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FOREWORD

1. This handbook is written to be used, in conjunction with MIL-STD-1553, by the project engineer
who is specifying a new system or subsystem design for a Government procuring activity.

2. The primary purpose of this handbook is to give rationale and guidance to the contractual
requirements in MIL-STD-1553B.

3. Further information on the background and purpose for this document can be found in Sections 10
and 20.

4. The office responsible for development and technical maintenance of this handbook is ASD/ENAS,
Wright-Patterson AFB OH 45433-6503.
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10. INTRODUCTION

New MIL-STD-1553 system designs and advances in microelectronics since the first MIL-HDBK-1553 was
published were the motivation for this revision. It describes new MIL-STD-1553 state-of-the-art multiplexing,
it retains the valuable fundamentals of the original handbook, and it contains help for—

a. Government engineers who write requirements for equipment with MIL-STD-1553 interfaces or specify
systems that conform to MIL-STD-1553.

b. “Black box” designers who design equipment that interfaces with the MIL-STD-1553 multiplex bus.

c. System designers and integrators who design systems incorporating multiple units that communicate via
a MIL-STD-1553 multiplex bus.

The published versions of MIL-STD-1553 documents and notices are not reproduced here. Readers must
obtain copies of each and place them in their notebooks so that the context of the many references to the
standard will be clear. Copies of MIL-STD-1553 and the latest notices in effect, as well as copies of this
handbook (MIL-HDBK-1553), maybe obtained from the following address:

Commanding Officer

Naval Publications and Forms Center
5801 Tabor Avenue

Philadelphia, PA 19120

Telephone (215) 697-2179

In addition to the government documents, SAE publication AE-12, Systems Integration Handbook, addresses
MIL-STD-1553 integration issues. This document maybe obtained from:

SAE

400 Commonwealth Drive
Warrendale, PA 15096-0001
Telephone (412) 776-4841

Scope. The primary orientation of this handbook (MIL-HDBK-1553) is to show how to apply MIL-STD-1553B
(21 September 1978) as revised by changes of Notice 2 (8 September 1986). The differences between MIL-
STD-1553B Notices 1 and 2 are explained where required.

Handbook organization. The contents of each of the 13 major sections into which this handbook is organized
are as follows:

a. Section 10-Introduction-A short introduction and history of the development of MIL-STD-1553.

h. Section 20-Commentary of MIL-STD-1553B and Notice 2— Commentary and explanations of each
paragraph of both MIL-STD-1553B and of its Notice 2.

c. Section 30-Terminal/System Specification Considerations- Aspects of terminals and systems for
the Government engineer to consider when preparing specifications for procurement of units and systems
that must meet MIL-STD-1553 requirements; includes an example specification.

d. Section 40-Media Design-Information that will be useful to the engineer responsible for designing bus

wire, couplers, and transformers that meet MIL-STD-1553 requirements, including the media through
which data are transmitted and their interconnecting electrical characteristics.
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e. Section 5-Terminal Design— Information targeted for the “black box” hardware designer relating to
the circuitry of the analog and digital portions of interface circuitry that must meet MIL-STD-1553
requirements.

f. Section 60-System Design- System methods targeted for the systems designer and integrator to use
in meeting MIL-STD-1553 requirements.

g. Section 70-Multiplex System Examples- Examples of B-1B, CV-HELO, F-16C/D, AH-64, OV-1D
and C-17A system designs, as well as the system topologies, design details, problems, and limitations
of each; targeted at the systems designer.

h. Section 80-Parameter Formats- Guidelines for defining and using data words that meet MIL-STD-
1553 requirements.

i.  Section 90-Comparison of MIL-STD-1553B Versions and Notices- Compares the various versions
and notices of MIL-STD-1553 to assist hardware or system design engineers who need to incorporate or
interface with equipment built to a specific version or notice of MIL-STD-1553.

j. Section 100-RT Validation Test Plan- Remote terminal (RT) validation test plan, commonly required
for development of equipment that must meet MIL-STD-1553 requirements.

k. Section 110-Other test plans- The Society of Automotive Engineers (SAE) AS-1 Committee has
assembled several test plans that are listed in this section.

. Section 120-Definitions- A list of definitions of terms used in the handbook.
m. Section 130-index- The index for the handbook.

MIL-STD-1553 background. The U.S. Department of Defense (DOD) sets standards to be used and applied
by the military services and their contractors. A military standard is a document that establishes engineering
and technical requirements for processes, procedures, practices, and methods that have been adopted as
standard. One of these, MIL-STD-1553, "Digital Time Division Command/Response Multiplex Data Bus,” has
been in use since 1973 and is widely applied in military systems.

Because of its flexibility, MIL-STD-1553 has been used for many different design styles and implementations,
sometimes causing difficulties in compatibility, modification, or growth. This release of MIL-HDBK-1553
discusses designs and implementations that have proven themselves and are usable in a variety of
applications. This handbook should aid future designs by improving functionality and flexibility and decreasing
cost.

MIL-STD-1553 chronology. Development of a standard digital time-division multiplex data bus began in
early 1968 and has continued through the present with the latest revision (MIL-STD-1553B, Notice 2). The
Society of Automotive Engineers (SAE), Aerospace Branch, established a subcommittee of industry and
military personnel in 1968 to define some of the basic requirements of a serial data bus. This committee
maintained a continuing exchange of industry and military views on the subject of serial data buses. The
Multiplexing for Aircraft Committee (SAE-A2K) developed the first draft of a data bus standard. That draft
represented a mixture of military standard requirements and procurement specification requirements. Its
format allowed standardization on requirements that could be agreed upon and a slash sheet in the appendix
for requirements that appeared to be vehicle particular. This document represented the best that the industry
and the military could define at the time.

The benefit of this document was that it produced a sounding board for ideas. In this respect, it was successful
and provided that step forward required to develop-
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a. Air Force standard, MIL-STD-1553, "Aircraft Internal Time Division Command/Response Multiplex Data
Bus,” August 1973.

h. Navy specification, MIL-P81883, “Control Group, Electric Power, OK-XXX-(V)/A, General Specification
for,” May 1976.

During the years from inception of the SAE-A2K Committee to release of its first military documents, the
industry was designing and producing hardware for various multiplex systems. Some of these systems were
developed in the era prior to, or during development of, standardization (e.g., the F-15 and B-1A). The F-16
was the first to use the new Air Force MIL-STD-1553.

From 1973 to 1975 (when MIL-STD-1553A was released), both industry and the military (Air Force, Army, and
Navy) coordinated their efforts to determine the degree of standardization required. During this time, several
preliminary drafts of the Air Force and Navy documents were developed and industry comments were solicited
extensively.

By late 1974, the DOD had directed the services to develop a coordinated position and to make the necessary
revisions to MIL-STD-1553. Based on this effort, MIL-STD-1553A was released in April 1975. Since then,
industry and the military have continued to coordinate the standard through symposia, studies, and military
development programs. With the standard available, the industry and the military began to apply the data bus
to more operational vehicles and systems. However, as uses multiplied, it became apparent that there were
certain difficulties being encountered in application of MIL-STD-1553A.

Discussions concerning these difficulties were conducted between the SAE-A2K Committee and the DOD
Triservices Committee (the group responsible for controlling the military standard). These discussions
resulted in formation of an SAE task group (MIL-STD-1553 Update) in October 1976. The task group
assignment was to develop suggested changes to MIL-STD-1553A. Once again, comments were solicited
from industry and the military. These responses were extensive and involved foreign as well as domestic
equipment suppliers and users of the standard. From this base, the task group developed and presented the
proposed MIL-STD-1553B.

In October 1977, after reviewing and discussing suggested changes, the SAE-A2K Committee approved the
proposed revisions. These revisions were then provided to the DOD Triservices Committee in December
1977. In January 1978, the DOD Triservices Committee solicited industry commentson changes to MIL-STD-
1553A. Then, based on the recommended revisions and comments, the DOD Triservices Committee met on
several occasions and produced a draft of MIL-STD-15536.

The draft of MIL-STD-15536 was presented to the SAE task group in April 1978 for review and comment.
Following this review, one final meeting was held with task group members, in June 1978, during which a
verbal agreement was reached between the SAE task group and the Triservices Committee. From this verbal
agreement, final written approval was sought from the Triservices Committee. Upon receipt of the written
approvals, MIL-STD-1553B was released as an official document on 21 September 1978.

Historically, Notice 1 to MIL-STD-1553B (released 12 February 1980) is best viewed as an interim effort to
restrict the options in MIL-STD-1553B to a subset. On the other hand, Notice 2 (released 8 September 1986)
is best viewed as a compromise among the DOD services, industry, and foreign nations that have a strong
commitment to use MIL-STD-1553. It is written so that it supersedes Notice 1 but continues the same
philosophy of restriction of options. However, Notice 2 adds requirements or clarifies ambiguous require-
ments based on industry and DOD experience. More than 2 years of discussion preceded the release of
Notice 2.

MIL-STD-1553B is a standard and, except for electrical characteristic requirements, does not dictate

implementation. However, there are interoperability problems that were not solved by either Notice 2 of the
standard or the original version of MIL-HDBK-1553. In 1986, the Air Force instituted a validation testing
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procedure that would verify whether or not a design complied with MIL-STD-1553 requirements. This Air
Force initiative, developed by the SAE, resulted in the RT validation test plan. In all new systems, compliance
with the test plan (section 100 of this release of MIL-HDBK-1553) will likely be required. As of 1988, a BC
Validation Test Plan, a BC Production Test Plan and a System Test Plan have been developed. Additional
test plans are being developed, coordinated, and published by the SAE.

Handbook updates. The original release of MIL-HDBK-1553 was on 9 November 1984. Notice 1 to MIL-
HDBK-1553 added appendix A, “RT Validation Test Plan,” on 26 September 1986 (the rest of the handbook
was not changed at that time).

This release of MIL-HDBK-1553 reorganizes the information and updates design sections of the handbook.
Modifications are listed in table 10-1.

Table 10-1. MIL-HDBK-1553 Update Modifications

New section Original section Change/status
10 Introduction Sections 10/20 Revised
20 Commentary on MIL-STD-1553B, Section 70 Revised
and Notice 2
30 Terminal and System Specification None New section
Considerations
40 Media Design None New section
50 Terminal Design Section 40 Revised
60 System Design Sections 30/50 Revised
70 Multiplex System Examples Section 60 Updated
80 Parameter Formats Section 80 Updated
90 Comparison of MIL-STD-1553 Section 70 Updated
Versions and Notices
100  RT Validation Test Plan Appendix A Updated
Notice 1
110 Other Test Plans None New section
120 Definitions None New section
130 Index None New section
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20. COMMENTARY ON MIL-STD-1553B AND NOTICE 2

20.1 Commentary on MIL-STD-1553B.

Section 20.1 contains commentaries on paragraphs of MIL-STD-1553B (referred to in the commentary as

1553B). The standard is reprinted in bold type and indented, followed by comments on the paragraphs that

experience has shown require some clarification. (The comments are in normal type and full column width.)

Applicable figures from MIL-STD-1553B are reproduced for the reader’s convenience and are labeled “Figure
of 1553 B.”

Because Notice 2 to MIL-STD-1553B completely replaces Notice 1, there is no commentary on Notice 1. (A
comparison of 1553 versions is provided in Section 90.) Notice 2 commentary follows the 1553B commentary
(see 20.2). Whenever a 1553B paragraph was modified, supplemented, or restricted by Notice 2, the last
sentence of the commentary on the affected paragraph contains a reference to the Notice 2 change.

AIRCRAFT INTERNAL TIME DIVISION
COMMAND/RESPONSE MULTIPLEX DATA BUS
FOREWORD

This standard contains requirements for aircraft internal time division command/response
multiplex data bus techniques which will be utilized in systems integration of aircraft
subsystems. Even with the use of this standard, subtle differences will exist between
multiplex data buses used on different aircraft due to particular aircraft mission requirements
and the designer options allowed in this standard. The system designer must recognize this
fact, and design the multiplex bus controller hardware and software to accommodate such
differences. These designer selected options must exist so as to allow the necessary
flexibility in the design of specific multiplex systems in order to provide for the control
mechanism, architecture redundancy, degradation concept and traffic patterns peculiar to the
specific aircraft mission requirements.

1. SCOPE

1.1 Scope. This standard establishes requirements for digital, command/response, time
division multiplexing (Data bus) techniques on aircraft. It encompasses the data bus line and
its interface electronics illustrated on figure 1, and also defines the concept of operation and
information flow on the multiplex data bus and the electrical and functional formats to be
employed.

1.2 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 an aircraft weapon system or subsystem development. The contractor
is responsible for invoking all the applicable requirements of this Military Standard on any and
all subcontractors he may employ.

A primary goal of the standard is to provide flexibility without creating new hardware and software designs for
each new user. This is accomplished by specifying “use of” rather than “required to use” in the functional areas
and by specifying the electrical interfaces explicitly so that designs by different manufacturers are electrically
interchangeable and functionally compatible.

2. REFERENCED DOCUMENTS

2.1 Issue of document. The following document, of the issue in effect on date of invitation for
bid or request for proposal, forms a part of the standard to the extent specified herein.
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Figure 1 of 1553B. Sample Multiplex Data Bus Architecture

SPECIFICATION

MILITARY

MIL-E-8051 Electromagnetic Compatibility Requirements, Systems

(Copies of specifications, standards, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring
activity or as directed by the contracting officer.)

3. DEFINITIONS

3.1 Bit. Contraction of binary digit: maybe either zero or one. In information theory a binary
digit is equal to one binary decision or the designation of one or two possible values or states
of anything used to store or convey information.

3.2 Bit rate. The number of bits transmitted per second.

3.3 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.

3.4 Time division multiplexing (TDM). The transmission of information from several signal
sources through one communication system with different signal samples staggered in time
to forma composite pulse train.

3.5 Half duplex. Operation of a data transfer system in either direction over a single line, but
not in both directions on that line simultaneously.
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3.6 Word. In this document a word is a sequence of 16 bits plus sync and parity. There are
three types of words: command, status and data.

3.7 Message. A single message is the transmission of a command word, status word, and data
words if they are specified. For the case of a remote terminal to remote terminal (RT to RT)
transmission, the message shall include the two command words, the two status words, and
data words.

3.8 Subsystem. The device or functional unit receiving data transfer service from the data bus.

3.9 Data bus. Whenever a data bus or bus is referred to in this document it shall imply all the
hardware including twisted shielded pair cables, isolation resistors, transformers, etc.,
required to provide a single data path between the bus controller and all the associated remote
terminals.

3.10 Terminal. The electronic module necessary to interface the data bus with the subsystem
and the subsystem with the data bus. Terminals may exist as separate line replaceable units
(LRUs) or be contained within the elements of the subsystem.

This definition of terminal is intentionally broad. Terminals in 1553B have common operational characteristics,
as well as assigned roles in data bus operation. The three allowable roles are defined in 3.11, 3.12, and 3.13.
Common operational requirements of terminals aredescribed in 4.4.1 of 1553B. Note that the definition gives
designers complete freedom of functional partitioning of the operating parts of a terminal and that there is also
no restriction of physical partitioning.

3.11 Bus controller. The terminal assigned the task of initiating information transfers on the
data bus.

3.12 Bus monitor. The terminal assigned the task of receiving bus traffic and extracting
selected information to be used at a later time.

The purpose of a bus monitor is to monitor the data bus and record specified bus activity. Two basic roles
have been identified for the monitor in 4.4.4 of 1553B:

a. An off-line application including flight test recording, maintenance recording, or mission analysis.

b. A unique data bus terminal that provides an internal backup bus controller (BBC) function with sufficient
information to take over as the active BC in the event of a switchover or a failure of the active BC.

In each of these two roles, the bus monitor hardware may take the approach of having the performance
capability of a terminal (unique address) or it may take the approach of attaching itself to the data bus without
the knowledge of the other bus users (including the BC). In this second approach, no bus communication from
or to the bus monitor by the BC is possible. The bus monitor acts as a passive listener to the specified traffic
it is assigned to record. Obviously, the performance of a bus monitor requires the monitoring of the data bus
for command words, status words, and data words. From this monitoring, the specific message collection
process can occur during normal and abnormal (bus error and recovery) bus traffic. To aid in detecting these
words (command and status), the optional instrumentation bit (bit 10 in the status word and the associated
bit, bit 10 in the command word) maybe set to logic 0 and logic 1, respectively.

3.13 Remote terminal (RT). All terminals not operating as the bus controller or as a bus
monitor.

3.14 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.

20-3 Section 20



MIL-HDBK-1553A
1 November 1988

This definition refers to the electrical characteristic by which the timing of message bits in a word are decoded.
This use of asynchronous operation should not be confused with an asynchronous message that may interrupt
or suspend the transmission of synchronous (i.e., periodic) messages in an avionics system.

3.15 Dynamic bus control. The operation of a data bus system in which designated terminals
are offered control of the data bus.

3.16 Command/Response. Operation of a data bus system such that remote terminals receive
and transmit data only when commanded to do so by the bus controller.

3.17_Redundant data bus. The use of more than one data bus to provide more than one data
path between the subsystem, i.e., dual redundant data bus, tri-redundant data bus, etc.

The redundant data bus definition identifies a particular approach for obtaining multiple data paths to improve
message arrival probability. The use of a dual standby-redundant data bus is discussed in 4.6. Dual standby-
redundant is normaily defined as two 1553B buses (two twisted, shielded pair cables), each capable of com-
municating among the BCs and RTSs. in this mode, only one bus is active at any given time, except when
superseding commands are sent on the standby bus. Under this condition, the terminal responds to the most
recent command.

3.18 Broadcast. Operation of a data bus system such that information transmitted by the bus
controller or a remote terminal is addressed to more than one of the remote terminals
connected to the data bus.

The broadcast protocol allows a BC or RT to address more than one terminal connected to the system. To
do this, a dedicated terminal address (11111) is transmitted in the command word, and each RT withholds
the normal status word response.

3.19 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.

The mode codes (4.3.3.5.1.7) are used to help manage the information transfer system. Standardizing the
function and protocol of the mode codes eliminates the need for using user-defined commands to control the
bus and simplifies the job of the BC in managing the bus.

4. GENERAL REQUIREMENTS

4.1 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.

All 1553B requirements are in effect for the environmental range specified for the system. It is anticipated that
for most military applications, this will be described by MIL-E-5400, Class Il and some nuclear hardening
specifications; however, because of the diversity of environmental conditions, the standard does not specify
these requirements. The system designer must determine (from system specifications) the range of
environmental conditions over which the 1553B system is required to operate.

4.2 Data bus operation. The multiplex data bus system in its most elemental configuration
shall be as shown on figure 1. The multiplex data bus system shall function asynchronously
in a command/response mode, and transmission shall occur in a half-duplex manner. Sole
control of information transmission on the bus shall reside with the bus controller, which shall
Initiate all transmissions. The information flow on the data bus shall be comprised of
messages which are, in turn, formed by three types of words (command, data, and status) as
defined in 4.3.3.5.

Section 20 20-4



MIL-HDBK-1553A
1 November 1988

4 .3 Charateristics.

4.3.1 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 zeroes.

This freedom of form in formatting data word information gives the designer considerable independence in
defining data word formats. Refer to section 80, for guidance in this area.

4.3.2 Bit priority. The most significant bit 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
definea quantity shall be consistent with the resolution or accuracy required. In the event that
multiple precision quantities (information accuracy or resolution requiring more than 16 bits)
are transmitted, the most significant bits shall be transmitted first, followed by the word(s)
containing the lesser significant bits in numerical descending order. Bit packing of multiple
quantities in a single data word is permitted.

Bit packing is used to improve transmission efficiency when subsystem data contain less than 16 bits of
information per parameter (e.g., each datum may be a single bit, which is common for status information). MIL-
STD-1553B allows the system to assemble several such data parameters into a single 1553B data word.
Packing data into fewer words decreases the bus loading; however, it increases the amount of conversion
done by the receiving subsystem.

4.3.3 Transmission method.

4.3.3.1 Modulation. The signal shall be transferred over the data bus in serial digital pulse
code modulation form.

4.3.3.2 Data code. The data code shall be Manchester Il hi-phase level. A logic one shall be
transmitted as a bipolar coded signal 1/0 (i.e., a positive pulse followed by a negative pulse).
A logic zero shall be a bipolar coded signal 0/1 (i.e., a negative pulse followed by a positive
pulse). A transition through zero occurs at the midpoint of each bit time (see figure 2).

4.3.3.3 Transmission bit rate. The transmission bit rate on the bus shall be 1.0 megabit per
second with a combined accuracy and long-term stability of + 0.1 percent (i.e., t 1000 Hz)). The

shl%rg-lt_'er)m stability (i.e., stability over 1.0 second interval) shall beat least 0.01 percent (i.e.,
* Z).

4.3.3.4 Word size. The word size shall be 16 bits plus the sync waveform and the parity bit for
a total of 20 bits times as shown on figure 3.

The 20-bit word size was selected because it represented the minimum number of bits in a word when 16 bits
of data, a three-bit invalid Manchester sync pattern, and a single parity bit are used. The three-bit sync pattern
is described in 4.3.3.5.1.1.

493.3.5 Word formats. The word formats shall be as shown on figure 3 for the command, data,
and status words.

Three types of words are allowed: command, data, and status. Each is 20 bits long, including 16 bits of
information, a three-bit sync pattern, and a one-bit parity. The command word contains the address of the
terminal, a T/R bit set to indicate whether the terminal is to transmit or receive, the subaddress/mode field,
and the word count/mode code. The subaddress is a pointer to the data in the terminal subsystem, and the
word count indicates the number of words (up to 32). If the subaddress/mode field is all ones or zeros, this
is a flag to indicate that the word count/mode code is a code. Therefore, a mode code maybe transmitted to
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the terminal by the command word. The status word contains the terminal address and status bits. The
command word format is discussed in 4.3.3.5.1, the data word format in 4.3.3.5.2, and the status word format
in 4.3.3.5.3.

4.3.3.5.1 Command word. A command word shall be comprised of a sync waveform, remote
terminal address field, transmit/receive (T/R) bit, subaddress/mode field, word count/mode
code field, and a parity (P) bit (see figure 3).

The command word format is used to control and manage the information transfer system. Each portion of
the command word is discussed in 4.3.3.5.1.1 through 4.3.3.5.1.7.17.

4.3.3.5.1.1 Sync. The command sync waveform shall bean invalid Manchester waveform as
shown on figure 4. The width shall be three bit times, with the sync waveform being positive
for the first one and one-half bit times, 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.

4.3.3.5.1.2 Remote terminal address. The next five bits following the sync shall be the RT
address. Each RT shall be assigned a unique address. Decimal address 31 (11111) shall not
be assigned as a unique address. In addition to its unique address, a RT shall be assigned
decimal address 31 (11111) as the common address, if the broadcast option is used.

Each RT will be assigned a unique address that it will respond to when that address is transmitted as part of
a command word on the data bus by the active BC. Only one RT address cannot be assigned as a unique
address—decimal address 31. This address has been assigned to all RTs as the common address for
receiving broadcast data if the system uses the broadcast option.

The broadcast mode provides a mechanism for transmitting information to multiple RTs simultaneously with
a single message. This is accomplished by reserving address 31 (11111) for broadcast messages. When
a broadcast message is transmitted, the BC will use address 31 rather than a unique terminal address.

When an RT receives a broadcast message, the status word must not be transmitted in order to prevent

simultaneous transmissions on the bus. With restrictions, broadcast messages can be used with subad-
dresses and mode codes.

+ Vvolts —_——

- volts —_——

Databit Word sync Data bit

Figure 4 of 1553B. Command and Status Syn chronization
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Indiscriminate use of the broadcast technique is not advisable. If used, it adds a failure mode to the system
whenever a terminal in a failure mode uses address 31 for a message. Designers must question the benefit
of discarding the command-response format, in which all message completion failures are known to the BC,
to gain the benefits described below.

Proper use of the broadcast mode may yield several benefits:

a. Multiple terminals can be communicated with simultaneously, thereby permitting time synchronization of
data or commands.

b. Bus duty cycle can be reduced by transmitting data required by multiple users simultaneously instead of
sequentially. This also may reduce computer algorithm complexities because the broadcast mode would
eliminate time skewing of the data among users.

c. Some error management can be enhanced by providing a single address by which all terminals can
receive commands simultaneously. This would permit the BC to immediately command a state for the
system rather than polling each unit individually with the same command in a serial fashion.

The broadcast message capability can reduce bus use considerably. This is particularly true for systems using
multiple units for redundancy or systems dependent on parallel processing, thus requiring simultaneous data
arrival at the processing units. As noted in 10.6 of the appendix, improper use of the broadcast format can
result in undesirable system operation.

Since no status word response is allowed from the receiving terminal, discretion must be exercised when
applying the capability. To provide message arrival verification, a bit in the status word is set when a valid
broadcast message is received. This allows reporting of the reception if requested by the active BC using the
transmit status word mode code.

In error situations, it may be advisable for the BC to request the last command word mode code to verify that
the broadcast command was received. Asking for the last command word first preserves the last status word
(i.e., the terminal does not reset or update status). In addition to data transfers, the ability to transmit a
broadcast command message provides an effective method for managing the data bus system. This
capability is performed using the broadcast address in combination with mode commands.

For dual standby-redundant systems, Notice 2 has additional requirements for RT addresses (see 30.3 and
30.6).

4.3.3.5.1.3 Transmit/receive. 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.

The transmit/receive (T/R) bit in the command word indicates the source of data flow in the information transfer
system.

4.3.3.5.1.4 Subaddress/mode.The next five bits following the R/T bit shall be utilized to
indicate an RT subaddress or use of mode control, as is dictated by the individual terminal re-
quirements. The subaddress/mode values of 00000 and 11111 are reserved for special
purposes, as specified in 4.3.3.5.1.7, and shall not be utilized for any other function.

The subaddress/mode field has two functions:

a. ldentifies the subaddress of specific messages to or from an RT.
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b. Indicates that a mode command for the information transfer system is being transmitted.

The use of either 00000 or 11111 in the subaddress/mode field will be decoded to indicate that a mode
command is present in the next five-bit field. This limits the number of unique RT subaddresses to 30. If the
instrumentation bit (see 4.3.3.5.3) is implemented, the RT will be limited to 15 unique subaddresses. The
requirements for use of the instrumentation bit are in 4.3.3.5.3.4.

For dual standby-redundant systems, Notice 2 adds a recommendation for a data wraparound command for
a transmit and receive subaddress (see 30.7). Notice 2 also states that an RT shall be capable of responding
to both 00000 and11111 subaddress/mode codes and that the mode code indicators will not convey different
information.

4.3.3.5.1.5 Data word count/mode code. The next five bits following the subaddress/mode
field shall be the quantity of data words to be either sent out or received by the RT or the
optional mode code as specified in 4.3.3.5.1.7. A maximum of 32 data words may be
transmitted or received in any one message block. All 1's shall indicate a decimal count of 31,
and all 0's shall indicate a decimal count of 32.

The dual function of this field provides for identifying message lengths for data messages or for mode codes.
The five-bit field allows up to 32 data words to be transmitted in a message or 32 specific mode codes. A word
count of one is represented logically as 00001. All zeros is defined as a word count of 32.

4.3.3.5.1.6 Parity. The last bit in the word shall be used for parity over the preceding 16 bits.
Odd parity shall be utilized.

The use of a single parity bit per word was provided to identify bit errors occurring during the transmission and
detection of a word. According to 10.4, “Theoretical and empirical evidence indicates that an undetected bit
error rate of 10 can be expected from a practical multiplex system built to this standard.” Also see 4.5.2.1.2.4
for the noise test.

4.3.3.5.1.7 Optional mode control. For RT’s exercising this option a subaddress/mode code
of 00000 or 11111 shall imply that the contents of the data word count/mode code field 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 beset 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 blt
shall indicate the direction of data word flow as specified in 4.3.3.5.1.3. No multiple data word
transfer shall be implemented with any mode code. The mode codes are reserved for the
specific functions as specified in table | and shall not be used for any other purposes. If the
designer chooses to implement any of these functions, the specific codes, T/R bit assign-
ments, and use of a data word, shall be used as indicated. The use of the broadcast command
option shall only be applied to particular mode codes as specified in table I.

The basic philosophy of the information transfer system is that it operates as a transparent communication
link. “Transparent” means that an application’s function does not need to be involved with the management
of communication control. Obviously, the information transfer system requires management that introduces
overhead into the transmission of data. The overhead consists of command words, status words, response
times, and intermessage gaps. Within the command word, the mode codes provide data bus management
capability. The mode codes have been divided into the two groups listed in table | of 1553B:
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Transmit- Broadcast
receive Mode Associated command
bit code Function data word allowed
1 00000 Dynamic bus control No No
| 00001 Synchronize No Yes
1 00010 Transmit status word No No
1 00011 Initiate self-test No Yes
1 00100 Transmitter shutdown No Yes
1 00101 Override transmitter shutdown No Yes
1 00110 Inhibit terminal flag bit No Yes
1 00111 Override inhibit terminal flag bit No Yes
1 01000 Reset remote terminal No Yes
1 01001 Reserved No TBD
1 01111 Reserved No TBD
1 10000 Transmit vector word Yes No
0 10001 Synchronize Yes Yes
1 10010 Transmit last command Yes No
1 10011 Transmit BIT word Yes No
0 10100 Selected transmitter shutdown Yes Yes
0 10101 Override selected transmitter shutdown Yes Yes
lor0 10110 Reserved Yes TBD
lorO 11111 Reserved Yes TBD

TBD: To be defined

Table | of 1553B. Assigned Mode Codes

a. Mode codes without a data word (00000-01111).
b. Mode codes with a data word (10000-11111).

The use of bit 15 in the command word (i.e., the MSB of the data word count/mode code field) to identify the
two types was provided to aid in the decoding process. Also, the use of a single data word instead of multiple
data words was adopted to simplify the mode circuitry. Generally, with these two types of mode commands,
all management requirements of an information transfer system can be met.

Mode code messages are indicated when the subaddress/mode field in the command word is set to 00000
or 11111. (In either case, decimal subaddress 32 is defined to be equal to binary 00000 so that decimals 1
through 31 correspond to binary 00001 through 11111.) All control messages originate with the active BC and
are received by a single receiver or by multiple receivers (broadcast). A terminal address value of 31 (11111)
in the command word indicates a broadcast message, while any other terminal address identifies a unique
message to a terminal on the bus. The mode command information is contained completely in the mode code/
word count field of the command word.

Table | of 1553B should be studied carefully to see the symmetry of the mode codes. The first 16 codes are
not transmitted with a data word, the last 16 are. It is inappropriate to broadcast some of the mode codes
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because of the possibility of bus crashes—simultaneous transmission by two or more terminals. (Requests
for transmissions from RTs are examples.) Also, broadcast of dynamic bus control is inappropriate. The T/
R bit is important for mode codes 17 to 31 because it defines whether the BC or the RT is to transmit the
associated data word.

Assignment of mode codes is arbitrary with respect to early versions of 1553, which defined dynamic bus
control and the separation of mode commands with and without data words. The purpose of reserved mode
commands in each category (with and without data words) is important because it allows for controlled
expansion of the standard. By controlling the mode command number and its definition, commonality among
various terminals can be maintained. Each mode command is identified in table 1. All other mode codes
are considered illegal commands. The message formats associated with mode commands are shown in
figure 20-1.

Notice 2 specifies a minimum set of mode codes for implementation in RTs and requires BCs to have the
capability to implement all of the mode codes (see 30.4.2).

4.3.3.5.1.7.1 Dynamic bus control. The controller shall issue a transmit command to an RT
capable of performing the bus control function. This RT shall respond with a status word as
specified in 4.3.3.5.3. Control of the data bus passes from the offering bus controller to the
accepting RT upon completion of the transmission of the status word by the RT. If the RT
rejects control of the data bus, the offering bus controller retains control of the data bus.

The dynamic bus control mode command (00000) is provided to allow the active BC a mechanism (using the
information transfer system message formats) for offering a potential BC (operating as a RT) control of the
data bus. Only the single-receiver command request (unique address) is allowed to be issued by the active
BC. The response to this offering of bus control is provided by the receiving RT using the dynamic bus control
acceptance bit in the status word (4.3.3.5.3). Rejection of this request by the RT requires the presently active
BC to continue offering control to other potential controllers or remain in control. When a RT accepts control
of the data bus system by setting the dynamic bus control acceptance bit in the status word, control is
relinquished by the presently active BC, and the potential BC begins bus control.

