpuyt Noise: Any noise transmitted when the terminal is receiving poyer (until ready

to regpond) or has power removed, shall not exceed a value of 5 mV, [RMS, line-to-
line,
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