Note that the foregoing sequence requires software (or firmware) implementation in all BCS. (Notice 2
prohibits the BC from ever issuing this mode command for Air Force applications.)

4.3.35.1.7.2 Synchronize (without data word). This command shall cause the RT to
synchronize (e.g., to reset the internal timer, to start a sequence, etc.). The RT shall transmit
the status word as specified in 4.3.3.5.3.

4.3.3.5.1.7.12 Synchronize (with data word). The RT shall receive a command word followed
by a data word as specified in 4.3.3.5.2. The data word shall contain synchronization
information for the RT. After receiving the command and data word, the RT shall transmit the
status word as specified in 4.3.3.5.3.

The above two mode codes are used to inform the terminals of an event time to allow coordination among the
active BC and receiving terminals. Synchronization information may be implicit in the command word (mode
code 00001), or a data word (mode code 10001) may be used following the command word to provide the
synchronization information. If a data word is used, bit definitions are the responsibility of the system designer.

4.3.3.5.1.7.3 Transmit status word. This command shall cause the RT to transmit the status
word associated with the last valid command word preceding this command. This mode
command shall not alter the state of the status word.
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Basically, this mode command causes the RT to transmit only the status word associated with the previous
valid command. In other words, the RT should respond with the same status word that it transmitted for the
last received valid command (not counting the transmit status word mode code).

The status word associated with this mode code (00010) is shown in figure 3 of 1553B and contains the same
information as the status word defined in 4.3.3.5.3. Notice 2 (30.5.1) states that the RTstatus word transmitted
by an RT shall contain valid information at all times, e.g., following RT power-up, during initialization, and
during normal operation.

If the BC needs both the last status word and the command word, the transmit last command word mode
command will provide both without updating the status word.

4.3.3.5.1.7.4 Initiate self-test. This command shall be used to initiate self-test within the RT.
The RT shall transmit the status word as specified in 4.3.3.5.3.

The initiate self-test mode command (00011) is provided to initiate built-in test (BIT) circuitry within RTs. The
mode code is usually followed (after sufficient time for test completion) by a transmit BIT word mode command
that yields the results of the test. The message formats provided for this mode command allow for both
individual requests and multiple requests. Notice that the initiate self-test mode command is associated with
multiplex system terminal hardware only.

For dual standby-redundant systems, Notice 2 contains additional requirements and definitions (see 30.4.4).

4.3.3.5.1.7.14 Transmit built-in-test (BIT) word. This command shall cause the RT to transmit
its status word as specified in 4.3.3.5.3 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
subsystem(s).

The transmit BIT word mode command (10011) provides the BIT results available from a terminal, as well as
the status word. Obviously, broadcast by BCs of this command is not allowed. The internal contents of the
BIT data word are provided to supplement the appropriate bits already available via the status word for
complex terminals. Notice that the BIT word within the RT “...shall not be altered by the reception of a transmit
last command or transmit status word mode code” received by the terminal. This allows error handling and
recovery procedures to be used without changing the error data recorded in this word. However, the RT will
only save the last command, and the status code field (of the status word) will not be changed, if transmit last
command or transmit status word mode commands are transmitted. If, however, any other transmissions are
made to the RT, the status code field may change, for example if a message error occurred during the
transmission. (See 4.3.3.5.1.7.3 and 4.3.3.5.1.7.13.)

Also, note that the function of transmitting RT BIT data“... shall not be used to convey BIT data from the
associated subsystem (s).”

Subsystem fault investigation, when indicated by the subsystem flag, is not specified or otherwise restricted
by 1553B. Therefore, system designers must make the necessary provisions.

4.3.3.5.1.7.5 Transmitter shutdown. This command (to only be used with dual redundant bus
systems) shall cause the RT to disable the transmitter associated with the redundant bus. The
RT shall not comply with a command to shut down a transmitter on the bus from which this
command is received. In all cases, the RT shall respond with a status word as specified in
4.3.3.5.3 after this command.
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4.3.3.5.1.7.6 Override transmitter shutdown. This command (to onIy_be used With dual
redundant bus system) shall cause the RT to enable a transmitter which was previously

disabled. The RT shall not comply with a command to enable a transmitter on the bus from
which this command is received. In all cases, the RT shall respond with a status word as
specified in 4.3.3.5.3 after this command.

transmitter associated with a specified redundant data bus. The command is designed for use
with systems employing more than two redundant buses. The transmitter that is to be
disabled shall be identified in the data word following the command word in the format as
specified in 4.3.3.5.2. The RT shall not comply with a command to shutdown a transmitter on
the bus from which this command is received. In all cases, the RT shall respond with a status
word as specified in 4.3.3.5.3.

4.3.3.5.1.7.16 Override selected shutdown. This command shall cause the RT to
enable a transmitter which was previously disabled. The command is designed for use with
systems employing more than two redundant buses. The transmitter that is to be enabled
shall be identified in the data word following the command word in the format as specified in
4.3.3.5.2. The RT shall not comply with a command to enable a transmitter on the bus from
which this command is received. In all cases, the RT shall respond with a status word as
specified in 4.3.3.5.3.

Four mode commands are provided to control transmitters associated with terminals in a system. These
commands can be sent to a single receiver or broadcast to multiple users.

The transmitter shutdown mode code (00100) is used in a dual standby-redundant bus structure where the
command causes the transmitter associated with the redundant bus to terminate transmissions. No data word
is provided for this mode. Note that 1553B does not specify whether or not to disable the receiver when the
transmitter is disabled. If the receiver is left active, the RT may accept data it receives without the benefit of
being able to respond if its bus is shut down. To disable both transmitters on an RT, the receivers must remain
active. The option to disable the receiver for this mode code is left to the designer.

The override transmitter shutdown mode code (00101) is used in a dual standby-redundant bus structure
where the command allows the previously disabled transmitter associated with the redundant bus to transmit
when commanded by a normal bus command initiated by the active BC. No data word is provided for this mode
code.

The selected transmitter shutdown mode code (10100) is used in a multiple (greater than two) redundant bus
structure where the command causes the selected transmitter to terminate transmissions on its bus. A data
word is used to identify the selected transmitter.

The override-selected transmitter shutdown mode code (10101) is used in a multiple (greater than two)
redundant bus structure. This mode code allows the selected transmitter to transmit on its bus when a normal
bus mode command is initiated by the active BC. A data word is used to identify the selected transmitter.

4.3.3.5.1.7.7 Initial terminal flag (T/F) bit. This command shall cause the RT to set the T/F bit
in the status word specified in 4.3.3.5.3 to logic zero until otherwise commanded. The RT shall
transmit the status word as specified in 4.3.3.5.3.

The inhibit terminal flag (T/F) mode code (00110) is used to set the T/F bit in the status word to an unfailed
condition, regardless of the actual state of the terminal being addressed. This mode code is used primarily
to prevent continued interrupts of the error handling and recovery system when the failure has been noted and
the system reconfigured as required. This mode code prevents reporting of the future failures that normally
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would be reported using the T/F in each subsequent status word response. The message format associated
with the mode code allows for both single receivers and multiple receivers to respond. No data word is required
with this mode code. Note that the T/F is implicitly limited to faults within the terminal.

4.3.3.5.1.7.8 Qverride inhibit T/F bit. This command shall cause the RT to override the inhibit
T/F bit specified in 4.3.3.5.1.7.7. The RT shall transmit the status word as specified in 4.3.3.5.3.

The override inhibit T/F mode code (00111) negates the inhibit function thus allowing the T/F bit in the status
response to report the current condition of the terminal. This mode code can be transmitted by the active BC
to both single and multiple receivers. There is no data word associated with this mode code.

4.3.3.5.1.7.9 Reset remote terminal. This command shall be used to reset the RT to a power
up initialized state. The RT shall first transmit its status word, and then reset.

The reset remote terminal mode code (01000) causes the addressed terminal to reset itself to a power-up
initialized state. This mode code may be transmitted to either individual or multiple terminals.

For dual standby-redundant systems, Notice 2 contains additional requirements and definitions for this mode
code (see 30.4.3).

4.3.3.5.1.7.9 Transmit vector word. This command shall cause the RT to transmit a status
word as specified in 4.3.3.5.3 and a data word containing service request information.

The transmit vector word mode code (10000) is associated with the service request bit in the status word and
is used to determine specific service being required by the terminal. The service request bit and the transmit
vector word are the only means available (using 1553 protocol) for the terminal to request the scheduling of
an asynchronous message if the terminal has more than one service request. The message format for this
single receiver operation contains a data word associated with the response of the terminal. Figure 20-2
illustrates the message formats associated with this mode command.

4.3.3.5.1.7.13 Transmit last command word. This command shall cause the RT to transmit its
status word as specified in 4.3.3.5.3 followed by a single data word which contains bits 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.

The transmit last command mode code (10010) is used in the error handling and recovery process to
determine the last valid command received by the terminal, except for this mode code. The message format
associated with the single receiver last command word contains a data word from the responding terminal.
The data word contains the 16 bits of the last valid command word received. Notice that this mode command
will not alter the state of the RT status word. This fact allows this mode command to be used in error handling
and recovery operations without affecting the status word, which can have added error data.

4.3.3.5.1.7.10 Reserved mode codes (01001 to 01111). These mode codes are reserved for

future use and shall not be used.

4.3.3.5.1.7.17 Reserved mode codes (10110 to 11111). These mode codes are reserved for
future use and shall not be used.

Each of the mode code types (with and without data words) have several unused mode codes that are reserved
for future use and may not be used in any systems complying with any version of the standard.

4.3.3.5.2 Data word. A data word shall be comprised of a sync waveform, data bits, and a parity
bit (see figure 3).
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Figure 5 of 1553B. Data Sync

Figure 3 of 1553B illustrates the 1553B data word.

4.3.3.5.2.1 Sync. The data sync waveform shall be an invalid Manchester waveform as shown
on figure 5. The width shall be three bit times, with the waveform being negative for the first
one and one-half bit times, and then positive for the following one and one-half bit times. Note
that if the bits preceding and following the sync are logic ones, then the apparent width of the
sync waveform will be increased to four bit times.

4.3.3.5.2.2 Data. The sixteen bits following the sync shall be utilized for data transmission as
specified in 4.3.2.

4.3.3.5.2.3 Parity. The last bit shall be utilized for parity as specified in 4.3.3.5.1.6.
Data words are used to transmit parameter data, which is the goal of the information transfer system. Data
words are distinguished from command and status words by the inverted three-bit sync pattern. Both packed
and unpacked data may be transmitted in the 16-bit data field. Odd parity on the data field provides data
integrity identical to the command and status word formats.
4.3.3.5.3 Status word. A status word shall be comprised of a sync waveform, RT address,
message error bit, instrumentation bit, service request bit, three reserved bits, broadcast
command received bit, busy bit, subsystem flag bit, dynamic bus control acceptance bit,
terminal flag bit, and a parity bit. For optional broadcast operation, transmission of the status
word shall be suppressed as specified in 4.3.3.6.7.

4.3.3.5.3.1 Sync. The status sync waveform shall be as specified in 4.3.3.5.1.1.

RT which is transmitting the status word as defined in 4.3.3.5.1.2.

The status word is part of the basic overhead requirements of the data bus system. The status word is shown
in figure 3 of 1553B and is divided into the following fields:

a. Sync (same as command sync).

b. Remote terminal address.
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c. Status.
d. Parity(P).

A five-bit field identifies the transmitting (remote) terminal address, while remote terminal status is based on
data in the status field, which consists of the following information:

a. Message error bit.

b. Instrumentation bit.

c. Service request bit.

d. Reserved field (3 bits).

e. Broadcast command received bit.

f. Busy hit.

g. Subsystem flag bit.

h. Dynamic bus control acceptance bit.
i. Terminal flag bit.

Notice 2 has additional requirements for the status word of dual standby-redundant systems (see 30.5.1).

to indicate that one or more of the data words associated with the preceding receive command
word from the bus controller has failed to pass the RT's validity tests as specified in 4.4.1.1.
This bit shall also beset under the conditions specified in 4.4.1.2, 4.4.3.4 and 4.4.3.6. A logic
one shall indicate the presence of a message error, and a logic zero shall show its absence.
All RT's shall implement the message error bit.

The key to understanding the message error (ME) bit lies in 4.4.3.6. First, the command word must be valid
and have the RT's assigned address. Then, if there is a data word validity problem or any words are not
contiguous, the ME bit is set to a logic 1 in the status word but the status word is not transmitted. The ME bit
can be obtained by using either of the two mode commands: transmit status or transmit last command. The
only time the ME bit is set and the status word is transmitted in response to valid receive or transmit commands
is per the illegal command detection response of 4.4.3.4.

4.3.3.5.3.4 Instrumentation bit. The status word bit time of 10 (see figure 3) shall be reserved
for the instrumentation blt and shall always be a logic O. This bit Is intended to be used in
conjunction with a logic one in blt time 10 of the command word to distinguish between a
command word and a status word. The use of the instrumentation bit is optional.

The instrumentation bit in the status field is used to distinguish the status word from the command word.
Since the sync field (three bits) is used to distinguish the command and status words from a data word, a
mechanism to distinguish command and status is provided by the instrumentation bit. By setting this bit to
logic 1 for the command word and to a logic O for all other conditions, the command and status words are
identifiable. If used, this approach reduces the possible subaddress in the command word to 15 and requires
subaddress 31 (11111) to be used to identify mode commands. In any case, the bit will remain set to logic
0 in the status word for all conditions.
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4.3.3.5.3.5 Service reauest bit. The status word bit at bit time eleven (see figure 3) shall be
reserved for the service request bit. The use of this bit is optional. This bit when used, shall
indicate the need for the bus controller to take specific predefine actions relative to either the
RT or associated subsystem. Multiple subsystems, interfaced to a single RT, which individu-
ally 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 iogic 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.

The service request bit is provided to indicate to the active BC that a RT is requesting service. When this hit
in the status word is set to logic one, the active BC may take a predetermined action or use a mode command
(transmit vector word) to identify the specific request. The message format for acquiring this is discussed
under transmit vector word mode command (figure 20-2).

4.3.3.5.3.6 Reserved status bits. The status word bits at bit times tweive through fourteen are
reserved for future use and shall not be used. These bits shall beset to a logic zero.

The three-hit field (12-14) is reserved; it cannot be used in any system that complies with the standard and
must be set to logic zero.

4.3.3.5.3.7 Broadcast command received bit. 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 broadcast command option
is not used, this bit shall be set to a logic zero.

The broadcast command received bit is set to logic one when the preceding valid command word was a
broadcast command (address 31). Since broadcast message formats require the receiving RTs to suppress
their status words, the broadcast command received bit is set to identify that the command was received
properly. The message format shown in figure 20-3 can be used to check the validity of the broadcast
message. The broadcast command received bit will be reset when the next valid command is received by the
RT, unless the next valid command is transmit status word or transmit last command.

4.3.3.5.3.8 Busv bit. The status word bit at bit time sixteen (see figure 3) shall be reserved for
the busy bit. The use of this bit is optional. This bit, when used, shaii indicate that the RT or
subsystem is unable to move data to or from the subsystem in compliance with the bus
controller’s command. A logic one shall indicate the presence of a busy condition, and a logic
zero its absence. in the event the busy bit is set in response to a transmit command, then the
RT shall transmit its status word only. If this function is not implemented, the bit shall be set
to logic zero.

The busy bit in the status word is set to logic one to indicate to the active BC that the RT is unable to move
data to or from the subsystem in compliance with the BC command. An example of the message format
associated with a busy condition is shown in figure 20-4. A busy condition can exist within a RT at any time
causing it to be nonresponsive to a command to send data or to be unable to receive data. This condition can
exist for all message formats. In each case except the broadcast message formats, the active BC will
determine the busy condition immediately upon status response. In the case of the broadcast message
formats, this information will not be known unless the receiving terminals are polled after the broadcast
message requesting their status. If the status word has the broadcast received bit set, the message was
received and the terminal was not busy.
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For dual standby-redundant systems, Notice 2 has additional requirements for the busy bit implementation
(see 30.5.3).

4.3.3.5.3.9 Subsystem flag bit. The status word bit at bit time seventeen (see figure 3) shall
be reserved for the subsystem flag bit. The use of this bit is optional. This bit, when used, shall
flag a subsystem fault condition, and alert the bus controller to potentially invalid data.
Multiple subsystems, interfaced to a single RT, which individually require a subsystem flag
bit 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 reporting subsystem. 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 logic zero.

The subsystem flag bit is provided to indicate to the active BC that a subsystem fault condition exists and that
data being requested from the subsystem may be invalid. The subsystem flag maybe set in any transmitted
status word.

4.3.3.5.3.10 Dynamic bus control acceptance bit. The status word bit at bit time eighteen (see
figure 3) shall be reserved for the acceptance of dynamic bus control. This bit shall be used
if the RT implements the optional dynamic bus control function. This bit, when used, shall
indicate acceptance or rejection of a dynamic bus control offer as specified in 4.3.3.5.1.7.1. A
logic one shall indicate acceptance of control, and a logic zero shall indicate rejection of
control. If this function is not used, this bit shall be set to logic zero.

This bit is provided to indicate the acceptance by an RT of the bus control offer by the presently active BC to
become the next BC. The offer of bus control occurs when the presently active BC has completed its
established message list and issues a dynamic bus control mode command to the RT that is to be the next
potential controller. To accept the offer, the potential BC sets its dynamic bus control acceptance bit in the
status word and transmits the status word. The establishment of who the next potential controller will be is
a system issue.

4.3.3.5.3.11 Terminal flat bit. The status word bit at bit time nineteen (see figure 3) shall be
reserved for the terminal flag function. The use of this bit is 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 logic zero.

The T/F bit is set to a logic one to indicate a fault within the RT. This bit is used in connection with three mode
commands:

a. Inhibit terminal flag.
b. Override inhibit terminal flag.
c¢. Transmit BIT word.

The first two mode commands deactivate and activate the functional operation of the bit. The transmit BIT
word mode command is used to acquire more detailed information about the terminal failure.

4.3.3.5.3.12 Parity bit. The least significant bit in the status word shall be utilized for parity
as specified in 4.3.3.5.1.6.

The use of a single parity bit per word was provided to identify any bit errors occurring during the transmission
and detection of a word. This odd parity check will detect an odd number of bit errors occurring in a word. This
requirement produces an undetected bit error rate of 10, which was considered satisfactory for a general-
purpose information transfer system. (See also 4.3.3.5.1.6 of 1553B.)
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4.3.3.5.4 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 4.3.3.5.1.7. 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.

Figure 3 of 1553B shows the status word and the information available in this field. The reason for the reset
definition is to provide:

a. The ability to obtain the latest status information of the RT. This prevents conditions from being reported
for longer than they actually exist.

b. The ability to obtain the status code analysis of the results for a previous valid command. This allows
orderly error handling and recovery by the BC using the with error analysis data contained within this field
or other data associated within the RT (e.g., last command word and BIT).

A reason for obtaining a status word that has not been reset was discussed in 4.3.3.5.1.7.3. Even though all
mode codes are referenced in 4.3.3.5.4, only two are required to retain the last status word in the terminal:

a. Transmit status word.
b. Transmit last command word.

In other words, all other valid messages received, including mode commands, will allow the RT to reset the
status word, except these two.

Both of these mode codes can be transmitted to the RT without changing the bits in the status code field of
the last valid command word in question. Therefore, it is essential that an error recovery procedure be
established for the BC that takes into account (1) the ability of the RT hardware to collect error data, (2) the
information transfer formats that must be implemented by the BC to prevent loss of data, and (3) the ability
of the BC hardware and software to receive and react to these data. As many as three mode codes maybe
involved in this process:

a. Transmit last command.
b. Transmit status word.
c. Transmit BIT word.

4.3.3.6 Message formats. The messages transmitted on the data bus shall be in accordance
with the formats on figures 6 and figure 7. The maximum and minimum response times shall
be as stated in 4.3.3.7 and 4.3.3.8. No message formats, other than those defined herein, shall
be used on the bus.

For dual standby-redundant systems, as a minimum, Notice 2 requires that the RTs be capable of RT-to-BC,
BC-to-RT, and RT-to-RT transfers, as well as mode command (without data word) transfers (see 30.8).

The command response protocol provides for two types of message formats: data messages and control
messages. The 1553B paragraphs pertaining to data messages will be discussed first.

4.3.3.6.1 Bus controller to remote terminal transfers. The bus controller shall issue a receive
command followed by the specified number of data words. The RT shall, after message
validation, transmit a status word back to the controller. The command and data words shall
be transmitted in a contiguous fashion with no interword gaps.
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4.3.3.6.2 Remote terminal to bus controller transfers. The bus controller shall issue a transmit
command to the RT. The RT shall, after command word validation, transmit a status word back

to the bus controller, followed by the specified number of data words. The status and data
words shall be transmitted in a contiguous fashion with no interword gaps.

4.3.3.6.3 Remote terminal to remote terminal transfers. The bus controller shall issue a
receive command to RT A followed contiguously by a transmit command to RT B. RT B shall,
after command verification, transmit a status word followed by the specified number of data
words. The status and data words shall be transmitted in a contiguous fashion with no gap.
At the conclusion of the data transmission by RT B, RT A shall transmit a status word within
the specified time period.

4.3.3.6.7 Optional broadcast command. See 10.6 for additional information on the use of the
broadcast command.

4.3.3.6.7.1 Bus controller to remote terminal(s) transfer (broadcast) . The bus controller shall

issue a receive command word with 11111 in the RT address field followed by the specified
number of data words. The command word and data words shall be transmitted in a
contiguous fashion with no gap. The RT(s) with the broadcast option shall after message
validation, set the broadcast command received bit in the status word as specified in
4.3.3.5.3.7 and shall not transmit the status word.

4.3.3.6.7.2 Remote terminal to remote terminal(s) transfers (broadcast). The bus controller

shall issue a receive command word with 11111 in the RT address field followed by a transmit
command to RT A using the RT's address. RT A shall, after command word validation, transmit
a status word followed by the specified number of data words. The status and data words shall
be transmitted in a contiguous fashion with no gap. The RT(s) with the broadcast option,
excluding RT A, shall after message validation, set the broadcast received bit in the status
word as specified in 4.3.3.5.3.7 and shall not transmit the status word.

The above message formats are used to transfer data among the subsystems. There are two data message
types: single receiver and multiple receiver. They are transmitted as follows:

a. Single receiver.

1. BC to RT—Typically, this type of data transfer is related to the role of the processor that has the bus
control function (e.g., a mission computer may have the requirement to be the data source for
subsystems).

2. RT to BC-This type of data transfer is used to get data to the BC.
3. RT to RT—The BC does not need to receive and retransmit all data, even though it is in control of the
bus. An important class of data transfers is the direct transfer of data from one RT to another, which

can be used if the processor that contains the BC is not involved in processing the data and if data
reformatting is not required. The BC may monitor the RT-to-RT transmission and thus receive the

data.
b. Multiple receivers.
1. BC to multiple RTs.
2. RT to multiple RTs.

Each of these data message types is transmitted using command and status words for control operation. The
command word is used to:
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a. ldentify the receiving terminal(s).

b. Identify if data are to be received or transmitted by the receiving terminal(s).

c. ldentify the specific message (subaddress) within the RTs.

d. Notify the terminal(s) of the number of data words to be received or transmitted.

The command, status, and data word formats for these messages are described in 4.3.3.5.1, 4.3.3.5.2, and
4.3.3.5.3. Using these word formats, the format for data message transmissions is developed. Single-
receiver data message formats are shown in figure 20-5. The data message formats used when there are
multiple receiving terminals are shown in figure 20-6.

For duel standby-redundant systems, Notice 2 has additional requirements for using and implementing the
broadcast command (see 30.6).

The 1553B paragraphs pertaining to control messages will now be discussed.

4.3.3.6.4 Mode command without data word. The bus controller shall issue a transmit
command to the RT using a mode code specified in table I. The RT shall, after command word
validation, transmit a status word.

4.3.3.6.5 Mode command with data word (transmit). The bus controller shall issue a transmit

command to the RT using a mode code specified in table I. The RT 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 continuous fashion with no gap.

4.3.3.6.6 Mode command with data word (receive). The bus controller shall issue a receive

command to the RT using a mode code specified in table I, 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.

4.3.3.6.7.3 Mode command without data word (broadcast). The bus controller shall issue a

transmit command word with 11111 in the RTaddress field, and a mode code specified in table
|. The RT(s) with the broadcast option shall after command word validation, set the broadcast
received bit in the status word as specified in 4.3.3.5.3.7 and shall not transmit the status word.

4.3.3.6.7.4 Mode command with data word (broadcast). The bus controller shall issue a

receive command word with 11111 in the RT address field and a mode code specified in table
[, followed by one data word. The command word and data word shall be transmitted in a
contiguous fashion with no gap. The RT(s) with the broadcast option shall after message
validation, set the broadcast received bit in the status word as specified in 4.3.3.5.3.7 and shall
not transmit the status word.

Message formats within this protocol can be transmitted to a single receiver or to multiple receivers based on
the command word address for the message.

Mode commands are specified by setting the subaddress/mode field of the command word to either 32
(00000) or 31 (11111). All control messages originate with the BC and are received by a single receiver or
by multiple receivers (broadcast). A terminal address value of 31 (11111) in the command word indicates a
broadcast message, while any other terminal address is used to identify uniqgue mode commands to terrninals
on the bus. The mode command information is in the word count/mode code field of the command word and
in the attached data word if allowed by the mode command. Figure 20-7 shows various legal mode command
formats, with and without data word.
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Bus Controller to Remote Terminal

Status

Command word | Data word | Data word
* % response #

Source: bus controller Source: single receiver
Address: unique = 31
Subaddress: unique # 31 and 32
Word count: 1-32
T/R: receive
RT to BC

Command word * % Status Dataword | Dataword | Dataword | #

response m
Source: bus controller Source: single receiver Number of data words required
Address: unigue # 31
Subaddress: unique # 31 and 32
Word count: 1-32
T/R: transmit
RT to RT
Status Status
~o o P o YRR LR | oA B [ P D | Mada tasmwal ** #
cvommana wora vommana wor XX response wvdia wora vdia wora response i
Source: bus controller Source: bus controller Source: receiver B Source: receiver A

Address: unique(A) =31 Address: unique(B) = 31
Subaddress: unique # 31 Subaddress: unique # 31

and 32 and 32
Word count: 1-32 Word count: 1-32
T/R: receive T/R: transmit

Figure 20-5. Single-Receiver Data Message Formats
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BC to RTs

Command word Data word | Dataword | Data word #

Source: bus controller

Address: 31

Subaddress: unique # 31 and 32
Word count: 1-32

T/R: receive
RT to RTs
d word c dword | %% | S@us | d| D d | Dataword
Command wor ommand wor response ata wor ata wor: a wo #
Source: bus controller Source: bus controller Source: receiver A
Address: 31 Address: unique A
Subaddress: unique  Subaddress: unique # 31 and 32
#31 and 32 Word count: 1-32
Word count: 1-32 T/R: transmit
T/R: receive

% % Response time delay or gap
# End-of-message delay or gap

Figure 20-6. Multiple-Receiver Data Message Formats

43.3.7 Intermessa%e gap. The bus controller shall provide a minimum gap time of 4.0
microseconds (us) between messages as shown on figures 6 and figure 7. This time period,

shown as T on figure 8, is measured at point A of the bus controller as shown on figure 9 or
figure 10. The time is measured from the mid-bit zero crossing of the last bit of the preceding
message to mid-zero crossing of the next command word sync.

The purpose of this requirement is to clearly identify that the BC shall not transmit contiguous messages (must
have a gap) and that the maximum response time (12 us, see 4.3.3.8) does not apply to gaps between
messages. The BC may issue messages with a gap time greater than 4 ps.

4.3.3.8 Response time. The RT shall respond, in accordance with 4.3.3.6, to a valid command
word within the time period of 4.0 to 12.0 us. This time period, shown as T on figure 8, is
measured at point A of the RT as shown on figure 9 or figure 10. The time is measured from
the mid bit zero crossing of the last word as specified in 4.3.3.6 and as shown on figures 6 and
figure 7 to the mid-zero crossing of the status word sync.

The point of measurement to establish the RT response time is defined here. The measurement is made using
the previous midbit (zero) crossing and next midbit crossing as reference points.

4.3.3.9 Minimum no-reponse time-out. The minimum time that a terminal shall wait before
considering that a response as specified in 4.3.3.8 has not occurred shall be 14.0 us. The 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 terminal as shown on figure 9 or
figure 10.
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Mode Command Without Data Word to a Single Receiver

Mode * % Status

command response #
Source: Source:
bus controller single receiver

Transmit Mode Command With Data Word to a Single Receive

Mode Status
command *x response Data word #
Source: Source: Mode data response

bus controller

single receiver

Reoeive Mode Command With Data Word to a Single Receive

Mode Status
command Data word * %k response
Source: Mode data word Source:
bus controller singie receiver

Transmit Mode Command Without Data Word to Multiple Receivers

Mode
command #

Source:
bus controller

Transmit Mode Command With Data Word to Multiple Receivers

Mode code Data word #
command
Source: Mode data word

bus controller

% % Response time delay or gap

# End-of-message delay or gap
Figure 20-7. Mode Command Transfer Formats
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Figure 8 of 1553B. Intermessage Gap and Response Time.

This requirement is provided to clarify the minimum time that a BC will wait before concluding that the RT is
not going to respond as requested.

For dual standby-redundant systems, Notice 2 specifies timeout requirements for the receiving RT during an
RT-to-RT transfer (see 30.9).

4.4 Terminal Operation.
This portion of 1553B was provided to clarify the various terminals identified in the standard and their

performance requirements. The first section covers common operational requirements that apply to all

devices connected to the data bus system. Specific requirements include: BC (4.4.2), RT (4.4.3), and bus
monitor (4.4.4).

4.4.1 Common operation. Terminals shall have common operating capabilities as specified
in the following paragraphs.

4.4.1.1 Word validation. The terminal shall insure that each word conforms to the following
minimum criteria:

a. The word begins with a valid sync field.

b. The bits area valid Manchester Il code.

c. The information field has 16 bits plus parity.
d. The word parity is odd.

When a word fails to conform to the preceding criteria, the word shall be considered invalid.
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Figure 9 of 1553B. Data Bus Interface Using Transformer Coupling
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Figure 10 of 1553B. Data Bus Interface Using Direct Coupling
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4.4.1.2 Transmission continuity. The terminal shall verify that the message is contiguous as
defined in 4.3.3.6. Improperly timed data syncs shall be considered a message error.

4.4.1.3 Terminal fail-safe. The terminal shall contain a hardware implemented time-out to
preclude a signal transmission of greater than 800.0 ps. 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.

The common operation associated with BCS, RTs, and bus monitors connected to the data bus system are
described in 4.4.1 through 4.4.1.3.

Contiguous data are as defined by paragraph 5.2.1.3.6 of the RT Validation Test Plan (Section 100 of this
handbook). A timed-out fail-safe timer is always reset by reception of a valid command. There are several
mechanisms to reset the fail-safe timer described in 1553B. These include:

a. Reception of a valid command on the bus on which the timeout has occurred (4.4.1.3).

b. Use of the mode command override transmitter shutdown (00101 for a two-bus system or 10101 for
multiple-bus systems) on an alternate bus.

c. Use of the mode command reset RT (01000), which causes the RT to assume a power-up initialized state.

Items band care optional ways to reset the timer and may depend on system and hardware implementations.
However, the preferred reset approach is to transmit the appropriate mode code.

4.4.2 Bus controller operating. 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 maybe
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.

4.4.3 Remote terminal.

4.4.3.1 Operation. A remote terminal RT shall operate in response to valid commands
received from the bus controller. The RT shall accept a command word as valid when the
command word meets the criteria of 4.4.1.1, and the command word contains a terminal
address which matches the RT address or an address of 11111, if the RT has the broadcast
option.

4.4.3.2 Superseding valid commands. The RT shall be capable of receiving a command word
on the data bus after the minimum intermessage gap time as specified in 4.3.3.7 has been
exceeded, when the RT is not in the time period T as specified in 4.3.3.8 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 RTshall take precedence over the previous command. The RT shall
respond to the second valid command as specified in 4.3.3.8.

The intended purpose for the requirement for a superseding valid command is to allow the BC to reissue an
identical transmission or issue a new transmission on the same bus to the same RT when an RT fails to
respond to a command on that bus. This method is described as requiring a minimum time T (greater than
a gap time but less than a full 32-word message) to occur prior to transmitting the second command.
Therefore, the BC is assured that the RT is not responding, so a new command on the same bus is appropriate.
Figure 8 in 1553B demonstrates this intermessage gap problem and solution.

Notice 2 pen-and-ink changes made to 4.4.3.2 are discussed later in the commentary on Notice 2 (20.2).
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4.4.3.3 Invalid commands. A remote terminal shall not respond to a command word which fails
to meet the criteria specified in 4.4.3.1.

Command words that fail to meet the word validation requirements cause the system to continue to look for
a valid command word. When this condition occurs, it is identified as an invalid command; no change occurs
to the status word and no response is transmitted by the RT.

The invalid command requirement also is used to cover failure in the decoding process of the command word.
To prevent multiple responses by two or more terminals to a command word (one without a failure and one
with) the terminal that cannot absolutely validate a command word must take the safe approach and reset the
circuitry and continue to look for a valid command word that meets its particular requirements (address). All
RTs should use this approach of not responding when there is a question about the commands. This approach
is considered to be a fail-passive approach providing the least impact on the multiplex system.

4.4.3.4 lllegal command. An illegal command is a valid command as specified in 4.4.3.1, where
the bits in the subaddress/mode field, data word count/mode code field, and the T/R bit
indicate a mode command, subaddress, or word count that has not been implemented In the
RT. It is the responsibility of the bus controller to assure that no illegal commands are sent
out. The RT designer has the option of monitoring for illegal commands. If an RT that is
designed with this option detects an illegal command and the proper number of contiguous
valid data words as specified by the illegal command word, it shall respond with a status word
only, setting the message error bit, and not use the information received.

lllegal commands are commands that have passed the validation test but are not part of terminal capability.
These include command words where the subaddress/mode field, data word/mode code field, or the T/R bit
are set such that they represent conditions not allowed in the system. An illegal command may be a
combination of the above fields that is restricted or undefined by 1553B or the terminal designer. The BC is
responsible for preventing illegal commands from being transmitted. Because the BC is responsible for all
command and response message communications, it is a design goal that the BC not transmit illegal
commands.

Two methods can be provided to meet this requirement: (1) careful generation of BC commands during
development of the system, along with tight control of the change process during operational use, and (2)
examination of failure modes of the controller hardware and software to determine potentially illegal
generation and transmission of commands. An additional method of rejecting illegal commands in the
multiplex system can be provided only by circuitry within the receiving RT. This approach is an optional
capability for RTs built to the 1553B standard. If an RT with this capability detects an illegal command that
meets all other validation requirements, the RT shall respond with a status word with only the message error
hit set and not use the information sent or disregard the request for information.

4.4.35 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 4.4.1.1.

If the conditions in this paragraph are fulfilled, then the RT must respond with a status word. Valid data
reception can also apply to broadcast messages, in which case a status word response will not be sent.

4.4.3.6 Invalid data reception. Any data word(s) associated with avaiid receive command that
does not meet the criteria specified in 4.4.1.1 and 4.4.1.2 or an error in the data word count shall

cause the remote terminai 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.
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A valid data reception for a nonbroadcast message requires a status response, whereas an invalid data
reception suppresses the status response but requires certain other actions. This assumes message formats
with associated data words, so mode commands without data words are rightly excluded from this group. Valid
data reception for broadcast messages will suppress the status response, while invalid data reception will set
the message error bit and suppress the status response. Therefore, all message formats containing at least
one data word (e.g., broadcast data messages, nonbroadcast data messages, broadcast mode codes with
a data word, and mode codes with a data word) are included in this requirement.

As stated in the requirement, the message command word has been validated and the error occurs in the data
word portion of the message. The withholding or suppression of the status response alerts the BC error
detection electronics to the fact that an incomplete message has occurred and some level of error recovery
must occur. The setting of the message error bit in the status word that remains in the RT will provide
additional information to the error recovery circuitry only if the BC requests the status word using the
appropriate mode code.

Also notice that, if any part of the message is invalid, the entire received message must be considered invalid.
This message invalidation requirement may cause problems for systems that have bit-oriented data rather
than word or multiple word (message) oriented data. Errors in a word following the reception of good data will
invalidate good data. It has been proposed that such a system invalidate all data words from the failure to the
end of the message and use previously good data words. This approach, however, has not been allowed.
Regardless of the approach, some system mechanisms will store the data and then tag the message as being
invalid; others will not allow the user to receive the data. For the former, it is the responsibility of the user to
examine the message valid indication prior to using the data; for the latter, the user must recognize that the
data have not been updated.

4.4.4 Bus monitor operation. A terminal operating as a bus monitor shall receive bus traffic
and extract selected information. While operating as a bus monitor, the terminal shall not
respond to any message except one containing its own unique address if one is assigned. All
information obtained while acting as a bus monitor shall be strictly used for off-line
applications (e.g., flight test recording, maintenance recording or mission analysis) or to
provide the back-up bus controller sufficient information to takeover as the bus controller.

A terminal may operate as a bus monitor for only two reasons: (1) information recording for offline analysis
and (2) information source for backup BC. The unique feature of this terminal is that it has the ability to decode
and accept for data storage any or all messages transmitted on the data bus without the knowledge of, or
without affecting the operation of, the multiplex system or the terminals attached to the bus. A bus monitor
can be made to respond by assigning a specific address to which it would respond, in which case it would act
as an RT for that address and as a bus monitor for all the others.

4.5 Hardware characteristics.
4.5.1 Data bus characteristics.

4.5.1.1 Cable. The cable used for the main bus and all stubs shall be a two conductor, twisted,
shielded, jacketed cable. The wire-to-wire distributed capacitance shall not exceed 30.0
picofarads per foot. The cables shall be formed with not less than four twists per foot where
atwist is defined as a 360 degree rotation of the wire pairs; and, the cable shield shall provide
a minimum of 75.0 percent coverage.

For dual standby-redundant applications, Notice 2 requires a minimum of 90.0% coverage for the shield (see
30.10.1).

4.5.1.2 Characteristic impedence. The nominal characteristic impedance of the cable (Z,)
shall be within the range of 70.0 ohms to 85.0 ohms at a sinusoidal frequency of 1.0 megahertz
(MHz).
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Notice 2 requires that the actual (not nominal) characteristic impedance must be within the above range (see
30.10.4).

4.5.1.3 Cable attenuation. At the frequency of 4.5.1.2, the cable power loss shall not exceed
1.5 decibels (dB)/100 feet (ft.).

A great deal of concern and confusion has resulted because of the cable network requirements including bus
length, coupling, and stubbing. The standard chose not to specify a maximum main bus length because it is
reasoned that cable length, number of terminals, and lengths of stubs are all subject to tradeoffs and must be
considered in the design for reliable system operation. An arbitrary limit (such as the 300 ft specified in 1553A)
should not be applied because all parameters of the network must be considered.

45.1.4 Cable termination. The two ends of the cable shall be terminated with a resistance,
equal to the selected cable nominal characteristic impedance (Z,) +2.0 percent.

4.5.1.5 Cable stub requrements. The cable shall be coupled to the terminal as shown on figure
9 or figure 10. Tie use of long stubs is discouraged, and the length of a stub should be
minimized. However, if installation requirements dictate, stub lengths exceeding those
lengths specified in 4.5.1.5.1 and 4.5.1.5.2 are permissible.

In the appendix, 10.5 also contains information on stubbing.
Notice 2, contains additional requirements for dual standby-redundant systems (see 30.10.5).

4,5.1.5.1 Transformer coupled stubs. The length of a transformer coupled stub should not
exceed 20 feet. If a transformer coupled stub is used, then the following shall apply.

45.15.1.1 Coupling transformer. A coupling transformer, as shown on figure 9, shall be
required. This transformer shall have a turns ratio of 1:1.41 3.0 percent, with the higher turns
on the isolation resistor side of the stub.

A generalized multiplex bus network configuration is shown in figure 1 of 1553B. The main bus is terminated
at each end in the cable characteristic impedance to minimize reflections due to transmission line mismatch.
With no stubs attached, the main bus looks like an infinite length transmission line and, so there are no
disturbing reflections. When the stubs are added for connection of the terminals, the bus is loaded locally and
a mismatch occurs with resulting reflections.

The degree of mismatch and signal distortion due to reflections area function of the impedance (Z) presented
by the stub and terminal input impedance. To minimize signal distortion, it is desirable that the stub maintain
a high impedance. This impedance is reflected back to the main bus. At the same time the impedance must
be kept low so that adequate signal power will be delivered to the receiver input. Therefore, a tradeoff and
compromise among these conflicting requirements is necessary to achieve the specified signal-to-noise ratio
and system error rate performance.

Two methods for coupling a terminal to the main bus are defined in 1553B: transformer coupling and direct
coupling. The two methods are shown in figures 9 and 10 of 1553B. Transformer coupling is usually used
with long stubs (1 to 20 ft) and requires a coupler box, separate from the terminal, located near the junction
of the main bus and stub. Direct coupling is usually limited for use with stubs of less than 1 ft. Fault isolation
resistors (R) are included to provide protection for the main bus in case of a short circuit in the stub or terminal.
The coupler transformer characteristics defined in 1553B area compromise between the signal level and
distortion characteristics delivered to the terminals.

The coupler transformer turns ratio (1:1.41) provides impedance transformation for both terminal reception
and transmission. The improvement of stub load impedance is a result of impedance transformation that is
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proportional to the square of the turns ratio, assuming an ideal coupler transformer. The 1:1.41 transformer
turns ratio also provides ideal termination of the stub for transmission of signals from the terminal to the main
bus. The impedance at main bus is:

ZO
ZB =—++ 2R (1)
2
Where R =0.75Z,
Z,=0.5Z +1.5Z =2Z ohms 2)

The reflected impedance, Z,, from the bus to the stub due to the transformer impedance transformation is:
Zy=—=—=12, (3)
Therefore, the coupler transformer specified in 1553B provides the characteristics desired for reducing

reflections and maintaining signal levels for systems where long stubs are required.

45.15.1.1.1 Transformer input impedence. The open circuit impedance as seen at point B on
figure 11 shall be greater than 3000 ohms over the frequency range of 75.0 kilohertz (kHz) to 1.0

megahertz (MHz), when measured with a 1.0V root-mean-square (RMS) sin wave.

Output B

‘NF\RN 1N 7 ‘\C
I | 2 T s
l 3

(S |

% droop = % x 100

Figure 11 of 1553B. Coupling Transformer

The transformer open circuit impedance (Z,) is required to be greater than 3K ohms in 1553B systems. The
measurement is made looking into the winding with the higher number of turns (1.41) with a 75-kHz to 1-MHz
sine wave signal. The test amplitude at the transformer winding is adjusted to 1V rms. The critical factors in
achieving the 3K ohm Z_is the distributed capacitance of the windings and the transformer primary
inductance. The inductance of the transformer must be large enough to provide the open circuit impedance
at 75 kHZ while the distributed capacitance should be small enough to maintain the open circuit impedance
at the 1-MHZ test frequency. The inductance may obviously be increased by increasing the number of turns
on the transformer. This technique, however, tends to increase the distributed capacitance, degrading high-
frequency performance and therefore causing waveform integrity and common mode rejection to suffer.

The transformer is a very important element in determining the transceiver characteristics (e.g., input

impedance, signal waveform integrity, and common mode rejection) required by 1553B. The considerations
for transformer and associated input and output circuit design are:
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a. Provide the specified input impedance at high frequencies (terminal input impedance 1000 ohms and
2000 ohms at 1 MHZ).

b. Maintain waveform integrity and low percentage droop for the lower frequency conditions (less than 20%
for 250-kHz square wave).

c. Design for low interwinding capacitance to achieve common mode rejection (CMR)(45 dB CMR at + 10V
peak, dc to 2 MHz).

d. Maximize transformer leakage inductance. Because techniques to lower interwinding capacitance tend
to increase leakage inductance, a tradeoff must be made to achieve good CMR performance while at the
same time minimizing waveform tailoff distortion caused by leakage inductance.

These considerations are directly applicable to the design of the transceiver transformer. In addition to the
transformer characteristics, other considerations for maintaining the terminal minimum input impedance
specified in 1553B are as follows:

a. Minimize stray capacitance of wiring from the external connector and on the circuit card to the buffer
amplifier (every 100 pF. results in approximately 1600 ohms shunt impedance).

b. Maintain high impedance at the receiver limiter and filter circuit inputs and transmitter driver outputs in the
“of” state. These impedance must be maintained with the terminal (transceiver) power off.

45.1.5.1.1.2 Transformer waveform integrity. The droop of the transformer using the test con-
figuration shown on figure 11 at point B, shall not exceed 20.0 percent. Overshoot and ringing
as measured at point B shall be less that £1.0 V peak. For this test, R shall equal 350.0 chms
35.0 percent and the input A of figure 11 shall be a 250.0 kHz square wave. 27.0 V peak-to-peak,
with a rise and fall time no greater than 100 nanoseconds (ns).

The ability of the coupler transformer to provide a satisfactory signal is specified in the droop, overshoot, and
ringing requirements of 1553B shown in figure 20-8. Droop is specified at 20% maximum when driving the
transformer with a 250-kHZ, 27V peak-to-peak (p-p) square wave. The test for the droop characteristic is
made by driving the low-turns side winding through a 360-ohm resistor and measuring the signal at the open-
circuited high-turns side winding. The droop of the transformer is determined mainly by the primary
inductance. Because the primary inductance also provides the 3K-ohm open circuit impedance, the
inductance should be made as high as possible without degrading the high-frequency performance of the
transformer. Ringing and overshoot on the transformer signal is also shown in figure 20-8. The =1V limit on
these high-frequency perturbation can be achieved through careful attention to leakage inductance and
transformer capacitance.

4.5.1.5.1.1.3 Transformer common mode rejection. The coupling transformer shall have a
common mode rejection ratio greater than 45.0 dB at 1.0 MHz.

The common mode rejection of the isolation transformer is required to be greater than 45.0dB. The common
mode test shown in figure 20-9 consists of driving the low-turns side winding while measuring the differential
signal across the high-turns side. Common mode rejection can be improved by minimizing the interwinding
capacitance and the core-to-winding capacitance. See section 40 for additional design considerations.

4.5.1.5.1.2 Fault isolation. An isolation resistor shall be placed in series with each connection
to the data bus cable. This resistor shall have a value of 0.75 Z ohms plus or minus 2.0 percent,
where 2,is the selected cable nominal characteristic impedance. The impedance placed
across the data bus cable shall be no less than 1.5 Z,ohms for any failure of the coupiing
transformer, cable stub, or terminal transmitter/receiver.
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45.1.5.1.3 Cable coupling. All coupling transformers and isolation resistors, as specified in
45.15.1.1 and 4.5.1.4.1.2, shall have continuous shielding which will provide a minimum of 75

percent coverage. The isolation resistors and coupling transformers shall be placed at

minimum possible distance from the junction of the stub to the main bus.
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Figure 20-8. Waveform Test
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Figure 20-9. Common-Mode Test

45.1.5.1.4 Stub voltage requirements. Every data bus shall be designed such that all stubs
at point A of figure 9 shall have a peak-to-peak ampiitude, line-to-line within the range of 1.0
and 14.0 V for a transmission by any terminal on the data bus. This shall include the maximum
reduction of data bus signal amplitude in the event that one of the terminals has a fault which
causes it to reflect a fault impedance specified in 4.5.1.5.1.2 on the data bus. This shall also
include the worse case output voltage of the terminals as specified in 4.5.2.1.1.1 and
45221.1.

The transformer in the 1553B coupler has a turns ratio of 1:1.41 (see figure 20-10). This ratio, together with
the 0.75Z fault isolation resistor provides the correct characteristic impedance for terminating the stub:

1
» 2 (0.75Z, + 0.75Z, + 0.5Z,)

Y4

m"'(

The stub capacitance is also effectively decreased by the square of the turns ratio to lessen the loading
problem. The 1:1.41 ratio of 1553B is a compromise between stub matching and decreased stub loading. MIL-
STD-1553B does not specify connector types.

Notice 2 (30.10.1 and 30.10.2) modify the coupling and shielding requirements.

45.15.2 Direct coupled stubs. The length of a direct coupled stub should not exceed 1 foot.
Refer to 10.5 for comments concerning direct coupled stubs. If a direct coupled stub is used,

then the following shall apply.
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Figure 20-10. Coupler Characteristics

Section 20 20-40



MIL-HDBK-1553A
1 November 1988

4.5.1.5.2.1 Fault isolation. An isolation resistor shall be placed in series with each connection
to the data bus cable. This resistor shall have a value of 55.0 ohms plus or minus 2.0 percent.
The isolation resistors shall be placed within the RT as shown on figure 10.

45.15.2.2 Cable coupling. All bus-stub junctions shall have continuous shielding which will
provide a minimum of 75 percent coverage.

4,5.1.5.2.3 Stub voltage requirements. Every data bus shall be designed such that all stubs
at point A of figure 10 shall have a peak-to-peak amplitude, line-to-line within the range of 1.4
and 20.0 V for a transmission by any terminal on the data bus. This shall include the maximum
reduction of data bus signal amplitude in the event that one of the terminals has a fault which
causes it to reflect a fault impedance of 110 ohms on the data bus. This shall also include the
worst case output voltage of the terminals as specified in 4.5.2.1.1.1 and 4.5.2.2.1.1.

4.5.1.5.3 Wiring and cabling for EMC. For purposes of electromagnetic capability (EMC), the
wiring and cabling provisions of MIL-E-6051 shall apply.

The coupling network provides bus connections for the transformer-coupled (external coupler) and direct-
coupled cases. Isolation resistors of 55 ohms value are included for the direct-coupled connection, and the
proper transformer turns ratio is provided when the appropriate bus connection is selected. The turns ratio
is different for the transformer-coupled and direct-coupled connections to compensate for the 1.41:1 reduction
of signal level in the external coupler. This feature allows a threshold setting that is the same for both bus
connections.

Notice 2 (30.10.1 and 30.10.2) modifies the coupling requirement.
4.5.2 Terminal characteristics.

Figures 20-11 and -12 show the interface diagrams and the points where the signal measurement is defined
in 1553B. The following discussion will relate some of the rationale for this approach to development of the
requirements in 1553B.

4.5.2.1 Terminals with transformer coupled stubs.

4.5.2.1.1 Terminal output characteristics. The following characteristics shall be measured
with RL, as shown on figure 12, equal to 70.0 ohms 2.0 percent.

45.2.1.1.1 Output levels. The terminal output voltage levels shall be measured using the test
configuration shown on figure 12. The terminal output voltage shall be within the range of 18.0
to 27.0 V, peak-to-peak, line-to-line, when measured at point A on figure 12.

The approach taken for 1553B is to specify the terminal output for the two conditions: transformer coupled and
direct coupled. This may require that each terminal have two sets of input and output pins for each bus cable
connection. Therefore, the 18V to 27V p-p transmitter output applied to the stub and coupler results in a
nominal 6V to 9V p-p signal level at the stub-to-bus connection (point B). This range is equivalent to that
specified for the direct-coupled case shown in figure 20-12. Test configurations are provided for both direct-
coupled and transformer-coupled cases in figure 20-13. See section 50 of this handbook for further
discussion.

45.2.1.1.2 Qutput levels. The waveform, when measured at point A on figure 12 shall have
zero crossing deviations which are equal to, or less than, 25.0 ns from the ideal crossing point,
measured with respect to the previous zero crossing (i.e., .5%.025us,1.0£.025us, 1.5 +£.025
us, and 2.0 +.025 us). Therise and fall time of this waveform shall be from 100.0 to 300.0 ns

when measured from levels of 10 to 90 percent of full waveform peak-to-peak, line-to-line,
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Figure 20-13. Direct-Coupled and Transformer-Coupled Terminal Output Test Configuration

voltage as shown on figure 13. Any distortion of the waveform including overshoot and
ringing shall not exceed = 900.0 millivolts (mV) peak, line-to-line, as measured at point A,
figure 12.

The waveform characteristics provide control of the zero-crossing deviations for all possible
conditions and establish a limit on distortion. See also section 40 of this handbook.

45.2.1.1.3 Output noise. Any noise transmitted when the terminal is receiving or has power
removed, shall not exceed a value of 14.0 mV, RMS, line-to-line, as measured at point A, figure
12.

The output rms noise for the transformer-coupled and direct-coupled cases are specified in 1553B (4.5.2.1.1.3

and 4.5.2.2.1.3) and are consistent with the required system performance and practical terminal hardware
design. The requirement for low output noise of 14 mV rms, and 5 mV rms when not transmitting, also places
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Figure 13 of 1553B. Output Waveform

significant constraints on the length and routing of input and output wiring due to the induced power supply
and logic noise generated in the terminal.

4.5.2.1.1.4 Quput symmetry. From the time beginning 2.5 us after the mid-bit crossing of the
parity bit of the last word transmitted by a terminal, the maximum voltage at point A of figure
12 shall be no greater than +250.0 mV peak, line-to-line. This shall be tested with the terminal
transmitting the maximum number of words it is designed to transmit, up to 33. This test shall
be run six times with each word in a contiguous block of words having the same bit pattern.
The six word contents that shall be used are 8000,,, 7FFF,, O000,,, FFFF,5555 and AAAA...
The output of the terminal shall be as specified in 45.2.1.1.1 and 4.5.2.1.1.2.

An ideal waveform is perfectly balanced so that the signal energy on both sides of the zero (off) level is
identical. If the positive or negative energy is not equal, problems can develop in the coupling transformers,
and the transmission line can acquire a charge that appears as a tail with overshoot and ringing when
transmission is terminated. These considerations require that the symmetry of the transmitted waveform be
controlled within practical limits. This is accomplished by specifying the signal level from a time beginning 2.5
us after the midbit zero crossing of the parity bit of the last word in a message transmitted by the terminal under
test. The test messages contain the maximum number of words and defined hit patterns.

45.2.1.2 Terminal input characteristics. The following characteristics shall be measured in-
dependently.

452121 |nput waveform compatibility. The terminal shall be capable of receiving and

operating with the incoming signals specified herein, and shall accept waveform varying from

a square wave to a sine wave with a maximum zero crossing deviation from the ideal with

respect to the previous zero crossing of +150 ns, (i.e., 2.0*.15pus, 1.5+ .15us,1.0£.15s,.5
+.15u8). Theterminal shall respond to an input signal whose peak-to-peak amplitude, line-
to-line, Is within the range of .86 to 14.0 V. The terminal shall not respond to an input signal

whose peak-to-peak amplitude, line-to-line, is within the range of 0.0 to .20 V. The voltages are
measured at point A on figure 9.

4.5.2.1.2.2 Common mode rejections. Any signals from direct current (DC) to 2.0 MHz, with

amplitudes equal to or less than + 10.0 V peak, line-to-ground, measured at point A on figure
9, shall not degrade the performance of the receiver.
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The input voltage specifications reflect the output voltage ranges for the transformer-coupled and direct-
coupled connections to the terminal. Terminal required-response and no-response signal levels are specified
so that the optimum threshold levels may be selected. It should be noted that the threshold setting has a
significant effect on the noise rejection and error rate performance of the receiver. The threshoid setting is
above the maximum no-response voltage level and below the minimum response level. Allowing a margin
between the specification no-response level and the actual no-response level will improve the noise-rejection
performance.

45.2.1.2.3 Input impedence. The magnitude of the terminal Input Impedance, when the RT is
not transmitting, or has power removed, shall be a minimum of 1000.0 ohms within the

frequency range of 75.0 kHz to 1.0 MHz. This impedance is that measured line-to-line at point
A on figure 9.

As indicated in the data bus network requirement, input impedance is required to be maintained at a
reasonable level to reduce the signal distortion effects when terminals are connected to the bus. Terminal
input impedance is determined primarily by the following:

a. Transformer Impedance- Maintain inductance required to support low-frequency component of signal
while controlling interwinding capacitance for high frequencies.

b. Terminal wiring capacitance- Control stray capacitance of wiring from terminal connector to receiver.

c. Secondary Impedance transformatlon— For the transformer-coupled case, a transformer with a turns
ratio of 1:1.41 is implied. The impedance at the secondary is reflected to the terminal input, reduced by
a factor of 2.

The factor of 2 difference in the impedance specified for the transformer-coupled and direct-coupied cases
is based primarily on the effect of item ¢ above.

452.1.2.4 Noise rejection. The terminal shall exhlblt a maximum word error rate of one part
In 10', on all words received by the terminal, after validation checks as specified in 4.4, when
operating in the presence of additive white Gaussian noise distributed over a bandwidth of 1.0
kHz to 4.0 MHz at an RMS amplitude of 140 mV. A word error shall include any fault which
causes the message error blt to be set in the terminal’s status word, or one which causes a
terminal to not respond to a valid command. The word error rate shall be measured with a
2.1 V peak-to-peak, line-to-line, Input to the terminal as measured at point A on figure 9. The
noise tests shall be run continuously until, for a particular number of failures, the number of
words received by the terminal, including both command and data words, exceeds the
required number for acceptance of the terminal, or Is less than the required number for
rejection of the terminal, as specified in table Il. All data words used In the tests shall contain
random bit patterns. These bit patterns shall be unique for each data word in a message, and
shall change randomly from message to message.

The test conditions of signal and noise specified were selected to produce a corresponding value of word error
ratio (WER) that is sufficiently high (107) to permit performance verification of a terminal receiver within a
reasonable test period. The noise rejection is a figure-of-merit test and can be performed in a normal
laboratory environment with a typical test setup as shown in figure 20-14. The verification of detector
performance should consider the measurement of both detected and undetected errors.

Externally generated noise can take on many forms with a wide variety of power and frequencies. It is
recognized that impulse noise having either random or periodic impulse duration, frequency of occurrence,
and burst interval are more typical of noise sources that have major impact on digital data systems. Relay
switching is generally regarded as the most severe source of impulse noise. This type of noise defies accepted
forms of analysis, such as that performed using an additive white Gaussian (AWG) noise model. Because

20-45 Section 20



MIL-HDBK-1553A
1 November 1988

Table Il of 1553B. Criteria for Acceptance or Rejection of a Terminal for the Noise-Rejection Test

Total words received by terminal (in multiples of 10°)

No. of Reject Accept
errors (equal or less) (equal or more)
0 N/A 4.40
1 N/A 5.21
2 N/A 6.02
3 N/A 6.83
4 N/A 7.64
5 N/A 8.45
6 45 9.27
7 1.26 10.08
8 2.07 10.89
9 2.88 11.70
10 3.69 12.51
1 4.50 13.32
12 5.31 14.13
13 6.12 14.94
14 6.93 15.75
15 7.74 16.56
16 8.55 17.37
17 9.37 18.19
18 10.18 19.00
19 10.99 19.81
20 11.80 20.62
21 12.61 21.43
22 13.42 22.24
23 14.23 23.05
24 15.04 23.86
25 15.85 24.67
26 16.66 25.48
27 17.47 26.29
28 18.29 27.11
29 19.10 27.92
30 19.90 28.73
3l 20.72 29.54
32 21.53 30.35
33 22.34 31.16
34 23.15 31.97
35 23.96 32.78
36 2477 33.00
37 25.58 33.00
38 26.39 33.00
39 2121 33.00
40 28.02 33.00
41 33.00 N/A
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Figure 20-14. Configuration for Noise-Rejection Test

of the difficulty of error performance analysis using the impulsive noise model, a worstcase Gaussian model
has been formulated. This model offers an analysis and test tool for evaluating terminal receiver performance
considering the effects of impulsive noise. This approach is reflected in the noise rejection test conditions and
word error rate versus signal-to-noise ratio (SNR) performance requirements of 1553B (4.5.2.1.2.4 and
45.22.2.4).

45.2.2 Terminals with direct coupled stub.

4.5.2.2.1 Terminal output characteristics. The following characteristics shall be measured
with RL, as shown on figure 12, equai to 35.0 ohms + 2.0 percent.

45.2.2.1.1 Output levels. The terminal output voltage levels shall be measured using the test
configuration shown on figure 12. The terminal output voltage shall be within the range of 6.0
to 9.0 V, peak-to-peak, line-to-line, when measured at point A on figure 12.

45.2.2.1.2 Output waveform. The waveform, when measured at point Aonfigure 12, shall have
zero crossing deviations which are equal to, or less than, 25.0 ns from the ideal crossing point,
measured with respect to the previous zero crossing (i.e.,.5+.025us, 1.0 £.025us, 1.5 £.025
us and 2.0 £.025 us). The rise and fail time of this waveform shall be from 100.0 to 300.0 ns
when measured from ieveis of 10 to 90 percent of full waveform peak-to-peak, line-to-line,
voltage as shown on figure 13. Any distortion of the waveform including overshoot and
ringing shall not exceed + 300.0 mV peak, line-to-line, as measured at point A on figure 12.

4.5.2.2.1.3 Output noise. Any noise transmitted when the terminal is receiving or has power
removed, shall not exceed a value of 5.0 mV, RMS, line-to-line, as measured at point A on figure
12.
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45.2.2.1.4 Output symmetry. From the time beginning 2.5 H8 after the mid-bit crossing of the
parity bit of the last word transmitted by a terminal, the maximum voltage at point A on figure

12, shall be no greater than + 90.0 mV peak, line-to-line. This shall be tested with the terminal
transmitting the maximum number of words is is designed to transmit, up to 33. This test shall
be run six times with each word In a contiguous block of words having the same bit pattern.
The six word contents that shall be used are 8000,,, 7FFF,, 0000, FFFF 5555 and AAAA,.
The output of the terminal shall be as specified In 4.5.2.2.1.1 and 4.5.2.2.1.2.

45.2.2.2 Terminal input characteristics. The following characteristics shall be measured in-
dependently.

452221 In1put waveform com%atibilit%. The terminal shall be capable of receiving and
operating with the incoming signals specified herein, and shall accept waveform varying from
a square wave to a sine wave with a maximum zero crossing deviation from the ideal with
respect to the previous zero crossing of plus or minus 150 ns, (i.e., 2.0 £.15 ps 1.5 +.15 ps,
1.0x.15u8.5 £.15u8). The terminal shall respond to an input signal whose peak-to-peak
amplitude, line-to-line, is within the range of 1.2 to 20.0 V. The terminal shall not respond to
an input signal whose peak-to-peak amplitude, line-to-line, is within the range of 0.0 to .28 V.
The voltages are measured at point A on figure 10.

4.52.2.2.2 Common mode reiections. Any signals from DC to 2.0 MHz, with amplitudes equal
to or less than = 10.0 volts peak, line-to-ground, measured at point A on figure 10, shall not

degrade the performance of the receiver.

45.2.2.2.3 Input impedance. The magnitude of the terminal input impedance, when the RT is
not transmitting, or has power removed, shall be a minimum of 2000.0 ohms within the

frequency range of 75.0 kHz to 1.0 MHz. This impedance is that measured line-to-line at point
A on figure 10.

4.2.2.2.4 Noise rejection. The terminal shall exhibit a maximum word error rate of one part
in 10, on all words received by the terminal, after validation checks as specified in 4.4, when
operating in the presence of additive white Gaussian noise distributed over a bandwidth of 1.0
kHz to 4.0 MHz at an RMS amplitude of 200 mV. A word error shall include any fault which
causes the message error bit to be set in the terminal's status word, or one which causes a
terminal to not respond to a valid command. The word error rate shall be measured with a 3.0
V peak-to-peak, line-to-line, input to the terminal as measured at point A on figure 10. The
noise tests shall be run continuously until, for a particular number of failures, the number of
words received by the terminal, including both command and data words exceeds the
required number for acceptance of the terminal, or is less than the required number for
rejection of the terminal, as specified in table Il. All data words used in the tests shall contain
random bit patterns. These bit patterns shall be unique for each data word in a message, and
shall change randomly from message to message.

4.6 Redundant data bus requirements. If redundant data buses are used, the requirements
as specified in the foilowing shall apply to those data buses.

4.6.1 Electrical isolation. All terminals shall have a minimum of 45 dB isolation between data
buses. Isolation here means the ratio in dB between the output voltage on the active data bus
and the output voltage on the Inactive data bus. This shall be measured using the test
configuration specified In 4.5.2.1.1 or 4.5.2.2.1 for each data bus. Each data bus shall be
alternately activated with all measurements being taken at point A on figure 12 for each data
bus.
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4.6.2 Single event failures. All data buses shall be routed to minimize the possibility that a
single event failure to a data bus shall cause the loss of more than that particular data bus.

4.6.3. Dual standby redundant data bus. If @ dual redundant data bus Is used, then it shall be
a dual standby redundant data bus as specified in the following paragraphs.

4.6.3.1 Data bus activity.Only one data bus can be active at any given time except as specified
in 4.6.3.2.

4.6.3.2 Reset data bus transmitter. If while operating on a command, a terminal receives
another valid command, from either data bus, it shall reset and respond to the new command
on the data bus on which the new command is received. The terminal shall respond to the new
command as specified in 4.3.3.8.

The redundant data bus requirements reflect the common practice for use of the dual bus in which one is active
and the other is on standby, and it was the intent to restrict the operation of a dual data bus connected to
terminals to a one-at-a-time operation. However, provision had to be made for a BC to override one bus to
respond on the redundant bus. The requirement for this is in 4.6.3.2, and the reference to 4.3.3.8 is the
response time requirement of a RT to a valid command word. See also Notice 2 pen-and-ink changes
discussed in 20.2.

APPENDIX

10. General. The following paragraphs in this appendix are presented in order to discuss
certain aspects of the standard in a general sense. They are intended to provide a user of the
standard more insight into the aspects discussed.

10.1 Redundancy. It is intended that this standard be used to support rather than to supplant
the system design process. However, it has been found, through application experience in
various aircraft, that the use of a dual standby redundancy technique is very desirable for use
in integrating mission avionics. For this reason, this redundancy scheme is defined in 4.6 of
this standard. None the less, the system designer should utilize this standard as the needs
of a particular application dictate. The use of redundancy, the degree to which it is
implemented, and the form which it takes must be determined on an individual application
basis. Figures 10.1 and 10.2 illustrate some possible approaches to dual redundancy. These
illustrations are not intended to be inclusive, but rather representative. It should be noted that
analogous approaches exist for the triple and quad redundant cases.

10.2 Bus controller. The bus controller is a key part of the data bus system. The functions
of the bus controller, in addition to the issuance of commands, must include the constant
monitoring of the data bus and the traffic on the bus. It is envisioned that most of the routine
minute details of bus monitoring (e.g., parity checking, terminal non-response time-out, etc.)
will be embodied in hardware, while the algorithms for bus control and decision making will
reside in software. It is also envisioned that, in general, the bus controller will be a general
purpose airborne computer with a special input/output (I/0) to interface with the data bus. It
is of extreme importance in bus controller design that the bus controller be readily able to
accommodate terminals of differing protocol’s and status word bits used. Equipment
designed to MIL-STD-1553A will be in use for a considerable period of time; thus, bus
controllers must be capable of adjusting to their differing needs. It is also important to
remember that the bus controller will be the focal point for modification and growth within the
multiplex system, and thus the software must be written in such a manner as to permit
modification with relative ease.
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Figure 10.2 of 1553B lllustration of Possible Redundancy

10.3 Multiplex selection criteria. The selection of candidate signals for multiplexing is a
function o# the particular application involved, and criteria will in general vary from system to
system. Obviously, those signals which have bandwidths of 400 Hz or less are prime
candidates for inclusion of the bus. It is also obvious that video, audio, and high speed parallel
digital signals should be excluded. The area of questionable application is usually between
400 Hz and 3khz bandwidth. The transfer of these signals on the data bus will depend heavily
upon the loading of the bus in a particular application. The decision must be based on
projected future bus needs as well as the current loading. Another class of signals which in
general are not suitable for multiplexing are those which can be typified by a low rate (over a
mission) but possessing a high priority or urgency. Examples of such signals might be a
nuclear event detector output or a missile launch alarm from a warning receiver. Such signals
are usually better left hardwired, but they maybe accommodated by the multiplex system if
a direct connection to the bus controller’s interrupt hardware is used to trigger a software
action in response to the signal.
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10.4 High reliability requirements. The use of simple parity for error detection within the
multiplex bus system was dictated by a compromise between the need for reliable data
transmission, system overhead, and remote terminal simplicity. Theoretical and empirical
evidence indicates that an undetected bit error rate of 10”can be expected from a practical
muitiplex system built to this standard. If a particular signal requires a bit error rate which is
better than that provided by the parity checking, then it is incumbent upon the system designer
to provide the reliability within the constraints of the standard or to not include this signal
within the muitiplex bus system. A possible approach in this case would be to have the signal
source and sink provide appropriate error detection and correction encoding/decoding and
employ extra data words to transfer the information. Another approach wouid be to partition
the message, transmit a portion at a time, and then verify (by interrogation) the proper transfer
of each segment.

10.5 Stubbing. Stubbing is the method wherein a separate line is connected between the
primary data bus line and a terminal. The direct connection of a stub line causes a mismatch
which appears on the waveforms. This mismatch can be reduced by filtering at the receiver
and by using hi-phase modulation. Stubs are often employed not only as a convenience in bus
layout but as a means of coupiing a unit to the line in such a manner that a fault on the stub
or terminal will not greatly affect the transmission line operation. In this case, a network is
employed in the stub line to provide isolation from the fault. These networks are also used
for stubs that are of such length that the mismatch and refiection degrades bus operation. The
preferred method of stubbing is to use transformer coupled stubs, as defined in 4.5.1.5.1. This
method provides the benefits of DC isolation, increased common mode protection, a doubling
of effective stub impedance, and fault isolation for the entire stub and terminal. Direct coupled
stubs, as defined in 4.5.1.5.2 of this standard, should be avoided if at all possible. Direct
coupled stubs provide no DC isolation or common mode rejection for the terminal external to
its subsystem. Further, any shorting fault between the subsystems internal isolation resistors
(usually on a circuit board) and the main bus junction will cause failure of that entire bus. It
can be expected that when the direct coupled stub length exceeds 1.6 feet, that it will begin
to distort the main bus waveforms. Note that this length includes the cable runs internal to
a given subsystem.

10.6 Use of broadcast option. The use or a broadcast message as defined in 4.3.3.6.7 of this
standard represents a significant departure from the basic philosophy of this standard in that
it is a message format which does not provide positive closed-loop control of bus traffic. The
system designer is strongly encouraged to solve any design problems through the use of the
three basic message formats without resorting to use of the broadcast. If system designers
do choose to use the broadcast command, they should carefully consider the potential effects
of a missed broadcast message, and the subsequent implications for fault or error recovery
design in the remote terminals and bus controllers.

Notice 2 adds a paragraph (10.7) that references related documents.

20.2 COMMENTARY ON NOTICE 2 OF MIL- STD-1553B.

The purpose of Notice 2 to MIL-STD-1553B (referred to as 1553B) was to:

a. Clarify interpretable areas of 1553B.

b. Unify tri-service requirements.

c. Resolve recurring implementation problems at the line replaceable unit (LRU) and system levels.

d. Determine testability.
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Notice 2 was the result of compromises as to what level of detail it should include, what should be put in a
separate specification, or what should be included in MIL-HDBK-1553. It addresses problems that continue
to recur during system integration and testing. It also addresses the need for an increased level of
interoperability brought about by the increasing use of Government-furnished equipment (GFE) on a variety
of aircraft across the triservices.

Notice 2 was written in two parts:

a. A list of editorial changes, such as deleting words like “aircraft” and “internal,” to increase the applicability
of the standard (i.e., shipboard and combat vehicle applications also use 1553B); a change of the title of
the bus switching paragraph (4.6.3.2) because the original title had been causing confusion (see 20.2.1).

b. Changes for dual standby-redundant applications of 1553B, based on the knowledge and experience

gained since the release of 1553B in 1978, and reflecting good system engineering design practices that
may be applied to applications other than dual standby-redundant buses (see 20.2.2).

20.2.1 Commentary on Notice 2 pen-and-ink changes

Page i

Delete title and substitute: DIGITAL TIME DIVISION COMMAND/RESPONSE MULTIPLEX
DATA BUS”.

Page ii

Delete title and substitute: “Digital Time Division Command/Response Multipiex Data Bus”.
Page 1

Paragraph 1.1, second line: Delete “on aircraft”.

Paragraph 1.2, third line: Delete “an aircraft” and substitute “a”.

The intent of these changes was to increase the applicability of MIL-STD-1553 to applications other than
aircraft.

Page 3
Paragraph 3.11, first line, after “Bus controller”: Insert “(BC)".
Paragraph 3.12, first line, after “Bus monitor”: Insert “(BM)".
This is an editorial change to ensure that the acronyms were defined at the beginning of the standard.
Page 21
Paragraph 4.4.3.1, add: “No combination of RT address bits T/R bit, subaddress/mode bits,
and data word count/mode code bits of a command word shall result in invalid transmissions

by the RT. Subsequent valid commands shall be properly responded to by the RT.

Not all RTs have the capability of monitoring for illegal commands, an option specified in paragraph 4.4.3.4
of MIL-STD-1553. This addition to paragraph 4.4.3.1 provides designers with a specific requirement
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governing the RT response to the receipt of an undetected illegal command or a command addressed to
another RT, events that have caused RTs to fail and/or transmit invalid data on the bus. Additionally, it requires
that the RT be able to recover from the receipt of either type of command and respond properly to subsequent
valid commands.

Page 30

Paragraph 4.6.3.2, first line: Delete “Reset data bus transmitter*and substitute “Superseding
valid commands”.

Paragraph 4.6.3.2, second line: Delete “from either data bus” and substitute ‘from the other
data bus”.

The original intent of this paragraph was to specify the response, for an RT connected to a dual standby-
redundant data bus, when the RT received a valid command while simultaneously processing a valid

command received from the other data bus. The intent here is to clarify the wording, particularly in the
paragraph title.

Page 31
Paragraph 10.2, eighth line: Delete “airborne”.

The intent of this change was to increase the applicability of MIL-STD-1553 to applications other than aircraft.

2.0.2.2 Commentary on Notice 2 text revisions.

DIGITAL TIME DIVISION COMMAND/RESPONSE MULTIPLEX DATA BUS

Notice 2 changed the title of MIL-STD-1553B by deleting the reference to aircraft. This increases its
applicability to uses other than aircraft.

FOREWORD

This standard contains requirements for a digital time division command/response multiplex
data bus for use in systems integration. Even with the use of this standard, differences may
exist between muitipiex data buses in different system applications due to particular appiica-
tion requirements and the designer options allowed in this standard. The system designer
must recognize this fact and design the multiplex bus controller hardware and software to
accommodate such differences. These designer selected options must exist to allow the
necessary flexibility in the design of specific multiplex systems in order to provide for the
control mechanism, architectural redundancy, degradation concept and traffic patterns
peculiar to the specific application requirements. Appendix, Section 30 selects those options
which shall be required and further restricts certain portions of the standard for the use in all
dual standby redundant applications for the Army, Navy, and Air Force.

The foreword was updated to reflect deletion of the references to aircraft and aircraft systems in the standard
and to define the scope of new section 30.

10.7 Other related documents. Several documents exist which are related to this standard.
MIL-HDBK-1553 describes implementation practices for this standard and other related data.
This standard is embodied in or referenced by the following international documents: NATO
STANAG 3838, ASCC Air Standard 50/2, and UK DEF STAN 00-18 (PART 2)/Issue 1.
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20. REFERENCED DOCUMENTS.
Not applicable.

In Notice 1 to MIL-STD-1553B (referred to as 1553B), section 20, General, the intent was to “select those
options which shall be required and to further restrict certain portions of the standard for use in Air Force
avionics.” Notice 2 supersedes Notice 1 as of the date of issue.

30. GENERAL REQUIREMENTS.

30.1 Option selection. This section of the appendix shall select those options required to
further define portions of the standard to enhance tri-service interoperability. References in
parentheses are to paragraphs in standard which are affected.

The necessity for an increased emphasis on triservices standardization of 1553B interfaces became
evident as more and more subsystems began to be used across triservices applications as the basic input and
output communications interface. Without coordination of these interfaces, subsystems developed by one
service were incompatible with those developed by another service. The intent of this section of the standard,
in general, is to specify the minimum set of 1553B options required by the Army, Navy, and Air Force.

30.2 Appplication. Section 30 of this appendix shall apply to all dual standby redundant
applications for the Army, Navy, and Air Force. All Air Force aircraft internal avionics
applications shall be dual standby redundant, except where safety critical or flight critical
requirements dictate a higher level of redundancy.

The scope of this section was limited to triservices dual standby-redundant data bus applications, which
encompasses a large majority of the current and foreseen applications. This section, based on extensive past
experience and lessons learned during system integration and test, should help designers avoid common
problems encountered on past programs. Additionally, selective use of this section for applications that are
not dual standby-redundant should be a basic design consideration.

30.3 Unique address (4.3.3.5.1.2). All remote terminals shall be capable of being assigned any
unique address from decimai address O (00000) through decimal address 30 (11110). The
address shall be established through an external connector, which is part of the system wiring
and connects to the remote terminal. Changing the unique address of a remote terminal shall
not require the physical modification or manipulation of any part of the remote terminal. The
remote terminal shall, 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
remote terminal shall not respond to any messages if it has determined its unique address is
not valid.

There have been persistent problems with RT designs in which the five-bit RT address was either fixed internal
to the subsystem or only one or two of the address bits could be externally programmed. None of these
techniques allow easy migration of a subsystem among different systems in which, typically, RT addresses
differ. The intent of the unique address requirement is to enhance interoperability by maintaining a single box
in the supply inventory for multiple applications and by having the capability of selecting any RT address

through an external connector on the box.

The requirement for rejection of a false address implies a parity method (or other means) of verifying that the
address provided to it by the external programming connector is valid. The RT is required to reject all
messages that fail address validation.

30.4 Mode codes (4.3.3.5.1.7).
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30.4.1 Subaddress/imode (4335.14) An RT shall have the capability to respond to mode
codes with both subaddress/mode of 00000 and 11111. Bus controllers 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.

Requiring the RT to implement both mode code indicators provides for maximum commonality among systems
that range from pre-1553B designs through designs that incorporate 1553B and Notice 1. In addition, note
the emphasis on the point that the same function must be performed by the RT, independent of whether the
mode code indicator is 00000 or 11111.

30.4.2 Required mode codes (4.3.3.5.1.7).

30.4.2.1 Reset remote terminal required mode codes. An RT shall implement the following mode
codes as a minimum:

Mode Code Eunction

00010 Transmit status word

00100 Transmitter shutdown

00101 Override transmitter shutdown
01000 Reset remote terminal

Triservices and industry discussions identified a minimum set of mode commands that are required in each
equipment specification. The standardization of the minimum set of mode commands will ease the task of
data bus management by providing a minimal capability to perform error recovery (transmit status), system
protection (transmitter shutdown and override), and initialization (reset).

30.4.2.2 Bus controller required mode codes. The bus controller shall have the capability to
implement all of the mode codes as defined in 4.3.3.5.1.7. For Air Force applications, the

dynamic bus control mode command shall never be issued by the bus controller.

Requiring the BC to have the capability of implementing all mode commands defined in 1553B provides the
most flexibility for the system designer. However, the Air Force will not allow use of dynamic bus control
because it may result in increased system complexity, system design and debug problems, and the problems
associated with various types of hardware failure modes for each of the terminals that can assume control of
the bus.

30.4.3 Reset remote terminal (4.3.3.5.1.7.9). An RT receiving the reset remote terminal mode
code shall respond with a status word as specified in 4.3.3.5.1.7.9 and then reset. While the
RT is being reset, the RT shall respond to a valid command with any of the following: no
response on either data bus, status word transmitted with the busy bit set, or normal response.
If any data is transmitted from the RT while it is being reset, the information content of the data
shall be valid. An RT receiving this mode code shall complete the reset function within 5.0
milliseconds following transmission of the status word specified in 4.3.3.5.1.7.9. 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 figures 9 and 10.

Past system problems with this mode code have centered around the definition of “reset to a power-up
initialized state” and how long it is acceptable for an RT to be offline or busy while performing this function.
The definition for the reset function cannot be specified in a generic document such as a standard, but it must
be left to the RT designer as to what hardware circuitry and software need to be reset in that particular
application. However, from a systems viewpoint, the main requirement that this paragraph provides is that
the RT must complete the reset function within 5 ms. During this 5 ms, very few restrictions are placed on the
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RT response to valid oommands. This 5-ms time was seleoted to have minimal negative impact on system
designs while providing a practical upper time limit for RT designs.

30.4.4 Initiate RT self-test (4.3.3.5.1.7.4). If the initiate self-test mode command is implemented
In the RT, then the RT receiving the initiate self-teat mode code shall respond with a status
word as specified in 4.3.3.5.1.7.4 and then initiate the RT self-teat function. Subsequent valid
commands may terminate the self-test function. While the RT self-test is in progress, the RT
shall respond to a valid command with any of the following: no response on either data bus,
status word transmitted with the busy bit set, or 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 functlon and have the results of the self-
teat available within 100.0 milliseconds following transmisson of the status word specified
In 4.3.3.5.1.7.4. The time shall be measured from the mld-bit zero crossing of the parity bit of
the status word to the mld-sync zero crossing of the command word at point A on figures 9

and 10.

Past system problems with this mode code involve the state of the RT while the self-test function is being
performed. The definition and scope of the self-test function cannot be specified in a generic dooument such

as a standard, but must be left to the RT designer as to what hardware circuitry and software requires testing
in the particular design. However, from a systems viewpoint, the main requirement that this paragraph
provides is that the RT must have completed the self-test functlon within 100 ms and that the RT response
to valid commands while the self-test functlon is being accomplished is clearly specified. This 100-ms time
was selected to have minimal negative impact on system designs while providing a practical upper time limit
for RT design.

30.5 Status word bits (4.3.3.5.3).

30.5.1 Information content. The status word transmitted by an RT shall contain valid
information at all times, e.g., following RT power up, during initialization, and during normal
operation.

RT designs exist In which the status word register has the terminal flag bit set or contains random data after
power-up. This condltion is unacceptable in systems that poll the status of the RT and use that response to

determine system health and, subsequently, maintenance actions. The intent of this paragraph is to ensure
that the status word always contains valid information.

30.5.2 Status bit requirements (4.3.3.5.3). An RT shall Implement the status bits as follows:
Message error bit (4.3.3.5.3.3) - Required
Instrumentation bit (4.3.3.5.3.4) - Always logic zero
Service request bit (4.3.3.5.3.5) - Optional
Reserved status bits (4.3.3.5.3.6) - Always logic zero

Broadcast command received bit (4.3.3.5.3.7) - If the RT implements the broadcast option,
then this bit shall be required.

Busy bit (4.3.3.5.3.8) - As required by 30.5.3

Subsystem flag bit (4.3.3.5.3.9) - If an associated subsystem has the capability for self-test,
then this bit shall be required.
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Dynamic bus control acceptance bit (4.3.3.5.3.10) - If the RT implements the dynamic bus
control function, then this bit shall be required.

Terminal flag bit (4.3.3.5.3.11) - If an RT has the capability for self-test, then this bit shall
be required.

This paragraph is intended to clarify conditions of use for each of the status bits. The most notable additions
to the original standard are to define when the subsystem flag bit and the terminal flag bit must be implemented.
RT designs exist that incorporate a subsystem self-test such that, upon detection of a fault, there is no
indication to the BC of the problem. The requirements for these two bits has a philosophy similar to the original
philosophy for the broadcast command received bit and the dynamic bus control acceptance bit.

30.5.3 Busy bit (4.3.3.5.3.8). The existence of busy conditions is discouraged. However, any
busy condition, in the RT or the subsystem interface that would affect communication over
the bus shall be conveyed via the busy bit. Busy conditions, and thus the setting of the busy
bit, shall occur only as a result of particular commands/messages sent to an RT. Thus for a
non-failed RT, the bus controller can, with prior knowledge of the remote terminal character-
istics, determine when the remote terminal can become busy and when it will not be busy.
However, the RT may also set the busy bit (in addition to setting the terminal flag bit or
subsystem flag bit) as a result of failure/fault conditions within the RT/subsystem.

Many problems have occurred during system integration due to an RT responding as busy in an apparently
unpredictable fashion. This also increases the complexity of the BC software, especially when the unpredict-
able busy responses occur within the error recovery procedures or occur differently for RTs within the same
system design. The intent of this paragraph is to limit the use of the busy condition to specific, definable events
(such as the receipt of a hypothetical "subsystem self-test 1 command) and to associate with each event a
predefine maximum length of time the busy condition will exist. Two specific conditions allow for setting the
busy bit:

a. The RT is busy as a result of a particular command or message received over the data bus.
b. The RT is busy as a result of an RT or subsystem fault or failure.
These conditions should be specified in the interface control document (ICD) for that RT.

30.6 Broadcast (4.3.3.6.7). The only broadcast commands allowed to be transmitted on the
data bus by the bus controller shall be the broadcast mode commands identified in table 1.
The broadcast option may be implemented in remote terminals. However, if implemented, the
RT shall be capable of distinguishing between a broadcast and a non-broadcast message to
the same subaddress for non-mode command messages. The RT address of 11111 is still
reserved for broadcast and shall not be used for any other purpose.

This paragraph was a compromise for triservices commonalty. The key restriction is that system designs
cannot use the broadcast message format for data transfer. The intent of the paragraph is to limit the use of
broadcast to situations such as resetting or synchronizing all RTs within a system, simultaneously, through
use of the broadcast mode command message formats.

RT designers are still left with the option of implementing or not implementing the broadcast formats in an RT
design. If the RT designer implements the broadcast option, the design must protect against corrupting data
when the RT receives an inadvertent broadcast command (or a command the RT thinks is a broadcast
command) to an address that is not associated with a mode code. In other words, the nonbroadcast data
stored at a particular subaddress cannot be overwritten by a broadcast command.
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30.7 Data wrap-around (4.3.3.5.1.4). Remote terminals shall provide a receive subaddress to
which one to N data words of any bit pattern can be received. Remote terminals shall provide
a transmit subaddress from which a minimum of N data words can be transmitted. N is equal
to the maximum word count from the set of all messages defined for the RT. A valid receive
message to the data wrap-around receive subaddress followed by a valid transmit command
to the data wrap-around transmit subaddress, with the same word count and without any
intervening valid commands to that RT, shall cause the RT to respond with each data word
having the same bit pattern as the corresponding received data word. A data wrap-around
receive and transmit subaddress of 30 (11110) is desired.

This paragraph is a new requirement in the standard. Its purpose is to provide an inexpensive and effective
mechanism for determining data path integrity for the key elements of the RT, as well as for testing a multiplex
system. There are certain parts of an RT, especially the front-end electronics that interface directly with the
bus, that cannot be tested with the terminal self-test function. This wrap test capability will provide an additional
level of testability while validation testing during operation of the system and at the depot.

The intent of the paragraph is to provide sufficient storage within the RT and/or subsystem to accept the
longest message the RT is designed to handle. For example, if the operational message table or ICD for the
RT has a maximum of nine data words in any receive message and twelve data words in any transmit
message, then the RT must be designed to wrapup to a maximum of twelve data words. Note that the receive
and transmit subaddresses may be different and that the maximum word count may be RT specific.

30.8 Message formats (4.3.3.6) Remote terminals shall, as a minimum, implement the
following non-broadcast message formats as defined in 4.3.3.6: RT to BC transfers, BC to RT
transfers, RT to RT transfers (receive and transmit), and mode command without data word
transfers. For non-broadcast messages, the RT shall not distinguish between data received
during a BC to RT transfer or data received during a RT to RT transfer (receive) to the same
subsaddress. The RT shall not distinguish between data to be transmitted during an RT to BC
transfer or data to be transmitted during an RT to RT transfer (transmit) from the same
subaddress. Bus controllers shall have the capability to issue all message formats defined
in 4.3.3.6.

The intent of this paragraph is to maximize the flexibility within an RT, while at the same time providing the
system designer the capability of using the optimum set of message formats for the particular application. In
the past, some RTs have not implemented RT-to-RT message formats, thus requiring the system designer
to find another method of transferring the data from one RT to another, at times at the expense of overall
system throughput. Additionally, the paragraph requires that data transferred to the same subaddress within
an RT be identical in format and content, whether transferred either BC-to-RT or RT-to-RT. For example, if
an RT has defined subaddress 10, word count of 12 to receive navigation data, then the RT must be able to
receive those 12 words into subaddress 10 from either the BC (in a BC-to-RT transfer) or one or more RTs
(in an RT-to-RT transfer). If the first data word is defined to be altitude, then it will be altitude for both types
of transfers.

30.9 RT to RT validation (4.3.3.9). For RT to RT transfers, in addition to the validation criteria
specified in 4.4.3.6, if a valid receive command is received by the RT and the first data word
is received after 57.0 plus or minus 3.0 microseconds, the RT shall consider the message
invalid and respond as specified in 4.3.3.6. The time shall be measured from the mid-bit zero
crossing of the parity bit of the receive command to the mid-sync zero crossing of the
expected data word at point A as shown on figures 9 and 10. It is recommended that the
receiving RT of an RT to RT transfer verify the proper occurrence of the transmit command
word and status word as specified in 4.3.3.6.3.

Problems have been encountered where the receiving RT in an RT-to-RT transfer will not time out when no
data words are received from the transmitting RT. Instead, the receiving RT will pickup the data words from
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the next message. The intent of this paragraph is to impose limits on the length of time a receiving RT can
wait before it will no longer accept data words. The lower limit of 54 us is equivalent to 20 us for the transmit
command word plus 14 us for the BC no response timeout, plus 20us for the transmitting RT status word. The
upper bound of 60 ws simply provides a reasonable timeout window.

30.10 Electrical characteristics (4.5.).

30.10.1 Cable shielding (4.5.1.1). The cable shield shall provide a minimum of 90.0 percent
coverage.

Due to potential EMI radiation, shielding was increased from 75% to 90% coverage.

30.10.2 Shielding (4.5.1). All cable to connector junctions, cable terminations, and bus-stub
junctions shall have continuous 360 degree shielding which shall provide a minimum of 75.0
percent coverage.

This paragraph returns the 1553B, Notice 1, paragraph 20.5 requirement back to the original 1553B
requirement. The small physical area of the connector-to-cable junction does not require the increased EMI
protection that Notice 1 required.

30.10.3 Connector polarity. For applications that use concentric connectors or inserts for
each bus, the center pin of the connector or insert shall be used for the high (positive)
Manchester hi-phase signal. The inner ring shall be used for the low (negative) Manchester
hi-phase signal.

This is a new requirement based on the increased use of stand alone concentric connectors and triaxial inserts
in multipin connectors. This ensures that RTs from two different vendors will not have the signal polarities
reversed in the connector.

30.10.4 Characteristic impedance (4.5.1.2). The actual (not nominal) characteristic impedance
of the data bus cable shall be within the range of 70.0 ohms to 85.0 ohms at a sinusoidal
frequency of 1.0 megahertz.

This is the same requirement as 1553B, Notice 1, paragraph 20.4.2, in which the actual cable impedance was
specified instead impedance. MIL-STD-1553B specifies the cable impedance of a given production lot from
the manufacturer, while this paragraph requires that the actual piece of cable used in a system must meet the
impedance requirements to limit waveform distortions and reflections of the terminated transmission line.

30.10.5 Stub coupling (4.5.1.5). For Navy applications, each terminal shall have both
transformer and direct coupled stub connections externally available. For Navy systems
using these terminals, either transformer or direct coupled connections may be used. For
Army and Air Force applications, each terminal shall have transformer coupled stub connec-
tions, but may also have direct coupled stub connections. For Army and Air Force systems,
only transformer coupled stub connections shall be used. Unused terminal connections shall
have a minimum of 75 percent shielding coverage.

This paragraph reflects a triservices compromise due to different established practices that have evolved in
each of the services in the implementation of 1553B. The common point is that all RTs must have transformer-
coupled connectors. Note however, that in RTs with triservices application, both transformer-coupled and
direct-coupled connections will be required on the RT.

3.10.6 Power on/off noise. A terminal shall limit any spurious output during a power-up or
power-down, sequence. The maximum allowable output noise amplitude shall be £250 mV
peak, line-to-line for transformer coupled stubs and £90 mV peak, line-to-line for direct
coupled stubs, measured at point A of figure 12.
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This is a new requirement to limit the uncontrolled, unrequested output from the terminal during power cycling.
In the past, some RTs have even transmitted a complete 1553B word or multiple words during power cycling.
This problem will increase as more elaborate power management capability is incorporated into the systems.
Also, stores applications may encounter this problem because, typically, not all the stores are powered at the
same time. The amplitude values were derived from the output symmetry paragraphs of 1553B and analyzed
for practicality by several transceiver manufacturers.
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Address

unigue address, 20-54

remote terminal address, 20-7, 20-17
Asynchronous operation, 20-3

Bit
bit rate, 20-2
broadcast command receive, 20-19
broadcast command received, 20-19
busy, 20-19, 20-20, 20-57
definition, 20-2
dynamic bus control acceptance, 20-21
inhibit terminal flag, 20-14
instrumentation, 20-18
message error, 20-18
parity, 20-9, 20-21
priority, 20-5
reserved status, 20-19
service request, 20-19
status bit requirements, 20-56
subsystem flag, 20-21
terminal flag, 20-21
bit rate, 20-5
Broadcast
definition, 20-4
notice 2 requirements, 20-57
use of broadcast option, 20-51
optional broadcast command, 20-24, 20-25
Bus control
dynamic bus control, 20-4, 20-11
dynamic bus control acceptance bit, 20-21
Bus controller (bc), 20-3, 20-49
bus controller operation, 20-32
mode codes required by bus controller, 20-55
bc to rt transfer(broadcast), 20-24
bc to rt transfers, 20-22
Bus monitor (bm), 20-3
bus monitor operation, 20-34

Cable, 20-34
cable attenuation, 20-35
cable coupling, 20-38, 20-41
cable stub requirements, 20-35
cable termination, 20-35
Characteristic impedance, 20-34, 20-59
Command,
command word, 20-7
command/response, 20-4
superseding valid commands, 20-32
Commentary
commentary on MIL-STD-1553B, 20-1
commentary on notice 2 of MIL-STD-1553B, 20-52
commentary on notice 2 pen-and-ink changes, 20-52
commentary on notice 2 text revisions, 20-53
Common mode rejections, 20-44, 20-48
Common operation, 20-29
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Coupler characteristics, 20-40
Coupling transformer, 20-35

Data,
valid data reception, 20-33
Data bus, 20-3
dual standby redundant, 20-48
bus activity, 20-49
characteristics, 20-34
bus operation, 20-4
redundant data bus requirements, 20-48
reset data bus transmitter, 20-49
Data
code, 20-5
form, 20-5
word, 20-15
word count/mode code, 20-9
wrap-around, 20-57

Electrical characteristics, 20-59
Electrical isolation, 20-48

Fault isolation, 20-37, 20-41

Half duplex
definition, 20-3
hardware characteristics, 20-34

lllegal command, 20-33

Initiate self-test, 20-13

Input impedance, 20-45, 20-48

Input waveform compatibility, 20-43, 20-48
Instrumentation bit, 20-18

Intermessage gap, 20-27

Invalid commands, 20-33

Invalid data reception, 20-33

Message, 20-3
message error bit, 20-18
message formats, 20-22, 20-58

Mode code, 20-4
Mode codes, 20-55
required by bus controller, 20-55
served mode codes (01001 to 01111), 20-15
reserved mode codes (10110 to 11111), 20-15

Mode command
mode command with data word (broadcast), 20-25
mode command message transfer formats, 20-12
mode command transfer formats, 20-25
mode command with data word (receive), 20-25
mode command with data word (transmit), 20-25
mode command without data word, 20-25
mode command without data word (broadcast), 20-25
Mode control
optional mode control, 20-9
Modulation, 20-5
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Multiplex selection criteria, 20-49
Multiple-receiver data message formats, 20-27

Noise rejection, 20-45, 20-48

Output levels, 20-41, 20-47

Output noise, 20-43, 20-47

Output symmetry, 20-43, 20-47

Output waveform, 20-41, 20-47

Override inhibit t/f bit, 20-14

Override selected transmitter shutdown, 20-14
Override transmitter shutdown, 20-13

Parity, 20-9, 20-17
Pulse code modulation (PCM), 20-2

Redundancy, 20-49
Redundant data bus, 20-4
Reliability
high reliability requirements, 20-50
Remote terminal (RT), 20-3, 20-32
RT address, 20-7, 20-17
initiate RT self-test, 20-56
remote terminal required mode codes, 20-55
RT to RT(s) transfers, 20-22
reset remote terminal, 20-15, 20-55
RT to RT validation, 20-58
Response time, 20-27

Selected transmitter shutdown, 20-14
Single event failures, 20-48
Single-receiver data message formats, 20-26
Status word, 20-17
status word reset, 20-21
status word bits, 20-56
Stubs, stubbing, 20-50
direct coupled stubs, 20-39
direct-coupled and transformer-coupled, 20-43
direct-coupled (short stub) MIL-STD-1553B, 20-42
stub voltage requirements, 20-39, 20-41
transformer-coupled (long stub), 20-42
Subaddress/mode, 20-8, 20-55
Subsystem, definition, 20-3
Sync, 20-7, 20-15, 20-17
Synchronize (with data word), 20-11
Synchronize (without data word), 20-11
Terminal, 20-3
input characteristics, 20-43, 20-48
output characteristics, 20-41, 20-47
terminal characteristics, 20-41
terminal fail-safe, 20-32
terminal input characteristics, 20-43, 20-48
terminal operation , 20-29
terminal output characteristics, 20-41
Terminals
with direct coupled stubs (4.5.2.2), 20-47
with transformer coupled stubs, 20-41
Test
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common-mode test, 20-39
noise-rejection test, 20-46
test and operating requirements, 20-4
waveform test, 20-38
Time-out, minimum no-response, 20-27
Time division multiplexing (TDM), 20-2
Transfer
(broadcast) BC to RT, 20-24
(broadcast) RT to RT, 20-24
BC to RT, 20-22
RT to BC, 20-22
RT to RT, 20-22
Transformer
transformer common mode rejection, 20-37
transformer coupled stubs, 20-35
transformer input impedance, 20-36
transformer waveform integrity, 20-37
transformer-coupled (long stub) MIL-STD-1553B, 20-42
Transmission continuity, 20-32
Transmission method, 20-5
Transmit
transmit built-in-test (bit) word, 20-13
transmit last command word, 20-15
transmit status word, 20-11
transmit vector word, 20-15
transmit vector word transfer format, 20-16
Transmit/receive, 20-8
Transmitter shutdown, 20-13

Wiring and cabling for emc, 20-41
Word, 20-3
word formats, 20-5, 20-6
word size, 20-5
word validation, 20-29

Index
Section 20 20-64



MIL-HDBK-1553A
1 November 1988

SECTI ON 30

TERMINAL/SYSTEM

SPECIFICATION
CONSIDERATIONS






MIL-HDBK-1553A
1 November 1988

CONTENTS
Paragraph Page
30. TERMINAL/SYSTEM SPECIFICATION CONSIDERATIONS . ... ............. 30-1
30.1 INTRODUCTION . . oot 30-1
30,2 SCOPE . . . ittt 30-1
30.3 DEFINITIONS . . o oo 30-1
30.4 EQUIPMENT SPECIFICATIONS ...\ oo 30-1
30.4.1 Remote terminal (RT) example specification ............................. 30-1
30.4.2 Bus controller (BC) example specification ..., 30-7
30.4.3 Bus monitor (BM) example specification ...................oooon 30-11
30.5 SYSTEM MULTIPLEX INTERFACE CONTROL DOCUMENT (MICD) . .. ..o 30-13
30.5.1 System MICD example ..o 30-13
3052 MICD Data Base . .......oovii i 30-27
IND X & ot 30-28
FIGURES
Figure Title Page
30-1 System configuration - normal operation ... 30-14
30-2 Message flow diagram - normal operation ... e 30-18
30-3 Example message functional interface diagram ...................c 30-26
TABLES
Table Title Page
30-I Remote terminal mode code requUIrEMENES ..........cccovivviiiiiiiiiiiie 30-3
30-11 Remote terminal status flag requirements .................ccccooii 30-4
30-111 BC Mode code reqUIrEMENTS ..........ooiiiii e 30-9
30-IvV BC Status flag reqUIrEMENES .........ooviiiiiiiiiie 30-9
30-V Subsystems connected to data bUS ... 30-14
30-VI Terminal address asSigNMENTS .........cccoiiiviiiii 30-15
30-VII SYSEEM MOAE COUBS ... 30-19
30-VIII Hlegal COMMANS ... 30-21
30-I1X SYSEEM SLALUS DILS ©..oovviii 30-22

30-i Contents/Figures/Tables






MIL-HDBK-1553A
1 November 1988

30. TERMINAL/SYSTEM DOCUMENTATION CONSIDERATIONS

This section presents examples and considerations for writing specifications for equipment and Multiplex
Interface Control Documents (MICDs) for systems that interface with MIL-STD-1553B. Section 30.4 covers
remote terminal (RT), bus controller (BC), and bus monitor (BM) specifications. Section 30.5 covers system
MICDs.

30.1 Introduction

The basic electrical characteristics and protocol (or system management) for a multiplex data bus are
contained in MIL-STD-1553B. The standard allows for design flexibility by providing options in areas such as
data word and message formats, coupling techniques, and architectural configurations. This section (section
30 of MIL-HDBK-1553) provides information to aid in writing MIL-STD-1553B equipment and system
documentation. It provides example paragraphs, each of which is followed by a discussion of its contents
and other options available to the writer. Also included are references to the appropriate paragraphs of MIL-
STD-1553B in which these topics are discussed; commentary for these paragraphs can be found in Section
20 of the handbook. This section is intended to be used as a guideline when writing documentation for MIL-
STD-1553B equipment or systems.

30.2 Scaope

This section includes documentation considerations for MIL-STD-1553B equipment and systems.

The examples (RT, BC, BM, and MICD), if extracted as a whole, are not meant to constitute a complete,
consistent document. Rather, each individual example paragraph is provided to highlight the options available
within MIL-STD-1553B and provide guidance in the development of a document. This section of the handbook
should be used as a guideline to develop documentation that is consistent with the mission requirements for
the particular equipment or system.

30.3 Definitions
Definitions of terms used in this section are listed in section 120 of this handbook.
30.4 Equipment specifications

Example specifications for RTs, BCS, and BMs are found in 30.4.1, 30.4.2, and 30.4.3, respectively.
Whenever there are MIL-STD-1553B references relevant to specification paragraphs, they are included in
parenthesis at the end of the specification paragraphs. These examples include only the 1553B requirements;
other system dependent design requirements, such as, physical dimensions, thermal, vibration, etc. must be
added to complete the specification.

30.4.1 Remote terminal (RT) example specification. The example specification provided below assume
that the RT is embedded within a subsystem and will be interfaced to a MIL-STD-1553B dual standby-

redundant data bus. The following paragraphs might be suitable for inclusion as specification performance
requirements. These paragraphs are not recommended to be included as is, but should be modified as
appropriate for the specific design.

SCOPE

APPLICABLE DOCUMENTS

Government documents

Specifications, standards, and handbooks
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MILITARY STANDARDS
MIL-STD-1553B Digital Time Division Command/Response Multiplex Data Bus.
MIL-HDBK-1553A Multiplex Applications Handbook.

Non-Government Documents

COMMERCIAL STANDARDS

Society of Automotive Engineers, AS 4112 Production Test Plan for the Aircraft Internal
Time Division Command/Response Multiplex Data Bus Remote Terminals.

The documentation listed above is recommended for inclusion in all RT specifications. Sections of the
handbook should be identified as guidance or for contract compliance. For example, RT validation test plans
(Section 100) and parameter formats (Section 80) sections should be considered for inclusion as contract
compliance. Additional pertinent documentation is described in 10.7 of MIL-STD-1553B.

REQUIREMENTS
Design

Digital interface. The subsystem shall implement an embedded, serial digital interface which
shall be utilized to transfer control and status information, as well as data to and from the
subsystem.

This general requirement should be included for all RTs that are to be embedded in a subsystem. A similar
requirement should be specified if the RT is being designed to service multiple subsystems.

Function. The digitai interface shall function in accordance with the MIL-STD-1553B require-
ments for a remote terminal (RT) (4.4.3).

This general requirement should be included in all RT specifications and should invoke the latest version of
MIL-STD-1553B. If any Government-furnished equipment or contractor-furnished equipment to be provided
does not meet the latest version of MIL-STD-1553B, then the version and notice to which the equipment was
designed should be explicitly specified.

Address programming. The RT address shall be programmable through seven pins provided
on an external connector. Five pins shall define the RT address. The sixth pin shall be used
as parity for the RT address. The seventh pin shall be a return line and be used to program
the address and parity pins to logic zero. An open address or parity pin shall be a logic one.
The RT address shall be established in the wiring (4.3.3.5.1.2 and 30.3).

A specific method of implementing a unique RT address should be specified. The method of providing the
address to the RT is not stated in MIL-STD-1553B. However, Notice 2 to MIL-STD-1553B (paragraph 30.3)
imposes requirements on the RT addressing technique.

Data bus interface. The RT shall use a dual standby-redundant interface in accordance with
MIL-STD-1553B (4.6 and 30.2).

This general requirement should be included in the specifications for all RTs that implement dual standby-
redundant architectures. A similar requirement should be imposed on RTs that implement other architecture.
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Data bus connectors. Two physically separate connectors that meet the requirements of MIL-
STD-1553B shall be provided on the RT interface to the data bus (4.5.1.5.3).

The connector requirement should be specified for an RT that interfaces with a dual standby-redundant data
bus. A similar requirement should be specified for RTs that interface with buses other than dual standby-
redundant. The data buses may be connected by pins within a larger connector. If the subsystem is a store
(e.g., missile, pod, etc.), the connector requirements of MIL-STD-1760 maybe applied.

Message format. The RT, as a minimum, shall implement the following nonbroadcast and
broadcast message formats, as specified in 4.3.3.6 of MIL-STD-1553B: RT-to-BC transfers,
BC-to-RT transfers, RT-to-RT transfers (receive and transmit), and mode command without
data word (4.3.3.6 and 30.8).

Notice 2 to 1533B requires that the specified non-broadcast message formats be implemented in an RT. The
specification should include a statement as to whether or not broadcast message formats should be
implemented.
Subaddress assignments. Decimal subaddresses 16 (10000) through 30 (11110) shall be used
first for subaddress assignments. Only after this selection of subaddresses has been
depleted for this system may decimal subaddresses 1 (00001) through 15 (01111) be used.
This aids in utilization of the instrumentation bit.
Variable messaae blocks. The RT shall be capable of transmitting a subset of any message
defined for it. These subsets shall consist of messages with word counts varying from one
to the maximum word count defined for the particular message.
This specification provides for tailoring message transmissions to system requirements.

Mode codes. The RT shall respond to mode code commands from a BC as specified in MIL-
STD-1553B and table 30-I (table I, 4.3.3.5.1.7, and 30.4.2.1).

Table 30-1. Remote Terminal Mode Code Requirements

Broadcast | Required

TIR| Mode Associated| ~ command | py
Bit | code Function dat_a word allowed Notioe 2
1 | 00000 Dynamic bus control No No No
1 | 00001 Synchronize No Yes No
1 100010 Transmit status word No Yes Yes
1 100011 initiate self-test No Yes No
1 100100 Transmitter shutdown No Yes Yes
1 100101 Override transmitter

shutdown No Yes Yes

00110 Inhibit terminal ftag bit No Yes No
00111 Override inhibit terminal

flag bit No Yes No
1 101000 Reset remote terminal No Yes Yes
1] 10000 Transmit vector word Yes No No
0 ] 10001 Synchronize Yes Yes No
1 | 10010 Transmit last oommand Yes No No
0 | 10011 Transmit BIT word Yes No No
0 | 10100 selected transmitter

shutdown Yes Yes No
0 | 10101 Override selected

transmitter shutdown Yes Yes No
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The mode codes required by Notice 2 must be a capability for all RTs. The dynamic bus control mode code
is required if the RT implements dynamic bus control. Note that the following mode codes, if implemented,
have predefine responses: dynamic bus control, inhibit terminal flag, override inhibit terminal flag bit, and
transmit last command. Also, implementation of the transmit vector word mode code (normally in conjunction
with the service request bit) is recommended for RTs that implement time- critical asynchronous functions
that require aperiodic service by the BC. The selected transmitter shutdown (10100) and override- selected
transmitter shutdown(10101) mode codes should be specified in RTs designed for system architectures that
employ a minimum of triple redundancy. Table 30-I is extracted from table | of 1553B and should be included
in the specification.

Reset remote terminal. The RTshall implement this command as specified in MIL-STD-1553B
and shall complete the reset function within 5.0 ms. While being reset, the RT shall not
respond to messages sent to it on either bus (4.3.3.5.1.7.9 and 30.4.3).

The RT reset capability should be specified, including timing and unique RT reset period response
requirements.

Initiate self-test. The RT shall implement this command as specified in MIL-STD-1553B and
shall have the results of the self-test available within 100.0 ms. While the self-test is in
progress, the RTshall respond by transmitting a status word with the busy bit set (4.3.3.5.1.7.4,
30.4.4).

if the initiate self-test mode command is required by the specification, the timing and unique RT response also
should be specified. This is not the self-test of the associated subsystem.

Status flags. The RT shaii be capabie of responding with status information and shall
implement status flags as specified in MIL-STD-1553B and table 30-II (4.3.3.5.3, and 30.5.2).

Table 30-11. Remote Terminal Status Flag Requirements

Bit time Status bit Requirement

9 Message error bit Required (Notice 2)

10 Instrumentation bit Always logic zero

11 SeNice request bit Optional

12-14 Reserved status bits Always logic zero

15 Broadcast command received bit Conditionally required

16 Busy bit Optional. If used, restricted
17 Subsystem flag bit Conditionally required

18 Dynamic bus control acceptance Conditionally required

19 Terminal flag bit Conditionally required

The status bits required by Notice 2 to MIL-STD-15536 should be included for all RTs. If the unit containing
the RT implements broadcast, terminal or associated subsystem self-test, or dynamic bus control, then the
corresponding status bits must be specified. The busy bit may only be used in pre-defined circumstances.
Also, implementation of the service request bit (typically in conjunction with the transmit vector word mode
code) is recommended for RTs that implement time-critical asynchronous functions requiring aperiodic
service by the BC. Details regarding the set and use of bits must be included in the individual paragraphs.
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Busy bit. The use of this bit by the RT is optional and, if used, restricted (4.3.3.5.3.8 and 30.5.3).

Any condition in the RT or subsystem, that will cause the busy bit to be set, affecting communications over
the data bus, should be specified. An example is a magnetic tape recorder system up-to-speed indication.
The duration of the busy condition should also be specified when that condition results from receipt of
particular commands or messages by the RT. Notice 2 to MIL-STD-1553B requires that specific, predictable
conditions be defined that determine when the RT will set the busy bit.

Terminal flag bit. A terminal flag shall be used that does not discriminate between the two
channels of a dual standby-redundant RT (4.3.3.5.3.11).

Specifying the use of this bit is equivalent to specifying that the RT has implemented self-test. Optional mode
codes, such as Inhibit Terminal Flag Bit, override Terminal Flag Bit, and Transmit BIT Word should be
considered when use of the Terminal Flag is specified.

Sample consistency. Messages transmitted over the data bus shall contain only mutually
consistent samples of information. Different words used to transmit multiple precision
parameters, updated at the same rate, shall all be members of the same sample set. Suitable
buffering and transmission control logic shall be provided to prevent transmission of a
partially updated message that would contain mutually inconsistent data.

This requirement should be included in any specification for an RT that has multiple, time-dependent data
words to transmit that could be updated while the data are being transmitted on the bus.

Data format. Digital data shall be transmitted in a format compatible with the word and
message formats specified in MIL-STD-1553B. The development of data words and message
formats shall be in accordance with the guidelines in section 80 of MIL-HDBK-1553. Any
invalid data transmitted over the data bus shall be indicated as invalid within the same
message the data appears (4.3.3.5 and 4.3.3.6).

This general requirement for message and data word formats should be included for all RTs. The guidelines
found in section 80 of this handbook provide for necessary standardization of these formats.

lllegal commands. The RT shall be designed to recognize the illegal commands as identified
in table 30-x.x.x. The RT shall respond to these commands as required by MIL-STD-1553B
(4.4.3.9).

Table 30-x.x.x. lllegal commands. (specified by procuring agency)

The illegal commands identified shall include, as a minimum, those mode codes which are not reserved and
which are not implemented by the RT. In addition, the table may include those command words which the
RT is not designed or programmed to operate with.

It should be noted that some RTs are not capable of monitoring for these command words due to the
complexity of the circuitry required to identify an illegal command within the MIL-STD-1553B timing
constraints. However, should the RT function be so critical that the receipt of an unimplemented command
is not tolerable, this specification should be revised accordingly.

Data wrap-around subaddress. The RT shall implement a data wrap-around capability and
shall use a data wrap-around receive and transmit subaddress of 30 (11110) (30.7).

Notice 2 to MIL-STD-1553B requires RTs to provide a data wraparound capability. This paragraph invokes
that capability and specifies the subaddress desired by Notice 2.
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Design goals. Care should be taken in the RT design to allow for growth and flexibility.
Considerations shouid be given to providing spare subaddresses (both transmit and receive)
and data words within used subaddresses.

This requirement provides for future growth of the RT.

Stub coupling. The RT shall have transformer-coupled stub connections as specified in MIL-
STD-1553B. Direct-coupled stubs connections, as specified in MIL-STD-1553B, may be
provided in addition to the transformer-coupied stub connections (4.5.1.5 and 30.10.5).

This general requirement must be included in all RT specifications. If direct-coupled stubs are required (they
may be for Navy applications), the specification should be changed accordingly.

General. The requirements of MIL-STD-1553B shall be implemented for an RT without
exception unless otherwise agreed to in writing by the procuring activity.

This general requirement should be included in all RT specifications.

Data requirements. A muitiplex interface control document (MICD) describing the RT interface
with the MIL-STD-1553B multiplex data bus shall be prepared and submitted to the Govern-
ment in accordance with the contract data requirements.

This requirement provides for the delivery of the interface documentation required to provide for life cycle
maintenance of the RT.

QUALITY ASSURANCE PROVISIONS

Methods of Inspection

Interfacs testing. The RT shall be tested in accordance with section 100, RT Validation Test
Pian, of MIL-HDBK-1553. Production units shall be tested in accordance with SAE RT
Production Test Plan AS 4112. An RT Test Pian (data item DI-T-3702A) and an RT Validation
Test Report shall be provided (data item DI-T-5247).

This general requirement, which provides for validation testing and production testing, should be included in
all RT specifications. The data items cited are suitable for all DOD agencies.

NOTES

Data requirements. When this specification is used in an acquisition that incorporates a
contract data requirements list (CDRL) (DD form 1423), the data requirements identified in the
following list shall be developed as specified by an approved data item description (DID) (DD
form 1664).

Para. no. Data requirements Applicable DID no. Options
Muitiplex Interface DI-MISC-60343 —_—

Control Document

The data requirements shall be delivered in accordance with the approved CDRL incorporated
into the contract. When the provisions of DOD FAR supplement, part 27, subpart 27.410-6, are
invoked and the DD form 1423 is not used, the data requirements specified in the list shall be
delivered by the contractor in accordance with contract or purchase order requirements.
Deliverable data required by this specification are also cited in the list.
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This requirement provides for the delivery of an MICD prepared in accordance with an Army DID. Similar DIDs,

consistent with the data word and message preparation formats in section 80 of this handbook, should be
specified to meet Navy and Air Force requirements.

30.4.2 Bus controller (BC) example specification.

The example paragraphs provided below assume that the BC will be a bus controller on a MIL-STD-1553B
dual standby-redundant data bus. The following paragraphs might be suitable for inclusion as specification
performance requirements. These paragraphs are not recommended to be included as is, but should be
modified as appropriate for the specific design.

SCOPE
APPLICABLE DOCUMENTS

Government documents
Specifications, standards., and handbooks

MILITARY STANDARDS

MIL-STD-1553B Digital Time Division Command/Response Multiplex Data Bus.
MIL-HDBK-1553A Multiplex Applications Handbook.

Non-Government Documents

COMMERCIAL STANDARDS
Society of Automotive Engineers

AS 4113 Validation Test Plan for the Aircraft Internal Time Division Command/
Response Multiplex Data Bus Controllers.

AS 4114 Production Test Plan for the Aircraft Internal Time Division Command/
Response Multiplex Data Bus Controllers.

The documentation listed above is recommended for inclusion in all BC specifications. Additional pertinent
documentation is described in paragraph 10.7 of MIL-STD-1553B.

REQUIREMENTS

Design

Digital Interface. The bus controller (BC) shall implement an embedded, high speed digital
interface that shall provide the capability to initiate transfers over the MIL-STD-1553B
multiplex data bus.

This general requirement should be included for all BCs.

Data bus interface. The BC shall use a dual standby-redundant interface in accordance with
MIL-STD-1553B (4.4.2).

This general requirement should be included in the specifications for all BCs that implement both dual standby-

redundant architectures and other architectures and should invoke the latest version of MIL-STD-1553B. If
any Government-furnished equipment or contractor-furnished equipment to be provided does not meet the
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latest version of MIL-STD-1553B, then the version and notice to which the equipment was designed should
be explicitly specified.

Function. The digital interface shall function in accordance with the MIL-STD-1553B require-
ments for a Bus Controller (BC). (4.4.2)

This general requirement should be included in all BC specifications invoking the latest version of MIL-STD-
1553B. If either Government Furnished Equipment or Contractor Furnished Equipment is to be provided
which does not meet the latest version of MIL-STD-1553B, then the version and notice to which the equipment
was designed should be explicitly specified.

Address programming. If an address is assigned to the BC, the BC address shall be program-
mable through seven pins provided on an external connector. Five pins shall define the BC
address. The sixth pin shall be used as parity for the BC address. The seventh pin shall be
a return line and be used to program the address and parity pins to logic zero. An open address
or parity pin shall be a logic one. The BC address shall be established in the wiring (4.3.3.5.1.2
and 30.3).

ABC must be assigned an address only when it has the capability to act as an RT. If required, a specific method
of implementing a unique BC address should be specified. The method of providing the address to the BC
is not stated in MIL-STD-1553B. However, if an address is assigned to a BC, then the requirements of Notice
2 to MIL-STD-1553B (paragraph 30.3), imposed for the RT addressing technique, should be applied.

Data bus connectors. Two physically separate connectors that meet the requirements of MIL-
STD-1553B shall be provided on the BC interface to the data bus (4.5.1.5.3).

The above requirement should be specified for a BC. The requirement is for a BC on a dual standby-redundant
data bus. A similar requirement should be specified for BCs on other than dual standby-redundant buses. The
data buses may be connected by pins within a larger connector.

Message formats. The BC shall be capable of issuing all message formats, nonbroadcast and
broadcast, as specified in MIL-STD-1553B (4.3.3.6 and 30.8).

This general requirement must be included in all BC specifications.

Mode codes. The BC shall be capable of issuing and transmitting the nonbroadcast and
broadcast mode code commands specified in MIL-STD-1553B and table 30411 (table |,
4.3.35.1.7, and 30.4.2.1).

Notice 2 requires that all assigned mode codes be implemented in all BCs. Note that the following mode codes
have pre-defined responses: dynamic bus control, inhibit terminal flag, override inhibit terminal flag bit, and
transmit last command.

Status flags. The BC shall be capable of processing RT status information as specified in MIL-
STD-1553B and table 30-1V (4.3.3.5.3).

Processing requirements for status bits should be specified for the BC.
RT addressing. The BC shall implement the capability of addressing 31 RTs within the remote
terminal address range 00000 through 11110, inclusive. Remote terminal address 11111 shall

be implemented and shall be reserved for broadcast information transfers as specified in MIL-
STD-1553B (4.3.3.5.1.2 and 30.8).
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Broadcast
T/IR | Mode Associated command
bit code Function data word allowed Required
1 | 00000 Dynamic bus control No No No
1 | 00001 Synchronize No Yes No
1 | 00010 Transmit status word No Yes Yes
1 ] 00011 Initiate self-test No Yes No
1 | 00100 Transmitter shutdown No Yes Yes
1 ] 00101 Override transmitter
shutdown No Yes Yes
1 | 00110 Inhibit terminal flag bit No Yes Yes
1 | 00111 Override inhibit
terminal flag bit No Yes Yes
1 | 01000 Reset remote terminal No Yes Yes
1 10000 Transmit vector word Yes No Yes
0 | 10001 Synchronize Yes Yes Yes
| 10010 Transmit last command Yes No No
| 10011 Transmit BIT word Yes No No
0 | 10100 Selected transmitter
shutdown Yes Yes Yes
1 | 10101 Override selected
transmitter shutdown Yes Yes Yes
Table 30-1V. BC Status Flag Requirements
Bit time Status bit Requirement
9 Message error bit Required
10 Instrumentation bit Always logic zero
1 Service request bit Required
12-14 Reserved status bits Always logic zero
15 Broadcast command received bit Required
16 Busy hit Required
17 Subsystem flag bit Required
18 Dynamic bus control acceptance bit Required
19 Terminal flag bit Required
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This general requirement should be included in all BC specifications to allow for future system growth and to
ensure that the BC is capable of addressing all RTs.

Sample consistency. Messages transmitted over the data bus shall contain only mutually
consistent samples of information. Different words used to transmit muitiple precision
parameters, updated at the same rate, shall all be members of the same sample set. SuiTable
buffering and transmission control logic shall be provided to prevent transmission of a
partiaily updated message that wouid contain mutually inconsistent data.

This requirement should be included in any specification fora BC that has multiple, time-dependent data words
to transmit that could be updated while the data are being transmitted on the bus. This includes a BC that
initiates such data words, as well as receives, processes and/or reformats, and retransmits such data words.

Data format. Digital data shall be transmitted in a format compatible with the word and
message formats specified in MIL-STD-1553B. Data words and message formats shall be
developed in accordance with the guidelines in section 80 of MIL-HDBK-1553. Any invalid data
transmitted over the data bus shall be indicated as invalid within the same message in which
the data appear (4.3.3.5 and 4.3.3.6).

This general requirement for message and data formats should be included for all BCs. The second and third
sentences, particularly, should be included in the specification of any BC that initiates or reformats messages
for transmission on the data bus. The guidelines found in section 80 of this handbook provide for necessary
standardization of these formats.

Data wrap-around test. The BC shall implement the capability to perform data wraparound
tests (30.7).

This requirement provides for the capability of performing real-time testing of the MIL-STD-1553B data
communications interface. It should be included in all BC specifications.

Stub coupling. The BC shall have transformer-coupled stub connections as specified in MIL-
STD-1553B. Direct coupled stub connections, as specified in MIL-STD-1553B, may be
provided in addition to transformer-coupled connections (4.5.1.5 and 30.10.5).

This general requirement should be included in all BC specifications. If direct-coupled stubs are required (as
they may be for Navy applications), the specification should be changed accordingly.

General. The requirements of MIL-STD-1553B shall be implemented for a BC, without
exception, unless otherwise agreed to in writing by the procuring activity. If the BC has the
capability of functioning as a RT or BM, then the RT or BM requirements of MIL-STD-1553B
shall be implemented, without exception, unless otherwise agreed to in writing by the
procuring activity (4.4.3 and 4.4.4).

This general requirement should be included in all BC specifications. The second sentence should be included
in the specification of any BC that is required to perform as either an RT or a BM.

Data requirements. A multiplex interface control document (MICD) describing the BC
interface with the MIL-STD-1553B multiplex data bus shaii be prepared and submitted to the
Government in accordance with the contract data requirements.

This requirement provides for delivery of the interface documentation required to provide for life cycle
maintenance of the BC.
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QUALITY ASSURANCE PROVISIONS

Methods of Inspection

Interface testing The BC shall be tested in accordance with AS 4113. Production units shall
be tested in accordance with AS 4114,

This general requirement, which provides for validation testing and production testing, should be included in
all BC specifications.

NOTES

Data requirements. When this specification is used in an acquisition that incorporates a
contract data requirements list (CDRL) (DD form 1423), the data requirements identified in the
following list shall be developed as specified by an approved data item description (DID) (DD
form 1664).

Paragraph no. Data requirements Applicable DID no. Options
Multiplex interface DI-MISC-80343 ——

Control document

The data requirements shall be delivered in accordance with the approved CDRL incorporated
into the contract. When the provisions of DOD FAR supplement, part 27, subpart 27.410-6, are
invoked and the DD form 1423 is not used, the data requirements specified in the list shall be
delivered by the contractor in accordance with contract or purchase order requirements.
Deliverable data required by this specification are also cited in the list.

This requirement provides for the delivery of an MICD prepared in accordance with an Army DID. Similar DIDs,
consistent with the data word and message presentation formats in section 80 of this handbook, should be
specified to meet Navy and Air Force requirements.

30.4.3 Bus monitor (BM) example specification. The example paragraphs provided below assume that
the BM will be a bus monitor on a MIL-STD-1553B dual standby-redundant data bus. The following

paragraphs might be suitable for inclusion as specification performance requirements. These paragraphs are
not recommended to be included as is but should be modified as appropriate for the specific design.
SCOPE
APPLICABLE DOCUMENTS

Government documents

Specifications, standards, and handbooks

MILITARY STANDARDS

MIL-STD-1553B Digital Time Division Command/Response Multiplex Data Bus.

MIL-HDBK-1553A Multiplex Applications Handbook
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Non-government documents

COMMERCIAL STANDARDS

Society of Automotive Engineers, AS 4115, Test Plan for the Digital Internal Time
Division Command/Response Muitipiex Data Bus System.

The documentation listed above is recommended for inclusion in all BM specifications. Additional pertinent
documentation is described in paragraph 10.7 of MIL-STD-1553B.

REQUIREMENTS

Design

Digital interface. The bus monitor (BM) shall implement an embedded, high-speed digital
interface that shall be Dcapable of monitoring transfers over the MIL-STD-1553B muitiplex data

bus.
This general requirement should be included for all BMs.

Data bus interface. The BM shall use a dual standby-redundant interface in accordance with
MIL-STD-1553B.

This general requirement should be included for all BMs that require dual standby-redundant interfaces. A
similar requirement should be specified if the BM is being designed to support other than dual standby-
redundant interfaces.

Function. The digital interface shall function in accordance with the MIL-STD-1553B require-
ments for a BM (4.4.4).

This general requirement should be included in the specifications for all BMs and should invoke the latest
version of MIL-STD-1553B. If any Government-furnished equipment or contractor-furnished equipment to be
provided does not meet the latest version of MIL-STD-1553B, then the version and notice to which the
equipment was designed should be explicitly specified.

Data bus connectors. Two physically separate connectors, meeting the requirements of MIL-
STD-1553B, shall be provided on the BM interface to the data bus (4.5.1.5.3).

This requirement should be specified for a BM on a dual standby-redundant data bus. A similar requirement
should be specified for BMs on buses other than dual standby-redundant.

Stub coupling. The BM shall have transformer-coupled stub connections as specified in MIL-
STD-1553B. Direct-coupled stub connections, as specified in MIL-STD-1553B, may be used
in addition to the transformer-coupled stub connections (4.5.1.5 and 30.10.5).

This general requirement should be included in all BM specifications. If direct-coupled stubs are required (as
they are for Navy applications), the specification should be changed accordingly.

General. The requirements of MIL-STD-1553B shall be implemented for a BM, without
exception, unless otherwise agreed to in writing by the procuring activity (4.4.4).

This general requirement should be included in all BM specifications.
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QUALITY ASSURANCE PROVISIONS

Use paragraphs similar to those for bus controller quality assurance, paragraph 30.4.2 above.
NOTES
Data requirements

Use paragraphs similar to those for bus controller data requirements, paragraph 30.4.2 above.

30.5 System mulltiplex interface control document example

Integrated, multiplexed systems are the rule, rather than the exception, in today’s system. Yet, the
development of documentation, which is essential to the understanding and use of the system, often becomes
a secondary consideration. The Multiplex Intertace Control Document (MICD) is, in concert with specifica-
tions described in Section 30.4, an integral part of the system documentation, providing the protocol and
information transfer requirements necessary to properly perform the integration function.

The MICD is used to define the electrical and physical interfaces related to information transfer over the MIL-
STD-1553B data bus. It documents the system protocol implementation and structure, defines message
blocks, identifies transfer and update rates, details message and data word interrelationships, and specifies
whether the optional features in MIL-STD-1553B are to be implemented. It documents the message traffic
on the MIL-STD-1553B bus in a format which encourages the use of standardized data word and message
formats described in Section 80. Data Item Description DI-MISC-80343, developed specifically for MIL-STD-
1553 systems, contains the format and content preparation instructions for an MICD.

30.5.1 System MICD example. The following text provides typical examples of MICD paragraphs which can
be modified, based on specific system performance requirements, to develop a system MICD. These
paragraphs are not recommended for inclusion in a system MICD as written; they should be modified as
appropriate to reflect the specific system design.

SCOPE
APPLICABLE DOCUMENTS
MILITARY STANDARDS
MIL-STD-1553B Digital Time Division Command/Response Multiplex Data Bus.
MIL-HDBK-1553A Multiplex Applications Handbook.
The documentation listed above is recommended for inclusion in all system MICDs. Additionally, all applicable

military and commercial terminal specifications, the system specification, and ail applicable subsystem MICDs
should be listed.

A system MICD should describe the functions of each of the subsystems which are integrated via the multiplex
bus. This description is not intended to provide a comprehensive explanation of the operation of each
subsystem, but to acquaint the user of the system MICD with the general operation of each subsystem and
how it interacts with other system elements. Detailed subsystem descriptions, whether contained in technical
manuals and/or subsystem MICDs, should be referenced in the “Applicable Documents”, of the system MICD.
The following paragraph would be used to further describe the system:
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Subsystem Connected to Data Bus. The subsystems that are connected to the data bus shall
be as shown in table 30-V.

Table 30-V. Subsystems Connected to Data Bus

ltem Qty per system Type

Remote Terminal A

®

RT-XXXX/%(XX-XXX

LN

. /4
. z
. /4
RT-XXXX/XXX-XXX
BC-XXXXIXXX-XXX
BC-XXXXIXXX-XXX
BM-XXXXIXXX-XXX

Remote Terminal N
Bus Controller A
Bus Controller B
Bus Monitor A

— e NK

All the terminals that are to makeup the system should be listed in this table.

30.5.1.2 Physical Characteristics.

This section of the system MICD defines the physical or electrical characteristics of the MIL-STD-1553 bus
system, particularly those characteristics that are beyond the scope of the standard. Typical example
paragraphs are presented below.

Digital Interface. The system shall implement embedded, serial digital interfaces which shall
be utilized for control, status, and data transfers.

This general requirement should be included for all MIL-STD-15536 systems.

Function. All of the digitai interfaces within the system shall function in accordance with the
MIL-STD-1553B requirements for Remote Terminals (RTs), Bus Controllers (BCs), or Bus
Monitors (BMs), as appropriate. (4.4.2, 4.4.3, and 4.4.4)

This general requirement should be included in all system MICDs, invoking the latest version of MIL-STD-
1553B. If either Government Furnished Equipment or Contractor Furnished Equipment is to be provided
which does not meet the latest version of MIL-STD-15536, then the version and notice to which the equipment
was designed should be identified.

General. The requirements of MIL-STD-1553B shall be implemented for the system, without
exception, unless otherwise agreed to in writing by the procuring activity.

This general requirements should be included in all System MICDs.

Data Bus Topology. The system shall utilize a single level bus topology with a dual, standby-
redundant MIL-STD-1553B data bus, as shown in figure 30-1.

This general requirement should be included and illustrated for all systems that use a single level topology

with a dual, standby-redundant data bus. A similar requirement should be included and illustrated for systems
utilizing single level topologies with other redundancy requirements. Multiple level topologies require
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1553
data
bus

Remote Remote Bus Bus
Terminal A | **®| Terminal N Monitor A Controller

Figure 30-1. System Configuration - Normal Operation

additional detail. An example of this would be a weapon system which utilizes a series of single level bus
topologies, each handling a different function and operating independently of the others, but with equivalent
levels of control. In this case, the MICD should include the function of each bus, the terminals connected to
each bus, and any communication between any of the buses.

Redundancy. The redundant buses shall be physically separated from one another, and shall
not be routed within the same wire bundles except at the point of entry Into an RT, BC, or BM.
A backup bus controller, which operates as either an RT or a bus monitor under normal
operating conditions, shall be provided to assume control of the bus in the event of failure of
the primary bus controller. The backup bus controller shall be physically separated from the
primary bus controller.

This requirement is designed to ensure that the survivability requirements of the system are met. These
requirements, in turn, influence the selection of data bus topology and control methods.

Data bus connectors. Two physically separate connectors, meeting the requirements of MIL-
STD-1553B, shall be provided on each interface to system terminals. All terminal addresses
shall be programmable through seven pins provided on a third external connector. Five pins
shall define the address. The sixth pin shall be used as parity for the address. Odd parity shall
be used. There shall be no response to any message if the address parity is not valid. The
seventh pin shall be a return line and be used to program the address and parity pins to logic
zero. An open open address or parity pin shall be a logic one. The address shall reestablished
in the system wiring. (4.3.3.5.1.2, 4.5.1.5.3, 30.3)

This requirement should be included for all systems that utilize a dual-redundant data bus. A similar
requirement should be included for systems that utilize buses other than dual-redundant. The specific method
used to implement unique addresses should be described. The method of providing the address to a terminal
is not stated in MIL-STD-1553B. However, Notice 2 to MIL-STD-1553B (paragraph 30.3) imposes
requirements on the addressing technique. If it is necessary to assign an address to a BC, then these
requirements apply equally to it.

Terminal Address Assignments. The terminal address assignments for the system shall be
as listed in table 30-VI.

The definition of the terminal addresses should be included in all system MICDs. In general, lower numbered
addresses should be assigned first (except for 00000), with higher numbered addresses reserved for future
system growth.

Stub coupling. The system shall have transformer coupled stub connections as specified in
MIL-STD-1553B. (4.5.1.5, 30.10.5)
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Table 30-VI Terminal Address Assignments

Terminal Terminal
address
00000 Reserved
00001 Bus Controller A (primary)
00010 Bus Controller B (back-up)
00011 Remote Terminal A
Z °
b .
XXXXX Remote Terminal N
° Reserved
VA .
11111 Reserved

This general requirement should be included in all system MICDs. If direct coupled stubs are required, as they
are for Navy applications, the MICD should be changed accordingly.

System Security. The system data bus shall be an all BLACK bus; only encrypted or
unclassified signals shall be transmitted over it. No terminal that handles unencrypted
classified signals shall be connected directly to the bus. The system shall include TEMPEST
design to prevent compromising emanations from by-passing the encryption circuitry.

This paragraph describes the system security architecture. Other possible architectures are discussed in
paragraph 60.2.3.6 of this handbook.

30.5.1.3 Protocol. The protocol section of a system MICD defines the specific MIL-STD-1553B protocol
features, such as message formats, mode codes, and status flags, and specifies their implementation within
the system. In situations where terminal capabilities differ, such as an RT without the capability to respond
to a Transmit Vector Word mode command, the MICD should provide terminal specific requirements. In
developing the system protocol, data on the following is identified for each subsystem, and should be included
in the system MICD.

a.

b.

Condition which sets the option status word bits (busy, service request, subsystem flag, terminal flag).
Mode code conditions.

Specific conditions for generation of mode code commands and required responses to these.

lllegal command detection (what is legal for the box and what actions are taken for illegal commands).

Timing limits associated with the mode codes (i.e., actual length of time needed to reset or perform self
test).

Discretes to be monitored and a detailed operation of each (e.g., ‘on-line’ or BC/BBC).

Specific power up initialization sequence including required messages or programming (e.g., data loads,
parameter initialization, operational controls, degraded mode, etc.).
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Maximum power uptime until ‘on-line’, including sequence (e.g., no response, followed by busy, followed
by normal).

Aperiodic messages (if any) must be identified and the mechanism (such as Transmit Vector Word Mode
Code) defined to allow the subsystem to transmit the message.

Message timing constraints, sequencing, transfer rates, and interaction (if any) with the busy bit.
Subsystem self-test procedures (internal, data wraparound, BIT, etc.).

Data coherence, data validity, and sample consistency procedures.

Service request procedures (command sequence or vector word definitions).

Unique shutdown requirements.

Unique or subsystem specific message strings (loading, mass transfer, sequence of messages, etc.).
Validity bits (usage, rules for setting, interaction with data).

Operational characteristics during “shutdown” transmitter mode code (i.e., is the terminal still capable of
receiving and processing data from the bus).

Additionally, system operating characteristics such as the following should be included in the system MICD.

h.

Bus controller response to status bits.

Mode code conditions.

Message restrictions or data transformation (units or coordinate system) requirements.
Message timing restraints, sequencing, transfer rates, and interaction (if any) with the busy bit.
System self-test procedures.

Specific polling procedures for monitoring bus and terminal health.

Modes of operation and specific procedures associated with each (e.g., built-in-test, initialization, normal
and degraded operation, maintenance, or priority operation).

Data resolution requirements, not to exceed subsystem capabilities.

Typical example protocol paragraphs are as follows:

Information Transfer Formats. The system shall implement the following non-broadcast mes-
sage formats, as specified in paragraph 4.3.3.6 of MIL-STD-1553B: RT to BC transfers, BC to
RT transfers, RT to RT transfers (receive and transmit), and mode command without data word
transfers. in addition, the system shall implement the broadcast synchronize mode command
(with and without data word). (4.3.3.6, 30.8)

The information transfer formats to be implemented in the system should be described in all system MICDs.
Notice 2 to MIL-STD-1553B requires that remote terminals implement, as a minimum, the non-broadcast
information transfer formats defined in the example paragraph above, and that BCs have the capability to issue
all information transfer formats.
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Message Traffic - Normal Operation. The message traffic for the system under normal
operating conditions should be as shown In figure 30-2.

This type of description of normal message traffic flow should be included in all system MICDs. Also see
paragraph 30.5.7 of this section. A description of degraded and backup modes of operation (if any) should
also be included in the system MICD.

Mode Codes. The system protocol shall implement mode commands as specified in table 30-
VIl and paragraph 4.3.3.5.1.7 of MIL-STD-1553B (4.3.3.5.1.7, 30.4.2.1, table 1)
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A BC ABC-RT D02 > RTD ,
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N
\ 8c 4 . r ('3,37 & ..QV

RT D03-BC B08
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\ / \ (back-up) /
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Figure 30-2. Message Flow Diagram - Normal Operation
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Table 30-VII. System Mode Codes

Broadcast

TR | Mode Associated | command

BIT | code Function dataword | allowed Implemented
! 00000 | Dynamic bus control No No No
! 00001 | Synchronize No Yes No
! 00010 | Transmit status word No No Yes
1 00011 Initiate self test No Yes No
! 00100 | Transmitter shutdown No Yes Yes
| 00101 Override transmitter shutdown No Yes Yes
! 00110 | Inhibit terminal flag bit No Yes No
! 00111 | Override inhibit terminal flag bit No Yes No
! 01000 Reset remote terminal No Yes Yes
! 10000 Transmit vector word Yes No Yes
0 10001 | Synchronize Yes Yes No
1 10010 | Transmit last command Yes No No
1 10011 Transmit BIT word Yes No No
0 10100 | Selected transmitter shutdown Yes Yes No
0 10101 Override selected transmitter shutdown Yes Yes No

Table 30-VII reflects the system mode code implementation. It may also be necessary to specify the mode
code requirements on an RT by RT basis. The system should implement the Notice 2 required mode codes,
where subsystem capabilities permit. Note that the following mode codes have predefine responses, if
implemented: Dynamic Bus Control, Inhibit Terminal Flag Bit, Override Inhibit Terminal Flag Bit, and Transmit
Last Command. Also, implementation of the Transmit Vector Word mode code (normally in conjunction with
the service request bit) is recommended for RTs that implement time critical asynchronous functions requiring
aperiodic service by the BC. The Selected Transmitter Shutdown (00100)and Override Selected Transmitter
Shutdown (00101) mode codes should be specified in RTs designed for system architectures that employ a
minimum of triple redundancy. Specific information on the mode commands can be found in section 60.3.1.3.

Dynamic Bus Control. The system shall not implement the Dynamic Bus Control mode code.

This mode code is used, together with the Dynamic Bus Control Acceptance Bit of the status word, to pass
control from one BC to another in a “Nonstationary Master” scheme of bus control. If required for system
operation, the MICD should specify the BCs allowed to accept control of the bus and control requirements
(such as timing, priorities, and frequency of bus control exchange).

Synchronize (without dataword). The system shall implement the Synchronize (without data
word) mode code.

If this mode code is used, the MICD should reflect which terminals will respond to it and should functionally
specify the synchronization type (such as time, message table, or minor or major cycle indication synchroni-
zation) required to occur.

Transmit Status Word. The system shall implement the Transmit Status Word mode code.
This mode code shall be used to retrieve the status word from an RT, when the RT fails to
transmit a status word in response to a non-broadcast message or following the transmission
of a broadcast message. If the status word reveals a message error, terminal error recovery
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processing procedures shall be initiated. Transmission of this mode command to each
broadcast-capable RT shall be initiated within 150.0 milliseconds following the transmission
of each broadcast command, with all transmission occurring within the same minor frame. If
any status word does not have the Broadcast Received bit set, terminal error recovery
processing procedures shall be initiated.

This mode code is required by Notice 2 for implementation in all RTs. If it is to be used by the system protocol,
an appropriate specification should be provided.

Initiate Self Test. The system shall implement this command as specified in 4.3.3.5.1.7.4 of
MIL-STD-1553B. Results of the self test shall be available within 100.0 milliseconds. If a failed
terminal is identified, terminal error recovery processing procedures shall be initiated.
(4.3.3.5.1.7.4, 30.4.4)

If the Initiate Self Test mode command is specified as required, the timing requirement and unique RT
responses, as well as the system protocol response, should be included in the MICD.

Transmitter Shutdown. The system shall implement the Transmitter Shutdown mode code as
specified in MIL-STD-1553B. It shall be used to shutdown any transmitter designated as failed
by the BC.

This mode code is required by Notice 2 for implementation in all RTs. If it is to be used by the system protocol,
an appropriate specification should be provided. This mode code is only used in dual redundant systems. It
will cause an RT to disable the transmitter associated with the alternate bus from which this command is
received.

Override Transmitter Shutdown. The system shall implement the Override Transmitter
Shutdown mode code as specified by MIL-STD-1553B.

This mode code is required by Notice 2 for implementation in all RTs. If it is to be used by the system protocol,
an appropriate specification should be provided. This mode code is only used in dual redundant systems. It
will cause an RT to enable the transmitter associated with the alternate bus, which was previously disabled
using the Transmitter Shutdown mode code.

Override Terminal Flag Bit. The system shall not implement the Inhibit Terminal Flag Bit mode
code.

If this mode code is used, the MICD should reflect which terminals will respond to it and the conditions under
which it is to be transmitted.

Override Inhibit Terminal Flag Bit. The system shall not implement the Override Inhibit
Terminal Flag Bit mode code.

If this mode code is used, the MICD should reflect which terminals will respond to it and the conditions under
which it is to be transmitted.

Reset Remote Terminal. The system shall implement this command as specified in
4.3.3.5.1.7.9 of MIL-STD-1553B. This mode code shall be issued to all RTs to initiate bus
operation (power-up) and may be used in terminal error recovery procedures for a failed RT.
(4.3.3.5.1.7.9, 30.4.3)

This mode code is required by Notice 2 for implementation in all RTs. If it is to be used by the system protocol,
an appropriate specification should be provided.
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Transmit Vector Word. The system shall implement the Transmit Vector Word mode code, to
be used in conjunction with the Service Request Bit of the status word, to identify specific
aperiodic service requests from the system RTs. The Transmit Vector Word mode code shall
be issued within the same minor frame in which the service request was received by the BC.

If this mode code is used, the MICD should reflect which terminals will respond to it and the conditions under
which it is to be transmitted. It is typically used in conjunction with the Service Request bit in the status word
to signal a service (such as an aperiodic message transfer) required by an RT.

Synchronize (with data word). The system shall not implement the Synchronize (with data
word) mode code.

If this mode code is used, the MICD should reflect which terminals will respond to it and should functionally
specify the synchronization type (such as time, message table, or minor or major cycle indication synchroni-
zation) required to occur.

Trans mit Last Command. The system shall implement the Transmit Last Command mode
code. This mode code shall be used in the error recovery process.

If this mode code is used, the MICD should specify the conditions under which it is to be transmitted.

Transmit BIT Word. The system shall implement the Transmit BIT Word mode code. As a
minimum, all RTs shall provide a Go/No-Go indication. This mode code shall be transmitted
to an RT not less than 100 milliseconds after transmission of an initiate Self-Test mode code.

If this mode code is used, the MICD should reflect which terminals will respond to it and should functionally
specify the contents of the BIT response and the timing.

Selected Transmitter Shutdown. The system shall not implement the Selected Transmitter
Shutdown mode code.

This mode code is not required for dual-redundant systems. Should system redundancy be triple-redundant
or greater, this mode code should be used in place of the Transmitter Shutdown mode code.

Override Selected Transmitter Shutdown. The system shall not implement the Override
Seiected Transmitter Shutdown mode code.

This mode code is not required for dual-redundant systems. Should system redundancy be triple-redundant
or greater, this mode code should be used in place of the Override Transmitter Shutdown mode code.

Undefined mode code. The system shail process an undefined mode code as an illegal
command. (4.4.3.4)

Table | of MIL-STD-1553 lists assigned and reserved mode codes. Processing of all other T/R bit/mode code
combinations should be specified.

lllegal Commands. The system shall be designed to recognize the illegal commands identified
in table 30-VIIl. The system shall respond to these commands as required by MIL-STD-1553B.
(4.4.3.49)

The illegal commands identified shall include, as a minimum, those mode codes which are reserved and
unimplemented. In addition, the table may include those messages which the system is not designed or
programmed to operate with.
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Table 30-VIII lllegal Commands

lllegal commands
Address
Subaddress/mode code field Mode code number
All 00000, 11111 00000, 00001
01001 to 01111
10100, 10101
00011 000111 to 11101 10110 to 11111
01000 00010, 00100, 01110, N/A
10010, 11000, 11101 N/A

It should be noted that some RTs are not capable of monitoring for illegal commands due to the complexity
of the circuitry required to identify an illegal command within the MIL-STD-1553B timing constraints. The BC
should be designed so that it can not transmit an illegal command.

Status flags. The system shall implement status bits as specified In table 30-IX and MIL-STD-
1553B. (4.3.3.5.3, 30.5.2)

Table 30-IX. System Status Bits

Bit time Status bit Requirement
9 Message error bit Required

10 Instrumentation bit Always logic zero
1 Service request hit Required

12-14 Reserved status bits Always logic zero
15 Broadcast command received hit Required

16 Busy bit Required

17 Subsystem flag bit Required

18 Dynamic bus control acceptance Always logic zero
19 Terminal flag bit Required

Table 30-IX reflects the status bits implemented within the system. It may also be necessary to specify the
status bit requirements on an RT by RT basis. The system should implement the Notice 2 required status bits,
where subsystem capabilities permit. If an RT implements broadcast, self test, or dynamic bus control, then
the corresponding status bits should also be specified. The busy bit may only be used in pre-defined
circumstances. Also, implementation of the service request bit (typically in conjunction with the Transmit
Vector Word mode code) is recommended for RTs that implement time critical asynchronous functions
requiring aperiodic service by the BC. Detailed information on the status bits can be found in sections 60.3.1.3
and 60.3.4.4.

Message Error Bit. The system shall implement processing for the Message Error Bit of the
status word as specified by MIL-STD-1553B. An indication of a message error shall initiate
terminal error recovery processing.
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The MICD should specify the processing to be accomplished in the event of an error indication.

Instrumentation Bit. The system shall not implement processing for the Instrumentation Bit
of the status word. It shall always be set to zero.

If this status bit is used, subaddresses for the system RTs must be limited to 00000 through 01111. This should
be listed in the MICD. Also, the RTs should have the capability to differentiate between the command word
and status word through the use of the instrumentation bit.

Service Request Bit. The system shall implement the Service Request Bit of the status word,
to be used in conjunction with the Transmit Vector Word mode command to identify specific
aperiodic service requests from system RTs. A service request from an RT shall be acted upon
within the same minor frame in which the request was received by the BC. The Service
Request Bit shall not be used to identify service requests for periodic message transmissions.

If this status bit is used, the MICD should specify whether use of the Transmit Vector Word mode code is
implemented, the type of messages for which its use is appropriate, and the time frame in which the request
must be acknowledged.

Broadcast Command Received Bit. The system shall implement processing to verify that the
Broadcast Command Received Bit of the status word is set following receipt by an RT of a
broadcast message.

If this status bit is used, the MICD should specify the system processing required to support implementation
of this status flag.

Busy Bit. The system shall implement processing in the event that an RT sets the Busy Bit
of the status word. The busy bit shall be set only upon the failure of the RT and/or the
associated subsystem, or if data cannot be transferred to or from the subsystem. if a busy
condition occurs, system processing shall be determined on an RT-by-RT basis. (4.3.3.5.3.8,
30.5.3)

Any busy condition in the RT or subsystem that will cause the busy bit to be set, affecting communications
over the data bus, should be identified. The duration of the busy condition should also be specified, when that
condition results from the receipt of particular commands and/or messages by the RT. Notice 2 to MIL-STD-
1553B request that specific, predictable conditions be defined that determine when the RT will set the busy
hit. The system protocol could treat all busy conditions identically or could be tailored to the peculiarities of
each RT.

Subsystem Flag. The system shail implement processing in the event that an RT sets the
Subsystem Flag Bit of the status word. if the bit is set, system reconfiguration processing
shall be initiated.

If this status bit is used, the MICD should specify the system reconfiguration processing procedure required
to maintain a specified operational capability.

Dynamic Bus Control Acceptance Bit. The system shall not implement processing for the
Dynamic Bus Control Acceptance Bit of the status word. it shall always be set to zero.

If this status bit is used, the MICD should specify the procedures required to implement dynamic bus control,
including the message sequences, timing, and terminal error recovery processing procedures.
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Terminal Flag Bit. The system shall implement the Terminal Flag Bit of the status word. The
BC, upon receipt of a set terminal flag bit in a status word, shall initiate error recovery
processing for the indicated RT channel (4.3.3.5.3.11).

Alternatively, a single terminal flag could be used that does not discriminate between the two channels of a
dual redundant RT.

Data Bus Control. Sole control of information transfer on the data bus shall reside with the
primary bus controller, which shall initiate all transmissions. In the event of failure of the
primary bus controller, the backup bus controller shall automatically assume sole control of
information transfer on the data bus.

This general requirement is applicable to all systems that use the “Stationary Master” concept of bus control,
with a primary and backup bus controller. A similar requirement should be specified on any system that utilizes
any other form of the “Stationary Master” bus control concept. The “Nonstationary Master” bus control
concept, where control of the bus is shared among two or more terminals, requires a more detailed
specification, including a listing of all potential bus controllers and criteria to determine when control should
pass from one BC to the next. Specification of the method of passing bus control from BC to BC, such as the
use of the Dynamic Bus Control mode code and the Dynamic Bus Control Acceptance Bit in the status word,
should also be included when this bus control concept is utilized.

Positive Response. All communications over the data bus shall be restricted to the transfer
modes described in paragraph 4.3.3.6 of MIL-STD-1553B. All information transferred shall be
addressed to a specific terminal; in no case shall any terminal to which data are not specifically
addressed, except a bus monitor, make use of those data. Bus controllers shall monitor the
bus for the purpose of error recovery processing. This mode of operation shall ensure that
a positive response is received for all error-free information transfers, thus ensuring that the
bus controllers can properly monitor system status.

This specification ensures that all information transfer on the data bus complies with the commandhesponse
protocol established by MIL-STD-1553B.

Frame Structure. The frame structure of the multiplex data bus shall consist of a major frame
of 160 milliseconds in duration which shall be composed of eight minor frames of 20 millisec-
onds in duration. Within each minor frame, all data to be transmitted at a 50-Hz rate shall be
transmitted at the beginning of the frame. During each odd-numbered minor frame, following
the transmission of the 50-Hz data, all 25-Hz data transfer shall occur. During minor frames
4 and 8, following transmission of the 50-Hz data, all 12.5-Hz data transmissions shall occur.
All 6.25-Hz data transmissions shall occur during minor frames 2 and 6, in order to evenly
distribute the 6.25-Hz data load.

The frame structure of a system should be specified, including major and minor frame time, and transfers to
occur in each of the frames. The specified structure shouid accommodate the maximum update rates required
for time critical messages, while at the same time providing an adequate schedule reserve for error recovery
procedures, system synchronization, aperiodic message traffic, and system growth.

Data format. Digital data shall be transmitted in a format compatible with the word and
message formats specified in paragraphs 4.3.3.5 and 4.3.3.6, respectively, of MIL-STD-1553B.
The development of data words and message formats shall be in accordance with the
guidelines in Section 80 of MIL-HDBK-1553A. Any invalid data transmitted over the data bus
shall be indicated as invalid within the same message as the data appears. (4.3.3.5, 4.3.3.6)

This general requirement for message and data word formats should be included for all systems. The
guidelines found in Section 80 of this handbook provide for necessary standardization of these formats.
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Sample Consistency. Messages transmitted over the data bus shall contain only mutually
consistent samples of information. Different words used to transmit muitiple precision
parameters, updated at the same rate, shall all be members of the same sample set. Suitable
buffering and transmission control logic shall be provided to prevent transmission of a
partially updated message that would contain mutually inconsistent data.

This requirement should be included in any MICD for a system that has multiple, time dependent data words
to transmit that could be updated while the data is being transmitted on the bus.

Variable Message Blocks. All terminals in the system shall be capable of transmitting a subset
of any message defined for it. These subsets shall consist of messages with word counts
varying from 1 to the maximum word count defined for the particular message.

This specification provides for tailoring message transmissions to system requirements.

Power Up and Power Down. During power up initialization or power down periods, all RTs in
the system shall respond to a valid command in one of the following three ways: RT off-line
(no response on the data bus), status word transmitted with the busy bit set, or normaL
response. if any data or status words are transmitted from the RTs, the information content
of the data or status words must be valid. Simliarly, if any data are received by the RT and
passed onto the subsystem, the information content of the data words must be valid.

The response of all the RTs in the system during power up and power down should be specified.

Error Recovery.

Terminal Error Recovery. Upon determination that terminal error recovery proc-
essing is required, the active bus controller shall determine if a retry has been accomplished.
If a retry has not been accomplished, the command sequence which resulted in the error shall
be reinitiated. if a retry has already been accomplished, the active bus controller shall attempt
to reinitiate the command sequence on the alternate bus. Once the active bus controller has
established error-free communications with the terminai over the alternate bus, the active bus
controller shall set the terminal status on the main bus to “terminal failed”, and all subsequent
communications involving the failed terminal shall occur via the alternate bus.

When an error is detected on the alternate bus, an attempt shall be made by the active bus
controller to communicate via the main bus. If errors continue to be detected on both buses,
communications will be attempted alternately between the main and alternate buses until
communication is inhibited manually or by program control.

Bus Controller Error Recoverv Processing. Upon determination that the active bus controller
has failed, the backup bus controller shall assume control of the bus within 100 microseconds
of the detection of the failure. The backup bus controller shall resume processing at the
beginning of the minor frame during which the failure was detected.

These requirements provide for handling of detected errors. MIL-STD-1553B allows the system designer to
select the specific course of action to be taken if errors are detected. The system response to detected errors
should be specified in detail.

System Growth Provisions. The system design should allow for growth and flexibility.
Consideration should be given to providing spare subaddresses (both transmit and receive),
spare data words within used subaddresses, spare frame time in the major and minor frames,
and spare capability in the system BC and RTs.
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This paragraph provides for the future growth of the system. The growth provisions of the system should be
described in detail in a system MICD.

Data Wrap-Around Subaddresses. The system shall impiement a data wrap-around capabil-
ity and shall reserve a data wrap-around receive and transmit subaddress of 30 (11110). (30.7)

Notice 2 to MIL-STD-1553B requires RTs to provide a subaddress to support the data wrap-around
requirement. This paragraph invokes that capability and specifies the subaddress “desired” by Notice 2.

30.5.1.4 Interface Diagram. This section of the system MICD provides an overview of the system data bus
interface via a series of functional block diagrams. Each terminal in the system is separately depicted, along
with all data bus interfaces to that terminal.

Message Functional Interface Diagrams. Message functional interface diagrams for each
system terminal are shown in figures 30-3 through 30-X.

30.5.1.5 System Conventions This section of the MICD describes all conventions specific to the system,
such as coordinate systems.

XXXXSX-YYYYSY > Interfacing
XXXXSX-YYYYSY " > terminal
< XXXXSX-Yyyysy RT-XXX
Terminal/
subsystem
nomenclature
XXXXSX-YYYYSY b >
RT-XXX XXXSX S b
X YYYYSY » Interfacing
‘ XXXXSX-YYYYSY IS terminal
< XXXXSX-YYYYSY b BC-XXX
< XXXXSX-YYYYSY -

* Message identification format as defined in Section 80.
** Message function.

Figure 30-3 Through 30-X. Example Message Functional Interface Diagram

30.5.1.6 Message Descriptions. This section of the system MICD is divided into two subsections, Receive
Messages and Transmit Messages, with the messages within each subsection ordered by alphabetizing the
message ID (sorting on source and source subaddress within the message ID). Each subsection includes
the subset of the RT’s entire message set that is required for system operation. A particular RT may have the
capability to receive or transmit additional messages which are not represented within the set required by the
system - such messages would not appear in the system MICD. Each message is described by a message
format ICD presentation sheet, as described in Section 80, followed by a complete set of data word format
ICD presentation sheets which detail each word in the message, including the command word(s), data
word(s), and status word(s), as appropriate.

Section 30 30-26



MIL-HDBK-1553A
1 November 1988

30.5.2 MICD Data Base. The MICD Data Base is a tool designed to assist the user in creating, updating, and
storing MIL-STD-1553B MICDs. It can be accessed via telecommunications, allowing the user access to files
containing the standard data word and message presentation sheets, which can be copied into the user area
and customized to the particular system or subsystem being described. An Optical Character Read (0.C.R)
capability is also available, which allows the user to scan existing documents into the database file. Once

an MICD exists in the data base, it can be viewed by all users, but only updated by users with proper
authorization.

For further details, including information on how to access the data base, contact:

U.S. Army Aviation Systems Command (AVSCOM)
Life Cycle Software Engineering Office

Avionics Division (AMSAV-WE)

Building 2525

Fort Monmouth, NJ 07703-5000
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40. MEDIA DESIGN

40.1 INTRODUCTION. A MIL-STD-1553B system consists of remote terminals (RTs), bus controllers (BCs),
bus monitors (BMs) and the media that interconnect the terminals. Section 50 discusses the requirements
and considerations associated with terminal design. This section discusses the design requirements and
considerations for interconnecting the terminals. The basic medium for MIL-STD-1553B (referred to as 1553B
in this discussion) communications is two-conductor, twisted, shielded, jacketed transmission cable. Along
with the cable, there are transformers, resistors, and connectors that make up the set of media available to
the designer. These media are assembled to forma properly terminated bus with terminal connection ports
called stubs. This is the bus network.

The most important network aspect is its ability to transmit data waveforms with minimal distortion. This aspect
is the waveform quality and is discussed in paragraph 40.9. The purpose of section 40 is to give the reader
the knowledge to design and build a MIL-STD-1553B bus network that will workorto analyze one that already
exists. This will be done by providing the tools necessary to simulate or model the bus networks to determine
waveform quality. Topology effects on waveform or quality will also be discussed, along with how to minimize
distortion. Models will be discussed using ideal transmission line theory and will be extended to include losses
and other real effects on voltage waveform quality.

Paragraphs 40.3, 40.4 and 40.5 provide a description of MIL-STD-1553B networks, the waveform type used
and the components that make up the network. They are intended to give the reader a basic understanding
of what a network is and the type of coding used. Paragraphs 40.6, 40.7 and 40.9 are a discussion on distortion
sources, rules for evaluating a network and waveform quality. These are included to show causes and
calculation of distortion as well as its effects on waveform quality. Most of the material in these sections
assumes a background in transmission linetheory. Paragraph 40.8 discusses network simulation. Paragraph
40.10, which sets out the design guidelines, is written in nontechnical language. The design guidelines are
for the network designer who is seeking a brief set of suggestions that will aid in designing a network that will
have the least likelihood of problems.

Note that, throughout section 40, paragraph numbers in parentheses refer to MIL-STD-1553B, dated 21
September 1978. Wherever Notices 1 and 2 to MIL-STD-1553B apply, they are referred to explicitly at the
point of reference.

DEFINITIONS.

1553, 1553A, and 1553B-These numbers will be used throughout the remainder of this section in place of
MIL-STD-1553 (any version), MIL-STD-1553A, and MIL-STD-1553B, respectively.

Bus- The term bus is used when talking about the network in general. For this discussion, it is used to refer
to the part of the network that is terminated in its characteristic impedance and to which stubs are attached
(see figures 40-1 and 40-2).

Characteristic impedance—Z,-The characteristic impedance of the cable used to build the network is
referred to as Z, Itis usually specified at a certain frequency (1.0 MHz in 1553B, paragraph 4.5.1.2). Z,is
approximately equal to the square root of L/C, where L is the inductance per unit length of the cable and C
is the capacitance per unit length of the cable.

Bus coupler— The circuit which is used to couple signals between the main bus cable and transformer
coupled stub cables. A single stub bus coupler consists of a transformer, two isolation resistors, and a
shielded enclosure. Multiple stub bus couplers are also commercially available.

Dispersion- Dispersion is transmission line effects on lossy transmission lines on propagating waveforms.

It is a result of frequency-dependent velocity and frequency-dependent attenuation which distorts the
propagating wave.
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Droop-The exponential decay of voltage across an inductor is called droop.

Fundamental waveform—in this document, the fundamental waveform is defined as the original impinging
waveform, the waveform transmitted.

ISI -Intersymbol interference (ISI) is the effect seen where a waveform is distorted by passing it through a
network which either has less bandwidth than the signal, or is dispersive.

Lossy -in the context of lossytransmission line, the term lossy acknowledges the fact that transmission lines
do not have infinite bandwidth and contribute to frequency shaping of a propagating pulse above and beyond
ideal reflective effects.

Main bus -in this discussion, main bus is another term used when referring to the bus part of the network
(see figures 40-1 and 40-2).

Network -A network is a collection of connectors, cable, transformers, and resistors used to connect a group
of terminals so they can communicate. The term is used interchangeably with the word bus.

Reflection coefficient -The ratio of the voltage wave reflected back toward the source over the duplicate
phrase incident voltage wave at an impedance discontinuity (referred to in this document by its abbreviation
CR). The value of the reflection coefficient will be between -1 and +1. This is a complex term and will be limited
to values within the unit circle.

Stub -The terminal connection to the main bus. It is usually kept as short as possible to minimize distortion,
and it maybe either director transformer coupled (see figures 40-1 and 40-2).

Terminal -A transmitter or receiver connected to the end of a stub is called a terminal.

Twisted, shielded pair -A twisted, shielded pair of wires is used to interconnect the elements of a network
(transformers, resistors and connectors). It is the primary constituent of the network and is commonly referred
to as cable.

Transmission coefficient -The ratio of the voltage wave transmitted beyond an impedance discontinuity
over the incident voltage wave (referred to as CT in this document). It is a number between 0 nd 2.

Waveform quality —Waveform quality refers to the amount of distortion with which a waveform arrives at the
receiver.

40.3 NETWORK DESCRIPTION. Asystemthat uses 1553B requires separate terminals because of practical
limits on the ability to consolidate functions. The functional and physical parameters of each terminal, as well
as the system and subsystems serviced, determine where each terminal must be located. This dictates where
conductors run between terminals to permit data transfer and system operation and has led to development
of data transmission systems. The network consists of the connectors, couplers, resistors, and wires or
cables (twisted, shielded pairs) that connect all terminals that communicate with each other.

The typical bus network has a main bus cable with attached stub cables. The bus is a properly terminated
transmission line that, except for cable losses, does not cause any distortion in the waveforms on the bus.
Waveform distortion caused by cable losses is proportional to bus length and is not significant for short
networks. Stubs are used to connect terminals to the main bus. When connected, stubs load the main bus,
reducing the impedance below its characteristic value. This causes reflections that are a form of distortion.
The two primary sources of distortion in a 1553B network are reflections and dispersion. Reflections come
from attaching bus couplers and stubs to the bus, and dispersion comes from the lossy effect of the cable.

40.3.1 Stub types. The 1553B standard allows for the use of either transformer-or direct-coupled stubs.
Paragraphs 4.5.1.5.1 through 4.5.1.5.1.4 define the requirements for transformer-coupled stubs and
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paragraphs 4.5.1.5.2 through 4.5.1.5.2.3 define requirements for direct-coupled stubs. Figures 40-1 and -2
illustrate typical transformer-coupled and direct-coupled networks, respectively. Note that the isolation
resistors for the direct-coupled stub are located within the terminal (paragraph 50.5.5 discusses these
resistors in detail).

The appendix to 1553B, paragraph 10.5, recommends that direct-coupled stubs be “avoided if at all possible.”
The preferred method is to use transformer-coupled stubs. However, for Navy applications, Notice 2,
paragraph 30.10.5, requires that the terminals have both transformer- and direct-coupled stub connections
externally available. Even though the Navy requires both types of connections, “for Army and Air Force
Systems, only transformer-coupled stub connections may be used.” This Notice 2 requirement does not
preclude both types of stub connections from being incorporated in terminals designed for the Army or Air
Force.

40.3.2 Redundancy. Terminals on redundant bus networks must be isolated from each other by 45 dB
(4.6.1). Based on this, discussions in section 40 consider only a single network. Networks that makeup a
redundant set must be evaluated individually.

40.4 MANCHESTER-ENCODED WAVEFORMS.The coding format used in 1553B communications is
Manchester Il hi-phase level coding. It is a differential format determined by positive and negative voltages
between the two wires that make up the twisted pair. When there is no signal, there is no differential voltage.
This type of coding works on the basis of zero-crossing detection (i.e., the information is contained in the
directions of zero crossings that occur at 1 -us intervals, giving a 1 -MHz bit rate). Each valid Manchester bit
has a 0.5-us positive portion and a 0.5-us negative portion.

40.4.1 Sync waveform. For the following discussion, refer to figures 40-3 and 40-4. To designate the
beginning of a word, an invalid portion of 1553B Manchester coding is sent; this is called the sync (short for
synchronize). The sync is made up of two 1.5-us periods (one-and-a-half bit times), one high and the other
low. For the sync at the beginning of a command word or status word, the high period comes first followed

Sync field
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by the low period (figure 40-3). The sync at the beginning of a data word is its inverse (figure 40-4). The
Manchester code of the sync is considered invalid because there is not a transition within a bit time (1 us). The
fundamental frequency of the sync is one third that of the nominal 1 MHz or 333 kHz. When the half bit that
is just before or after the sync is the same sign as the adjacent portion of the sync, a 2-us high (or low) period
occurs. The fundamental frequency of this portion is 250 kHz.

The 1553B waveforms are asynchronous; that is to say, the terminals in the system have their own clocks and
are not synchronized with the bus waveforms at the beginning of a message. To correctly decode data, a
terminal must derive the clocking of the received signal. The term sync is used for this purpose. The sync
crossing provides the reference from which a receiver-decoder determines the time when the midbit zero
crossings of the word will take place. The first midbit zero crossing happens 2.0 us after the sync crossing;
subsequent midbit zero crossings occur at intervals of 1.0 us thereafter until the end of the word.

40.4.2 Data bit waveforms. For the following discussion, refer to figures 40-5 and 40-6. According to 1553B,
transitions from low to high indicate a zero, and transitions from high to low indicate a one. The mid bit
transitions occur normally atone microsecond intervals for a bit rate of 1M bits per second (Mb/s). The name
of these transitions is “midbit crossing.” Between bits of the same sense, there are always transitions that
occur in the opposite direction of the midbit crossing, these are called “bit edge crossings.”

Sequences of bits of the same sense are said to be “in-phase bits” because they are made up of two
consecutive 1-us portions of a trapezoidal 1-MHz wave and have a fundamental frequency of 1 MHz (figure
40-5). A bit that follows one of opposite sense causes a phase change (figure 40-6). This is because the midbit
zero crossing is in the opposite direction from the previous, constituting a phase change of 180 degrees,
hence, the name “hi-phase”. When a one follows a zero (or a zero follows a one), the waveform will be high
(or low) for 1 us. This is a phase change and there is no bit edge crossing. The fundamental frequency for
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this portion of the waveform is 500 kHz, not 1 MHz.

40.4.3 Frequency distribution of MIL-STD-1553B-encoded waveforms. MIL-STD-1553B states that the
rise and fall times of waveform transitions (from 10% to 90%) shall be between 100 and 300 nanoseconds

(4.5.2.1.1.2 and 4.5.2.2.1.2). This results in a trapezoidal waveform. Specifying a minimum rise and fall time
limits the amount of energy at high frequencies. The Fourier components of both a square wave and a
trapezoidal wave are shown in figure 40-7. Note that the higherfrequency components of the trapezoidal wave
get smaller much quicker than those of the square wave. The following is a comparison of the frequency
content of a repeating square wave and repeating trapezoidal shaped wave:

a. If the rise and fall time (transition time) is very small (assume less than 1 nanosecond), 93.4 % of the power
is at frequencies less than 6 MHz. At the desired transmission rate of 1 MHz, there is 81 % of the power.

b. If the transition time of this same signal is 150 nanoseconds, more than 99% of its energy is at frequencies
less than 6 MHz. The percentage of energy at 1 MHz is 94%.

Increasing the transition time of the waveform reduces the high-frequency harmonics. To reduce the low-
frequency content, 1553B waveforms are balanced. Balanced waveforms have a volt-time-product that is
equal to zero. Another way of looking at this is that the area of the waveform above 0V is equal to the area
of the waveform below OV. Balanced 1553B waveforms have little low-frequency energy; in a perfectly
balanced waveform, there is zero energy at DC.

Networks designed to meet 1553B requirements are band limited. The pass region is approximately from 75
kHz to 1 MHz (depending on the network), and frequencies outside this range will be attenuated. The dominant
factors controlling the low-frequency response of the network are the primary inductances of the coupling
transformers and terminal isolation transformers. Small inductances cause more low-frequency attenuation.
Stub length and placement are the dominant factors in determining high-frequency attenuation. Uneven
attenuation of frequency components contributes to pulse distortion that increases the possibility of
transmission error. Therefore, controlling the frequency content of the transmitted wave reduces the
transmission distortion across the network.

40.4.4 Noise margin of Manchester-encoded waveforms. An additional advantage of the bipolar
Manchester waveforms is that the noise margin for a given amount of transmitted power is twice that of a

nonbipolar (monopolar) signal. This is explained as follows:

a. The noise margin of a bipolar signal is the sum of two pulse heights: positive and negative. A signal with
a noise margin (and amplitude) of 2V has a +1 V pulse and a -1 V pulse for each bit transmitted. Its power
is proportional to the amplitudes of its pulses squared, so its power is 1 V squared.

b. To get this same margin (2V) with a monopolarsignal, its pulses need an amplitude of 2V. The monopolar
pulses have power that is also proportional to their amplitude squared, or 4V squared. However,
monopolar signals will be high only half of the time because a high level (a one) is equally as likely as a
low level (a zero). Therefore, the monopolar signals will have transmitted power that is equal to 2V
squared. This is twice the power of the bipolar signal.

40.4.5 Advantages of Manchester bi-phase coding. In his textbook “Modern Digital and Analog
Communications Systems” (CBS College Publishing, 1983), B.P. Lathi lists five desirable properties for a bus
coding system:

a. Adequate timing content —it should be possible to extract timing or clock information from the signal.

b. Efficiency -For a given bandwidth and transmitted power, the code should have the least errors
probability practicable (i.e., the most immunity to channel noise and ISI).
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c. Error detection and correction capability -It should be possible to detect and, preferably correct,
errors. In the Manchester hi-phase case, for example, a single error will cause a Manchester violation
and can be detected easily.

d. Favorable frequency content -The signal frequency spectrum should match the channel frequency
response. For example, if a channel has high attenuation at lower frequencies, the signal spectrum should
have a small amount of energy in this range to avoid excessive signal distortion.

e. Transparency -It should be possible to correctly transmit a digital signal regardless of the pattern of ones
and zeros. The code is transparent if every possible sequence of the data bits can be decoded correctly.

Manchester hi-phase coding per 1553B meets the intent of these properties as follows:

Property a, adequate timing content, is met because each sync pulse provides a fresh timing reference point.
With each new word, clocks should be desynchronized thus reducing the requirement on long-term clock
stability. Additionally, the midbit zero crossings area source for a 1-MHz clock (excluding distortion). This
provides timing content.

Property b, efficiency, is rather qualitative. It is, however, sufficient to say that, because the 1553B signal is
bipolar, its noise immunity for a given amount of transmitted power makes it quite efficient. Also, because the
midbit zero crossings (as opposed to the levels) are used to convey the bit information, there is less time near
the threshold and therefore less probability of noise or distortive interference. Assuming sufficient amplitude,
only the timing of the zero crossing is important to accurately decode the information from the received
waveform.

Property c, error detection and correction capability, is met by the fact that, for a Manchester bit to be valid,
it must have half of its time high and half low. If this is violated, or there is so much distortion that the “half-
high half-low” ratio is badly skewed, it is easily detectable and can be declared invalid. On the other hand,
if the distortion is not excessive, a “smart” decoder is able to determine what the proper value of the bit is
supposed to be. This gives Manchester coding a waveform error detection and some limited error correction
characteristics.

Property d, favorable frequency content, is met because 1553B waveforms have frequency contents that
match the band pass nature of the typical network. Low frequencies are minimized because the signal is
balanced. Due to the specified transition time, the amount of high-frequency energy is also minimized.

Property e, transparency, is met for the same reasons that property d is met. Because there is a fresh timing
reference for every word (in the sync), all possible bit combinations in a word are decodable. Additionally, each
bit is differentiable from previous and subsequent bits because the midbit zero crossing provides timing and
positive detection capability. Therefore, the format is transparent.

40.4.6 Transmitted waveforms. MIL-STD-1553B defines terminal output waveform quality in paragraphs
45.2.1.1 and 4.5.2.2.1. The specification is defined for the condition when the terminal is driving a resistive
load of 70 ohms +2% for transformer-coupled terminals and 35 ohms +2% for direct-coupled terminals.

Transformer-coupled terminals require output waveform qualities such as:

a. Output amplitude of 18V to 27V peak-to-peak (4.5.2.1.1.1).

b. Zero crossing within +25 nanoseconds of nominal, the rise and fall times of the waveform between 100
and 300 ns, and any distortion of the waveform, including overshoot and ringing, not to exceed +900 mV
peak (4.5.2.1.1.2).

Direct-coupled terminals require output waveform qualities such as these:
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a. Output amplitude of 6.0V to 9.0V peak-to-peak (4.5.2.2.1.1).

b. Zero crossing within 25 nanoseconds of nominal, the output rise and fall times of the waveform between
100 and 300-nanoseconds, and any distortion of the waveform, including overshoot and ringing, not to
exceed 300 mV (4.5.2.2.1.2).

There is a relationship between the output characteristics of direct-coupled and transformer-coupled
terminals. The zero-crossing accuracy for the two is identical, as are the rise and fall times. Additionally, the
output amplitude and the overshoot and ringing requirements are exactly three times greater for the
transformer-coupled terminal than forthedirect-coupled terminal. There is a reason for this direct relationship.
Due to attenuation across the isolation resistors, only one third of the voltage amplitude transmitted on a
transformer-coupled stub propagates onto the main bus (see 40.6.2.4). All of the voltage amplitude
transmitted on adirect-coupled stub propagates onto the bus (see 40.6.2.4). Therefore, both transformer- and
direct-coupled stubs produce main bus voltages with the same characteristics.

When a terminal is connected to a network, waveforms will be different because the impedance seen by the
terminal will not be exactly 70 or 35 ohms and it most certainly will not be completely resistive. The stub load
driven by the transmitter is typically resistive and capacitive and causes distortion that is dependent on
transmitter output impedance characteristics. Also note, in the transformer coupled case, that the leakage
inductance of the coupling transformer will also contribute to overshoot and ringing. Most commercially
available devices are designed to work in this environment and will show I“htle distortion at the transmitter
output. Section 50 discusses various transmitter types.

40.4.7 Received waveform. The quality of the waveform that aterminai must receive and interpret correctiy
is aiso defined in 1553B. Paragraphs 4.5.2.1.2.1 and 4.5.2.2.2.1 specify thevoitage range to which a terminal
must respond: 0.86V to 14.0V peak-to-peak for a transformer-coupied terminal and 1.2V to 20.0V peak-to-
peak for a direct-coupled terminal. Terminals of both kinds are required to correctly decode received
waveforms with up to £150 nanoseconds of zero-crossing distortion in them. The shape of the received signal
may vary from a sine wave to a square wave.

Zero-crossing distortion is defined as the amount of deviation from ideal (with respect to the previous zero
crossing) that sync, bit edge, or midbit crossings may exhibit. These crossings are nominaily 0.5, 1.0,1.5,
or 2.0 us apart depending on which part of the word is looked at and the data pattern. Paragraphs 40.7.2.3
through 40.7.2.6 and 40.8 discuss the sources of zero-crossing distortion.

40.4.8 Network distortion. Paragraphs 40.4.6 and 40.4.7 defined the absolute limits of distortion that the
network may cause and the system function. it may not distort an output waveform any more than it will prevent
this waveform from meeting the input requirements. Quantifying the effect of the network on transmitted
waveforms wiil be discussed in paragraph 40.7.

40.5 DATA BUS COMPONENTS

40.5.1 Cable. Paragraph 4.5.1.1 of 1553B says the cable shield shali provide a minimum of 75% coverage.
Notice 1 to 1553B increased the shielding requirement from 75% to 90% for Air Force applications (Notice 1,
20.4.1), and Notice 2 made 90% shielding coverage a triservice requirement (Notice 2, 30.10.2). The
characteristic impedance of the cable shall be within the range of 70.0 to 85.0 ohms at a sinusoidal frequency
of 1.0 MHz (4.5.1.2). Notice 2 to 1553B also tightened up the language and stated that, “the actual (not
nominal) characteristic impedance of the data bus cable shall be within the range of 70.0 ohms to 85.0 ohms
at a sinusoidal frequency of 1.0 MHz" (Notice 2,30.1 0.4). At 1.0 MHz, the cable power loss shall not exceed
1.5 dB per 100 ft. (4.5.1.3).

40.5.2 Terminating resistor. The two ends of the data bus shail be terminated with a resistor equal to the
selected cable nominal characteristic impedance (Z,) 2% (4.5.1 .4). This means that the nominal value for
the cable must be obtained (presumably from the manufacturer) and the terminating resistor selected
accordingly.
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40.5.3 Stub-coupling transformer. Paragraphs 4.5.1.5.1.1, 4515111, 4515112, and 4515113
define the requirements for the stub-coupling transformer. In summary, they state that the transformer turns
ratio must be 1:1.41 +3% (polarity and turns ratio as shown in figure 40-1). It is also required that:

a. Input impedance on the bus side shall be greater than 3000 ohms over the frequency range of 75.0 kHz
to 1.0 MHz (4.5.1.5.1.1.1).

b. Output droop shall be less than 20% and that overshoot and ringing shall be less than +1 V (4.5.1.5.1.1 .2).
¢. Common-mode rejection ratio must be greater than 45 dB at 1.0 MHz (4.5.1.5.1.1.3).

Note that once a transformer is installed in a bus coupler, it may not be possible to directly verify its compliance
with requirements. Since the coupler may contain isolation resistors or may have several transformers
connected in parallel (as in the case of a multi-port coupler), the test circuit is not the same as that called out
in the test. The difference in circuits must be considered when evaluating couplers.

40.5.4 Fault-isolation resistors. Fault-isolation resistors are placed in series with each stub connection to
the data bus. For the direct-coupled stub, as described above, these resistors are located in the terminal and
must have a value of 55 ohms +2% (4.5.1.5.2.1). For transformer-coupled stubs, the resistors are inserted
at the coupler between the transformer and the bus, as near to the bus as possible. The resistors for the
transformer coupled case must be 0.75 times the characteristic impedance +2% (4.5.1 .5.1 .2). Thus, for a
direct-coupled terminal, if a fault occurs such that there is a short on the terminal side of the fault-isolation
resistors, an impedance of 110 ohms will be connected to the bus. For a transformer-coupled stub, if a fault
occurs such that there is a short at the terminal or on the stub, an impedance of 1.5 times Z,will be connected
to the bus. An obvious advantage in the way the transformer-coupled case is connected is that the whole stub
(including the terminai) is fault isolated. In the direct-coupled case only the terminal is isolated, a short on the
stub cable would short out the bus and render it useless. Greater bus vulnerability is a prominent factor in the
restriction of direct coupled stubs to one foot in length (4.5.1.5.2).

40.5.5 Connectors. MIL-STD-1553B does not specify the type of connector used to interconnect cables that
make up a network. Notice 2, paragraph 30.10.3, however, specifies that,"for applications that use concentric
connectors or inserts for each bus, the center pin of the connector or insert shall be used for the high (positive)
Manchester hi-phase signal. The inner ring shall be used for the low (negative) Manchester hi-phase signal.”
There are currently two types of connectors in general use. The first is the multipin connector that comes in
various styles including circular, rectangular, and rack and panel. The second type is the discrete concentric
triaxial design.

40.5.5.1 Multipin connectors. The multipin connector allows the designer to interconnect the bus or stub
lines and additional power and signal lines through a single input-output device.

The traditional method of taking a twisted, shielded pair through a multipin connector is to strip back the braid
for a convenient distance (several inches is not uncommon), and untwist the pair. Standard power contacts
are then crimped onto the conductors or the pair is soldered onto discrete contacts. The braid is then grounded
to the shell or taken through its own contact. This technique requires prudent pin placement and wire routing
near the connector to prevent EMI problems arising from adjacent conductors. Though this method is popular
for practical reasons, it is discouraged. By removing the braid and untwisting the wires, the network is highly
exposed to coupled energy.

The best method for carrying the bus through a multipin connector is to use a triaxial contact. Contacts of this
design terminate the twisted pair coaxially and terminate the braid through 360 degrees with nearly 100%
coverage.

40.5.5.2 Discrete connectors. Discrete connectors come in various styles with the two most popular being
threaded and bayonet. Each of these styles have advantages and disadvantages.
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Threaded connectors. An advantage of threaded discrete connectors is that they have a straightforward
design that is easy to mate and demate in a wide range of environments. Several designs are available from
different vendors but they are not necessarily intermateable.

The two main disadvantages of the threaded design are(1) the need to safety wire the connector for shock
and vibration and (2) on some designs, the lack of polarizing or keying to prevent incorrect mating. Safety
wiring of connectors is required on many systems especially those subject to high vibration during normal
operation. Helicopters are prime examples of high shock and vibration applications that require the use of
safety wire to prevent the connector halves from partial demating during flight operation thereby causing
intermittent or complete opening of the bus. However, it is often required that the terminal be located in such
away that access to the connectors is severely limited. This leads to blind mating of the connector pair and
the virtual impossibility of safety wiring the connectors.

Bayonet connectors. To solve some of the shortcomings of the threaded connector, several vendors offer
bayonet designs with keying and polarizing capabilities that do not require the use of safety wire for most
applications. Two cautions: (1) not all available designs are intermateable and (2) not all available connectors
can support the number of keyings required for some systems.

Because these connectors are designed with two, three, and four lug engagement, they can withstand severe
shock and vibration without use of safety wire on the connector plug. This allows the connector to be located
in less accessible areas of a vehicle.

40.6 SOURCES OF DISTORATION. MIL-STD-1553B defines the bus network to a main bus cable to which
stubs are attached and terminals are connected to the stubs. It is desired that the parameters of this network
be such that voltage waveforms arrive at different terminals with the least amount of distortion. The major
parameters affecting waveform quality are bus length, number of stubs, and locations and lengthsof the stubs.
This is the topology. Effects of this topology on waveforms can be approximated by considering a lossless
transmission line.

40.6.1 Main bus distortion sources. Typically, most of the length of the network is made up of the main bus.
The main bus is a twisted, shielded pair of wires with a characteristic impedance of 70 to 85 ohms (4.5.1 .2).
The bus is terminated with a resistor at each end whose value is the characteristic impedance +2% (4.5.1 .4).
Because the main bus is terminated in its characteristic impedance, it has no reflections at either end. As a
first approximation, the main bus looks like an infinitely long, loss less transmission line with no signal distortion
and only an associated time delay.

Typical propagation delay for the type of cable used in 1553B is 1.6 nanoseconds/ft. Thus, there is a delay
between transmission of a waveform and its arrival at either a receiver or an impedance discontinuity on the
bus. This delay time is proportional to the distance propagated. Different transmitter-receiver pairs are
separated by different lengths of main bus, so they have different propagation times between them. Also, the
waveshape is different at the receivers for different transmitter-receiver pairs because reflections will be
delayed by amounts that vary with location.

The end-to-end propagation delay for a 100-ft. bus is 160 nanoseconds, which is equal to the average rise
time of a 1553B signal. When a signal’s propagation delay time is more than 50% of the rise or fall time it is
necessary to consider transmission line effects. Because 1553B propagation delays maybe much greater
than the rise and fall times, transmission line effects must be considered.

40.6.2 Stub distortion sources. To connect a terminal to the bus, a twisted, shielded pair must be run from
a terminal to the nearest and most convenient point on the main bus. The connecting cable is called a stub.
As was mentioned in paragraph 40.3.1, there are two classes of stubs: direct and transformer coupled. A
direct-coupled stub is connected directly to the main bus (see figure 40-2). A transformer-coupled stub, on
the other hand, is connected to the bus with a transformer and two fault-isolation resistors (see figure 40-1).
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For the purposes of analysis, in both cases the stub cable is assumed to have the same characteristic
impedance as that used for the main bus, even though the impedance is allowed to vary between 70 and 85
ohms. To minimize distortion, it is strongly recommended that all of the cable should have the same nominal
characteristic impedance. The cable used throughout the bus and stubs should have the same manufacturers
part number.

40.6.2.1 Time domain analysis of stubs. The analysis undertaken here, which keeps track of reflections
and time delay is dependent on the cable used and for this discussion has been chosen to be 1.6 ns for every
foot traveled by the signal. The advantages of time domain analysis are that it is relatively straightforward in
application and fairly intuitive in origin.

Effects of stubs. As mentioned in paragraph 40.6.1, when a waveform is transmitted, there is a time delay
between its transmission and its arrival at a point of interest on the network. The time delay is proportional
to the distance between the transmitter and the point of interest. The amount of delay is 1.6 nanoseconds
for every foot traveled by the signal.

If an impedance which is equal to the characteristic cable impedance is encountered, no reflection occurs
because the impedance "looks” like a line of infinite length. If an impedance is encountered that does not equal
the characteristic impedance of the line, this is called an ‘impedance discontinuity” and a reflection occurs.
If the impedance encountered is less than the characteristic impedance, a negative reflection occurs; if the
encountered impedance is larger than the characteristic impedance, a positive reflection occurs. In both
cases, the transmitted voltage (the voltage that propagates from the discontinuity) is the sum of the incident
and reflected voltages. The amount of reflection at a junction is specified by the formula:

ZL'Zo
ZL+Z0

CR=

where:

CR= reflection coefficient
Z.= fundamental line impedance
Z = encountered impedance.

It should be noted that the Z seen on 1553B buses is always less than Z, because it is equal to the cable
impedance in parallel with the stub impedance. This is because stubs are connected across the bus in a shunt
fashion. The value of CR may be between -1 and +1. The equation for the transmission coefficient (CT) is:

CT=1+CR

CT times the incident voltage is the voltage that propagates beyond from the impedance discontinuity. Both
CR and CT are constants of proportionality. That is, they multiply the incident waveform amplitude to produce
the resulting reflected or transmitted wave. If a 1 V wave encounters an impedance discontinuity that has a
reflection coefficient of-0.5 (and thus a transmission coefficient of +0.5), a negative reflection will result. The
amplitude of the reflection will be -0.5V and will add to the impinging waveform to produce a net voltage of
+0.5V, which will continue beyond the impedance discontinuity. Note that voltages on both sides of the
discontinuity are equal.

The effect of each type of stub will now be examined in terms of reflection and transmission coefficients.

A shunt impedance occurs wherever a stub is connected because, from other points on the bus, the point of
connection is a parallel combination of the stub impedance and the continuing main bus impedance. This
produces a lower impedance than the characteristic impedance (see figures 40-8 and 40-9; note that the
symbol “//" means the parallel combination of two impedances, e.g., Z//Z=2 /2 ). This will cause negative
reflections of impinging waveforms to occur on the main bus.
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In addition, a waveform (with amplitude determined by the amplitude of the waveform impinging on the stub
connection and the value of CT) will proceed up the stub from the main bus to the terminal, which presents
an impedance much greater than the characteristic impedance. This will result in a substantial positive
reflection at the end of the stub (having a value close to +1). The reflection will then propagate down the stub
toward the bus and add to the bus voltage according to the value of CT seen from the point of view of the stub.
After the transient on the stub is gone, the bus waveform is affected only by the value of the terminal
impedance. Assuming that the impedance of the terminal is high (above the specified minimums), positive
reflections from stub ends will typically almost cancel out the negative reflections caused by the presence of
the stub in the first place when viewed from the main bus.

With the previous considerations in mind, the following can be inferred:
a. Connecting a stub to the bus reduces the bus waveform amplitude.

b. For the time it takes for a waveform to propagate to the end of the stub and back to the bus, the
characteristic impedance of the stub cable determines how much effect the stub has on the bus waveform.

c. The amount of time that the transient exists on the stub is proportional to the length of the stub.

d. After the voltage transients on the stub die out, the effect of the stub on the bus waveform is determined
by the terminal input impedance.

Direct-coupled stubs. A direct-coupled stub connection is simply a parallel connection of two lines that have
the same characteristic impedance. For the following discussion, refer to figures 40-9 and 40-10. A wave
propagating along the main bus sees the stub connection as an impedance of half the line impedance (the
main line and stub in parallel). Thus,

CR =-0.33 and CT= 0.67.

Thus, when a 3V (for instance) propagating step function encounters a stub, a 2.0V signal will propagate up
the stub and beyond the junction. The reflected voltage will be -1 .0V (which, when added to the 3.0V impinging
wave, will also equal 2.0V). The voltage transmitted beyond the junction will be absorbed by the terminating
resistor that, for this discussion, is assumed to be matched to the characteristic cable impedance. The voltage
transmitted up the stub will reflect off the end of the stub with a CR close to +1 (but is actually dependent on
the value of Z,and the input impedance of the terminal). The reflection will then propagate back down the
stub and encounter the junction of the stub and main bus (this time from the stub point of view). The coefficients
of reflection and transmission are the same as those seen by the initial wave. Thus, 1.3V (3.0 x0.67 x 0.67)
will propagate onto the bus and -0.66 (3.0 x 0.67 x -0.33) will be reflected back onto the end of the stub.

The process of reflection, transmission, and re-reflection, etc., will then continue until ail of the transient energy
has been absorbed by the terminating resistors. Once reflections die out, the voltage on one direct-coupled
stub is equal to the voltage on all other direct-coupled stubs (ignoring losses).

It is important to note that the effect a stub has on the fundamental waveform depends on the rise (fall) time
of the waveform with respect to the stub length. If the time of propagation from the bus junction of a stub to
the end of the stub and back is equal to or greater than the rise time of the fundamental waveform, maximum
distortion will occur. This is because the reflection off the end of the stub will not get back to the bus until after
the waveform has finished transitioning, therefore the amplitude of the reflection will be maximum. For a stub
with a delay that is a certain percentage of the transition time, its reflection distortion will be that same
percentage of maximum. For a 1553B waveform, the minimum rise time is 100 nanoseconds. This is equal
to the propagation along 63 ft. Maximum distortion will occur on stubs with greater than half that value (or 31.5
ft.). The shorter the stub, the less it will distort the fundamental. This effect applies to both direct- and
transformer-coupled stubs.
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Because direct-coupled stubs must be less than one foot (4.5.1.5.2), the input impedance of the terminal will
dominate their effect on the bus waveform. The input impedance of a direct-coupled terminal is required to
be greater than 2000 ohms (4.5.2.2.2.3).

Typically, there is an isolation transformer on the input of the direct-coupled terminal that dominates its input
characteristics (see section 50). Because the impedance of a transformer is frequency dependent, the
terminal will, in addition to loading the bus, shape the bus waveforms. This shaping contributes to distortion.
See paragraph 40.6.4.2, which discusses how transformers interact with bus waveforms.

Transformer-coupled stubs. Transformer-coupled stubs are more complex because they involve both a
transformer with a 1:1.41 turns ratio and two isolation resistors. For this discussion, refer to figures 40-8 and
40-11. The impedance that the stub presents to the bus is the series combination of the isolation resistors
(two resistors of 0.75 x Z,ohms) and the impedance of the stub cable transformed through the 1:1.41 turns
ratio of the coupling transformer (2 x Z,). This gives a value of

2x0.75xZ,+ 2xZ,=3.5xZ,

The stub impedance in parallel with the bus impedance gives a value of 0.78xZ,, which is a mismatch. This
mismatch causes a negative reflection on the bus with a magnitude of 0.125 times the value of the impinging
wavefront (CR=-0.125). Using the same rules as above, the voltage that propagates beyond the impedance
discontinuity is 0.875 (CT = 1 + CR) times the impinging waveform. Therefore, a 4V wave (for instance)
propagating along the main bus will cause -0.5V reflection. The voltage that propagates beyond the
discontinuity along the bus will be 3.5V.

Determining the voltage that propagates up the stub is less trivial. Because of the negative reflection caused
by the stub, only 87.5% of the impinging waveform is available to propagate beyond the junction. The isolation
resistors additionally attenuate the transmitted voltage to 57% of its value at the stub connection. Additionally,
this voltage is transformed by the turns ratio giving a net of 1.4V transmitted up the stub (0.875 x 4.0V x 0.57/
1.41 =1.4V). The reflection off the end of the stub is dependent on the terminal input impedance and will be
close to +1. So +1.4V is reflected causing the stub voltage to be 2.8V. The 1.4V reflected wave propagates
down the stub toward the bus and gets stepped up through the transformer to 2V. This 2V gets attenuated
to 0.5V as it crosses the isolation resistors and is added onto the bus voltage. Thus the voltage reflecting off
the end of the stub adds to the bus voltage to produce the original 4V.

Because the terminal input impedance is typically close to the specification minimum, the CR at the end of
the stub will be less than +1, so in the above analysis, less than 1.4V will be reflected off the end of the stub.
Thus, less than +0.5V will return to the bus, not quite canceling out the -0.5V initial reflection. A net decrease
in bus voltage will result. This demonstrates again that the transient loading is determined by the impedance
of the stub cable characteristic impedance (as well as the transformer and isolation resistors) and the steady
state loading is determined by the terminal input impedance.

It is important to note that the effect that a stub has on the bus waveform depends on the relative length of
rise (fall) time versus the propagation time of a wave from the bus to the end of the stub and back to the bus.
If the rise time of the waveform is longer than the time it takes for the reflection from the end of the stub to
return to the bus, the reflection (off the end of the stub) will be adding back into the bus waveform before it
has finished changing. When this occurs, the effect of the stub is reduced proportionally.

Comparison of direct- and transformer-coupled stubs. Direct-coupled stubs present to the bus an
impedance equal to the fundamental impedance, thus giving rise to a discontinuity that is half the fundamental
impedance. This yields a reflection of -33% for all impinging waveforms. The reflection from the end of the
stub then propagates as a positive 44% edge back onto the bus (see figure 40-10).
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Transformer-coupled stubs connect an impedance of 3.5 times Z,to the bus. This results in an impedance
of 0.78 x Z,and a reflection of -12.5%. It also results in a reflection off the end of the stub that propagates
as a positive edge of 12.5% onto the bus (see figure 40-11). Due to the smaller perturbations and relatively
better isolation, transformer-coupled stubs are allowed to be up to 20 ft. long (4.5.1.5.1). Actually, the figure
of 20 ft. is only a recommendation, but it is a strong one. Lack of isolation and larger perturbations limits direct-
coupled stubs to a 1-ft. length.

The major difference in the level of isolation between transformer- and direct-coupled stubs is that
transformer-coupled stubs have isolation resistors at the junction of the stub and bus and thus protect the bus
from a short circuit should one happen anywhere on the stub or in the terminal. Direct-coupled stubs, however,
have isolation resistors in the terminal, thus leaving the bus exposed to any short circuits that occur on the
stub. They protect only against faults in the terminal.

There are, however, drawbacks to transformer-coupled stubs. The addition of the transformer to the circuit
reduces the effective inductance of the stub because there are now two transformers in parallel: the coupling
transformer and the terminal isolation transformer. This causes more droop on the bus. Droop is a form of
waveform distortion so it reduces waveform quality. (See paragraph 40.6.4.2 for more on the effects of
transformers).

Calculation of the amount of reflection returning from the end of a transformer-coupled stub to the bus showed
that 35% of the voltage on a stub propagating toward the bus is seen on the main bus. This is because it is
attenuated across the isolation resistors. Similarly, it can be said that, when transmitting, 35% of the output
voltage of a transformer coupled terminal will get onto the bus. Also, if the terminal input impedance is
assumed to be much higher than the cable impedance, 71% of the main bus voltage will be seen on a receiving
(non-transmitting) transformer-coupled stub once reflections die out. The 71% is simply a result of the drop
across the coupling transformer turns ratio. Thus, 25% (71% of 35%) of the voltage transmitted from a
transformer-coupled stub (or reflected from a transformer coupled terminal) gets to any other transformer-
coupled stub, neglecting any cable losses. For the same assumption (no cable losses), 100% of the
transmitted voltage from a direct-coupled stub arrives at another (receiving) direct-coupled stub. Therefore
transformer coupled stub voltages will be lower than direct coupled stub voltages.

Note that, in the analysis of the direct-coupled stub, there were re-reflections of the wave that had reflected
off the end of the stub as it reached the junction of the stub and bus. These re-reflections are due to mismatch
seen from the stub point of view. In the case of transformer-coupled stubs, however, the analysis ignored any
re-reflection of the stub wave back onto the stub. This is because if the turns ratio is assumed to be exactly
1:1.41, the Z,of the stub is equal to Z,of the bus, and the isolation resistors have a value of exactly 0.75 x
Z,, there won't be any such re-reflection. From the point of view of a wave traveling down the stub toward the
bus, a perfect impedance match is encountered at the junction. The isolation resistors (0.75xZ,each) plus
the bus cable in parallel with itself (Z/2) equal 2 x Z,. This, seen through the turns ratio of the transformer,
equals Z,(see figure 40-8). Thus, the isolation transformer does several things for a network:

a. From the bus point of view it increases the impedance of the stub such that CR is smaller and thus there
is less bus distortion.

b. From the terminal point of view it matches the transmission of signals from stub to bus.
c. It contributes to common-mode and fault isolation.

As a result of these factors, transformer-coupled stubs are the preferred connection and are numerically much
more popular than direct-coupled stubs.
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40.6.2.2 Frequency domain analysis of stubs. Another technique for looking at the effect of stubs on
network waveforms is to recognize the fact that the input impedance of the stub can be calculated for a specific
frequency. By knowing frequency, wave velocity, cable impedance, and the load connected to the stub, the
relationship of the reflected wave to the transmitted wave is known. With this information, the current drawn
at a specific voltage can be derived giving rise to an expression for impedance. This is called a frequency
domain analysis. To simplify this analysis, only one frequency will be considered, not the continuum of
frequencies contained in 1553B waveforms. Figure 40-12 shows the calculated worst case impedances in
relationship to the stub length and stub type. The equations and theory used to generate the curves in figure
40-12 can be found in the book, “Applied Electromagnetism”, by Liang Chi Shen and Jin Au Kong (Wadsworth
Inc. 1983), pages 129-132.

Worst case stub impedance is defined as the lowest value because the lower the stub impedance, the more
effect it has on the bus waveform because of a larger CR. Certain worst case assumptions can be made about
components and conditions:

a. Excitation frequency is 1 MHz. As frequency goes up, the impedance of a stub decreases as long as the
stub is shorter than a quarter wavelength. The quarter wavelength of a 1-MHz signal traveling with a
velocity of 1.6 nanoseconds/ft. is 156 ft. Therefore, because there should not be any 156-ft. or longer
stubs, the assumption is that stub impedance decreases as stub length increases. Because 1 MHz is the
highest fundamental frequency that will be transmitted on the network, it is considered the worst case.

h. Terminal impedance is as low as allowed and completely reactive:-j1000 ohms for transformer-coupled
terminals and -j2000 ohms for direct-coupled terminals.

c. Cable used to make the stub has Z= 70 ohms (the lowest cable impedance allowed by 1553B).

d. For transformer-coupled stubs, isolation resistors and turns ratio are assumed to be their minimum values.
Because these parameters provide isolation from the effects of the stub, minimum values increase the
effect of the stub.

Using the values in figure 40-12, the reflection coefficients (CR) for different stub lengths and types are shown
in figure 40-13. These are also the worst case for two reasons: (1) the values of the stub impedances are
worst case and (2) the bus cable is assumed to have a characteristic impedance of 85 ohms. This causes
the greatest reflection (more than it would for 70-ohm bus cable) for a given stub impedance. Notice that the
bus cable impedance and the stub cable impedance are assumed to be different, this is the worst case for stub
reflection coefficient. Even though it is an extreme assumption (because a network should be made out of
cable that is uniform in impedance), it is a necessary one because there is no prohibition in 1553B against
using different cable for different portions of the network (as long as the cable used has a Z between 70 and
85 ohms).

If there is a fault on either type of stub, the impedance of the isolation resistors is connected to the bus. A short
in a direct-coupled terminal will connect a minimum of 108 ohms to the bus; a short on a transformer-coupled
stub will connect a minimum of 103 ohms to the bus. These shorts will yield maximum reflection coefficients
of -0.28 for a direct-coupled stub and -0.29 for a transformer-coupled stub.

As a way of comparing the two methods for describing stubs, consider that the frequency domain method is
a direct subset of the time domain method. The frequency domain method derives the impedance of a stub
on the basis of the magnitude and time delay of reflections, but it limits the analysis to a specific frequency.
Keeping track of reflections for the time domain method, however, is difficult unless a computer is used (see
40.8.2), so the frequency domain method of stub loading analysis is a good method for first approximations.
It should also be noted that the method is a frequency domain representation for stubs, and it may be
generalized to many frequencies (if one has a computer to keep track of them) in a frequency domain
simulation (see 40.8.2). For a simpler analysis, a single frequency is chosen here.
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The assumption that a stub has a single impedance is only an approximation. The stub impedance is a function
of frequency, and there are different fundamental frequencies due to different data and synchronized
waveforms. Also, because the waveform is not sinusoidal there are harmonics of the fundamental. Therefore,
the effect of the stub on a waveform will not be uniform but will vary with the different frequency contents of
different portions of the waveform.

Another way of describing the limitation of the simplified frequency domain stub analysis is to compare stub
length and transition time. Any time the length of a stub, in units of time, approaches a quarter of the transition
time of the bus waveform, reflections become significant (because the delay from the bus to the end of the
stub and back will equal 50% of the transition time). When reflections become a factor, their effects must be
accounted for with a more thorough analysis or simulation. The transition times of bus waveforms vary with
transmitter type and network configuration, so stating an absolute maximum stub length for which the
simplified frequency domain analysis is valid is not possible. As a rule of thumb, when there are stubs in a
network that are 20 ft. long or longer, it is necessary to consider whether a more detailed analysis is needed.
This is only a first order approximation, for a more accurate representation of the effects of a stub on a bus
waveform, the time domain method or the generalized frequency domain method should be used.

40.6.3 Lossy cable, Cable used to build a 1553B network has associated losses, up to now in Section 40,
these losses have been ignored. The wires of the twisted pair have resistance and series inductance, and
there is shunt capacitance between them. The resistance affects cable impedance and wave velocity, making
them both frequency dependent. There will also be frequency-dependent attenuation. The two primary results
from these losses are a change in wave shape and an attenuation of the signal.

A lossy MIL-STD-1553B cable filters out the high-frequency components of propagating waveforms thus
producing a low-pass effect. This is because the cable losses cause frequency-dependent attenuation and
velocity. The dependence on frequency of the losses causes the different pulse widths of a 1553B waveform
to be attenuated different amounts and therefore have different amplitudes. Frequency-dependent attenu-
ation also decreases the higher frequency harmonics of the waveform. Attenuation of the harmonics serves
to smooth out the propagating waveforms and tends to make an initially trapezoidal waveform look somewhat
sinusoidal.

Because the velocity is a function of frequency, a lossy transmission line does not have flat group delay. This
results in additional pulse distortion because the phase relationships of the different frequency components
change as they propagate. Another intuitive way of viewing the effects of a twisted pair is that some frequency
shaping results any time a capacitance is driven by a voltage source that has non-zero source impedance.
In other words, the network acts as a low-pass filter to transmitted waveforms.

In addition to changing the wave shape, cable resistive losses uniformly attenuate the signal. The amount
of this attenuation is determined by the value of the termination resistor and the resistance per foot of the
conductors. Typical resistance for wire used in a 1553B network is 0.026 ohms/ft., so conductor resistance
per foot is 0.052 ohms because the current must flow through both conductors in series in order for the voltage
to propagate. For a 100-ft. piece of 78-ohm cable (properly terminated), the resistive attenuation is:

78/(100 x 0.052 + 78)= 0.94 or 0.6 dB.

The total loss of the cable is the combination of the two loss components: the uniform attenuation caused by
the resistive drop in the wire and the distortion of the waveform resulting from the frequency-dependent
attenuation. In general, because the receiver input voltage resulting from typical transmitted voltages is so
much higher than the minimum required, the uniform attenuation is not a problem, though it must be
considered in network design. Of immediate interest, however, is the amount of frequency-dependent
distortion because this changes the wave shape thus directly affecting waveform quality.

40.6.3.1 Erequency-shaping effects of dispersion. We will now look at what happens to a waveform
propagating along a perfectly terminated lossy line. For a simple example, a propagating step function will
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be examined. When a step voltage is applied to an uncharged piece of cable, a group of voltages at a
continuum of frequencies (the amplitudes and phases at each frequency given by the Fourier transform of the
step function) begin to propagate. From the information given earlier, it may be seen that the different
components have different velocities and amounts of attenuation. Higher frequencies travel faster, but are
attenuated more quickly. The result is a traveling wave with its relative amount of high-frequency content
decreasing and low-frequency components lagging the higher frequency wavefront by an amount proportional
to the distance traveled. This effect is called dispersion.

The waveform when viewed at points along the line begins to look like a step function that has gone through
a low-pass filter. As the distance between the point viewed and the source increases, it appears that the rolloff
of the apparent filter moves to a lower frequency. In other words, the rise time is increased as the wave
propagates. This is a comfortable notion because the lumped-element equivalent model of this type of
transmission line looks like a second order low-pass filter.

It will also be apparent that the amplitude decreases with the distance traveled even for the low-frequency
components of the step. This decrease is because of cable resistance. The resistive losses of the cable in
this case act like a voltage divider such that the voltage level at any point on the bus is dependent on the
distance from the transmitter and the connected load.

The rise and fall times (transition time) of a 1553B waveform have both minimum and maximum values
specified, so they will not be a step function but will be trapezoidal. Because it has less high-frequency content,
the trapezoidal wave will experience less distortion. Over a short distance (10 or 20 ft.), the distortion will show
up as the rounding off of the corners of the waveform because these contain the highest frequencies. After
propagating a longer distance greater than 200 ft., the signal will be further rounded so that the amplitude of
the higher frequency pulses of the waveform will start to be reduced by the shaping effect. Figure 40-14 shows
the initially transmitted waveform, the waveform after a short distance, and the waveform after a longer
distance. This example shows how dispersion changes the shape of a wave as it propagates along a cable.

40.6.3.2 Effect of dispersion on zero crossing. A typical 1553B waveform is made up of a mixture of four
fundamental frequencies (1 MHz, 500 kHz, 333 kHz, and 250 kHz) plus harmonics. There will be uneven
attenuation and nonlinear group delay in addition to the uniform attenuation caused by the resistance losses.
These effects cause zero-crossing distortion in a propagating waveform. An understanding of how this
attenuation occurs can be arrived at by considering that the rise time of a waveform will become longer as it
propagates because the high-frequency energy is being attenuated.

When the rise/fall time becomes longer than the pulse width, the voltage begins to transition before full
amplitude is reached. This reduces the amplitude of the signal. For a 1-MHz portion of the signal, when the
rise time exceeds 500 nanoseconds it will begin to attenuate. Under these same conditions, a 500-kHz portion
of the signal would not suffer any attenuation other than that caused by resistance losses; it would just have
longer transition times. Thus, the 1-MHz portion the waveform will be attenuated more than any of the lower
frequency portions.

Similarly, for a much longer bus, transition times will exceed 1 s, and the 500-kHz portions of the waveform
will begin to be attenuated with respect to the lower frequency portions. It can be seen that, as bus length
increases, first the 1-MHz portions of the waveform begin to attenuate with all other components staying the
same relative amplitude (though with longer transition times), then the lower frequency portions of the
waveform begin to attenuate. All the while there is uniform attenuation caused by the resistive drop in the
cable.

Typically, dispersion is not significant on 1-MHz portions of the waveform for bus lengths less than 200 ft. long.
Dispersion is not significant for 500-kHz portions of the waveforms with bus lengths less than 400 ft. For the
1-MHz portion of a waveform, there is roughly 3% to 4% attenuation per 100 ft. traveled with respect to other
non-frequency-attenuated portions of the waveform. The uniform attenuation of the resistive losses is typically
6% per 100 ft. for all frequencies.
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Figure 40-14. Waveform Distortion With Respect to Propagation Distance
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Figure 40-14 shows the effect of dispersion on the shape of a propagating wave. Dispersion also causes zero-
crossing distortion, figure 40-15 shows an example of this effect. Because dispersion increases the rise time
of a waveform, pulses of different widths will end up having different amplitudes after traveling in a dispersive
medium. Differences in amplitude of pulses with different fundamental frequency cause a transient voltage
offset in the bus waveform. Because the rise (fall) time is greater than zero (it started out as greater than zero
and has gotten longer due to dispersion), this voltage offset translates into a zero-crossing deviation.

40.6.4 Stub-coupling transformers. The transformer used to couple the stubs to the bus imposes some
of its own personality on the bus waveform. Paragraph 4.5.1.5.1.1 in 1553B directly specifies the type of
transformer and the allowable range of its divergence from the ideal. The turns ratio is specified to be 1:1.41
+3% with the high-turns side connected to the resistors that connect to the bus (see figure 40-1). The input
impedance of the transformer, at the high-turns winding, is specified to be greater than 3000 ohms for
frequencies between 75 kHz and 1 MHz (4.1.5.1.1.1). The impedance is measured using a 1V RMS sine
wave. Transformer waveform integrity is discussed in 4.5.1.5.1.1.2. There it is stated that the droop at the
high turns side shall not exceed 20% when the low-turns side of the transformer is driven by a 250-kHz square
wave (with a maximum rise time of 100ns) through a 360-ohm resistor. Additionally the amount of ringing and
overshoot allowed on the output is to be less than +1V. The output is defined to be the high-turns side of the
transformer. Common-mode rejection (4.5.1.5.1.1.3) for coupling transformers must be greater than 45dB
at 1 MHz. The suggested test method is to drive the high-turns side with a common-mode signal and measure
the differential output at the low-turns side.

)
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\
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Distorted waveform

Figure 40-15. Zero-Crossing Distortion Caused by Dispersion
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Generally, commercially available 1553B transformers do not significantly change the shape of a waveform
that goes through them. The primary effect is to change the amplitude. Thus, the waveform on a stub usually
has the same shape as the waveform on the bus next to that stub and will only be different in amplitude.

40.6.4.1 Turns ratio. Turns ratio has the following effects:

a. It contributes significantly to the voltage amplitude of the signals transmitted across the network. The
voltage passed through the transformer is proportional to the turns ratio. Thus, the transmitted voltage
and the received voltage for a given terminal are proportional to the turns ratio of its coupling transformer.
Therefore, the amplitude of the waveform transmitted from one stub to another is dependent on the turns
ratios of the transmitting and the receiving stub coupling transformers.

b. It determines the impedance the stub presents to the main bus. Loading of the bus by a stub is
approximately inversely proportional to the square of the turns ratio. Thus, the magnitude of distortion
caused by a stub is dependent on it. Higher turns ratios cause less distortion, but provide lower signal
amplitude to a receiving terminal. Therefore, a compromise value must be used; 1.41 to 1 was chosen.

c. It determines how well matched stub-to-bus transmission is, from the stub point of view. The impedance
seen through the transformer is dependent on the square of the turns ratio and the actual impedance
connected to the secondary. For the selected turns ratio, the isolation resistor values have been chosen
such that there is perfect matching when looking from the stub toward the bus.

40.6.4.2 Transformer input impedance. The input impedance of the coupling transformer is specified to
beat least 3000 ohms over a specified range of frequencies (4.1.5.1.1.1) when looking into the high-turns side
(the side that is connected to the bus through the isolation resistors). This specification then directly controls
parameters of the transformer that affect its input impedance.

For simplicity of analysis it will be assumed that, a transformer looks like a shunt capacitor in parallel with a
shunt inductor. The value of the capacitance determines the high-frequency input impedance, and the value
of the inductor determines the low-frequency input impedance. Using this two-component model, the
minimum allowed inductance (on the high-turn side) is approximately 6.4 mH, and the approximate maximum
allowed shunt capacitance is 53 pF (when looking into the high-turns side). These are worst case values for
inductance and shunt capacitance. Since the transformer characteristics are strongly temperature dependent
the designer must take care to select a transformer that meets these requirements over the military
temperature range, typically -55 degrees to 125 degrees Celsius. Doing so will ensure that the transformer
meets the 1553 impedance requirement under even the most stringent conditions. The magnitude of the input
impedance contributes to the loading (in addition to the stub load) placed on the bus. As the approximation
shows, the input impedance is frequency dependent, which contributes to frequency dependent wave
shaping.

At low frequencies, this shaping shows up as droop in the waveform that contributes to zero-crossing distortion
due to nonzero rise time and also contributes to amplitude degradation. Droop in a transformer output is a
result of the current increasing in the primary with time. The result of this increased current is to reduce the
output amplitude because the increased current will accentuate the losses in the source driving the
transformer and the losses in the transformer. Because there can be many transformers on a single network,
the effective droop on the signal is greater because there are many inductors in parallel. More inductors in
parallel cause less effective inductance and less effective inductance causes more droop. The effect of droop
tends to work against the effects of the lossy cable, because cable is low pass and transformer droop creates
a high-pass situation.

At high frequencies, the capacitive portion of the input impedance of the coupling transformer starts to

dominate. This limits rise times of the waveform and contributes to amplitude and zero-crossing degradation.
The shaping effect of the transformer at high frequencies serves to reinforce the effects of lossy cable.
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In an effort to minimize the shaping and loading effects, 1553B has specified the minimum input impedance.
To achieve this, the transformer designer must develop a device that has both high inductance and low
capacitance. Because the inductance is proportional to the square of the number of turns and shunt
capacitance is proportional to the number of turns, increasing one properties will usually increase the other.
Hence, the designer must compromise to reach an optimum design and still meet the specification.

MIL-STD-1553B (4.5.1.5.1.1.2) requires that the droop of the output waveform at the high-turns side be less
than 20% when driving the low-turns side of the transformer through a 360-ohm resistor with a 27V peak-to-
peak square wave. This test constrains the low-turns side primary inductance to be greater than 3.2 mH, which
in turn constrains the high-turns side to have a primary inductance of at least 6.4 mH (due to the fact that
inductance is proportional to the square of the number of turns). Note that these limits already include any
adjustments for worst case temperature variations. This result is consistent with the high-turns input
impedance requirement. The output waveform is monitored for overshoot and ringing while doing this droop
test. A maximum of £1V peak is allowed on the approximately 38V output waveform, this is a+2.6% limitation.
Overshoot and ringing are related to the values of the leakage inductance, shunt capacitance, and
interwinding capacitance. The relationship is complex, but minimizing them will minimize the output distortion.

40.6.4.3 Common-mode rejection. Common-mode rejection for the coupling transformer is required to be
greater than 45 dB at 1 MHz (4.5.1.5.1.1.3). The method for testing it is not specified, although it is suggested
that the high-turns side be driven with a 1-MHz source while measuring the differential voltage across the low-
turns side (with one end of the low-turns winding grounded). Lack of common-mode rejection capability is a
result of parasitic capacitances between core and coils or interwinding capacitance that cause differential
voltages on the secondary. Reducing the magnitude of these parasitic will reduce the magnitude of the
imbalances and thus limit the amount of passed common mode.

When testing the common-mode rejection of a transformer, it is necessary to have a balanced load connected
to the secondary for the test to be accurate. If the transformer being tested has one side of the secondary
grounded, a decidedly unbalanced condition exists. This test method has two disadvantages:

a. Itis unfair to the transformer, because it unbalances the internal parasitic. There are always parasitic
in a transformer, and achieving a good design is not only a matter of minimizing them but balancing those
that cannot be eliminated. Unbalancing the transformer makes the test more stringent than it needs to
be.

b. The imbalance mentioned in item a can cause another effect, it can make the test inaccurate. If the
parasitic capacitances are not balanced to begin with, then the transformer probably will not have very
good common-mode rejection. If, in the testing process, the transformer is imbalance by the test setup,
a false balance may occur between parasitic capacitances, and an incorrect passing grade maybe given
to the transformer.

Therefore, it is recommended that a balanced circuit be used in detecting the passed common-mode voltage
when testing transformers for common-mode rejection. Additionally, during common mode rejection testing,
the transformer essentially forms a voltage divider between its interwinding capacitance and the input
impedance of the detecting voltmeter. Thus, the results are determined as much by the voltmeter as the
transformer. Care should be taken to use a meter which has as low an input capacitance as possible. It would
be good to attach a load to the output winding as well, to reduce the sensitivity of the measurement to the
impedance of the instrument used as a detector.

40.6.4.4 Summary of transformers. Coupling transformers are an important component of the bus network
and may have a marked effect on the transmitted waveform. Using transformers that meet or exceed the
requirements will help to ensure a network that has waveforms with minimum distortion and of high quality.
There are several manufacturers that produce transformers that meet all 1553B requirements. Couplers that
contain resistors connected per 1553B also are readily available on the commercial market.
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40.7 ZERO-CROSSING EVALUATION. When designing a network, it is prudent to ascertain by some form
of analysis whether or not the network will function. There are three primary classes of analysis that maybe
undertaken: simplified hand analysis, computer simulation, and hardware simulation. Hardware simulation,
the most reliable, is discussed in paragraph 40.8 along with software simulation. Here, analysis techniques
are discussed using methods meant to provide a conservative estimate of performance of a proposed
network. While not as accurate as hardware or software simulation, hand analysis is a quick way of
determining the viability of a network.

40.7.1 First-approximation bus analysis. For any network, the most important feature of its waveforms is
the zero-crossing distortion. Because this is a first-approximation method, only primary reflections will be

considered, more complicated effects such as dispersion, transient stub reflections, and transformer losses
will be ignored.

40.7.2 Zero-crossing eveluation. An important aspect of bus performance is the amount of zero-crossing
distortion that the waveform can be expected to have. As mentioned earlier, dispersion causes zero-crossing
distortion, but for a first approximation, this is too complicated an issue. Reflections from stubs add to the bus
waveform producing zero-crossing distortion, and this effect is appropriate for a first approximation.

The amount of distortion caused by reflection is dependent on the reflection amplitude which, in turn, is
dependent on the length of the stub. Also, whether this reflection distortion causes zero-crossing distortion
is dependent on the timing of the reflection with respect to the bus waveform, so it is dependent on the bus
length. All reflections on a 1553B network will be negative if the simple stub model is used.

Negative reflections occur when the bus waveform encounters an impedance smaller than Z,, the parallel
combination of the stub and the continuing bus. The direction that the reflection propagates is back toward
the source. Beyond the stub, only a decrease in amplitude of the waveform is observed. Therefore, when
deciding which stubs contribute reflective distortion to a specific receiving stub, ignore stubs that are between
it and the transmitter. All other stubs contribute to reflective distortion.

Additionally, only primary reflections need be considered. Primary reflections are caused by the fundamental
bus wave encountering a stub. A secondary reflection is caused by a primary reflection encountering a stub.
Because primary reflections are on the order of 10%, secondary reflections will be on the order of 1% and can
be considered insignificant for a first approximation.

40.7.3 Quantifying_zero-crossing_distortion. Reflections add to the fundamental bus waveform and
change its shape. This, in turn, changes when the zero crossings occur. If all of the zero crossings are

changed in the same manner, the result does not amount to zero-crossing distortion because the zero
crossings have not moved in relation to each other. Therefore, reflections that are delayed by less than a pulse
width add back onto the waveform before the subsequent transition occurs. For 1553B waveforms, the
minimum pulse width is 500 nanoseconds. This “short” return reflection changes all zero crossings in the same
manner, so it does not introduce zero-crossing distortion. Short return reflections may also affect the wave
tops, but because these are supposed to be significantly above the zero crossing, wave-top distortion will not
usually affect the zero-crossing distortion.

Figure 40-16 shows the effect of a short return reflection on the zero crossing of a received waveform. Note
that the zero crossing of the received waveform is earlier than it would have been without the reflection.
Because the reflection arrives at the receiver before any subsequent transition can take place, all zero
crossings are shifted forward in time and no net zero-crossing distortion occurs. The amount that the zero
crossing is shifted is equal to the transition time multiplied by the ratio of the reflection amplitude divided by
the waveform amplitude (the reflection coefficient).

If the receiver is between the transmitter and the stub causing the reflection, reflections that return to the

receiver delayed by less than 500 ns have to be the result of a stub that is less than 250 ns from the receiver.
This is because the total reflection delay is the propagation time from the receiver, to the stub causing the
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Figure 40-16. Effect of a Short Return Reflection on a Zero-Crossing Distortion

reflection, and back. Therefore, in this case, stubs less than 156 ft. from the receiver do not cause zero-
crossing distortion. If the transmitter is between the receiver and the stub causing the reflection, reflections
off the stub will arrive at the receiver delayed (with respect to the fundamental waveform) by twice the
propagation delay from the transmitter to the stub. Thus, in the case where the transmitter is between the
receiver and the stub causing a reflection, if the stub is less than 156 ft. from the transmitter, reflections from
that stub will not contribute to the zero-crossing distortion at the receiver. Note also that all reflections change
the shape of the wave tops.

Reflections delayed by more than one pulse width contribute to zero-crossing distortion. This is because the
reflection of one transition affects the shape of the subsequent transition. If all pulse widths were equal, there
would be no net zero-crossing distortion because all zero crossings would be changed the same amount.
However, 1533B waveforms have varying pulse widths due to phase changes and sync pulses. Thus, zero
crossings will be affected by different amounts of reflection and cause net zero-crossing distortion.

The delayed reflections are approximately 180 degrees out of phase with the 1-MHz portions of the waveform.

As the reflections are negative in sign and completely out of phase, they add to the other 1-MHz portions of
the waveform constructively. For longer pulses, they will still add destructively. This transient change in
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amplitude causes the zero crossings of the 1-MHz pulses to be late relative to where they would have been
without the reflection. The amount that the zero crossings are late is equal to the reflection coefficient
multiplied by the rise time. The zero crossings for longer pulse widths will still be shifted early by the reflection
coefficient multiplied by the transition time (because the reflections still add destructively). The net zero-
crossing distortion is the difference between the zero crossings of the various portions of the waveform and
will be equal to twice the reflection coefficient times the transition time.

For a signal whose rise time is 200 nanoseconds and has a 10% reflection (which is delayed by more than
one pulse width, that is to say the result of a stub that is more than 156 ft. away), the zero-crossing distortion
will be 40 ns. Figure 40-17 shows the relationship between the zero crossings of a 1-MHZ portion and a 500-
kHz waveform portion (500-ns pulses and 1000-ns pulses) in the presence of a 10% reflection coefficient.

40.7.4 Assumptions for zero-crossing distortion calculation. For this analysis, the following assumptions
are made to simplify calculations:

a. Turning the transmitter on does not affect the behavior of the reflections.

b. Waveform transitions are linear.

c. Stubs that cause reflections are resistive.

d. Dispersion does not affect the shape of the fundamental waveform or the shape of the reflections.

e. Transition time maybe ignored when determining how faraway a stub must be for its reflection to cause
zero-crossing distortion.

Assumption a ignores the fact that when the transmitter is on, the amplitude of reflections will be decreased.
The transmitter may have a low output impedance when on. Thus, when it is on, it presents approximately
a 110-ohm impedance to the bus because of the isolation resistors. This will decrease the amplitude of
reflections by a factor of 0.75 because the CT of a 110-ohm load connected to it is approximately 0.75.
Assuming that the amplitude of thereflections is not attenuated is a conservative assumption and therefore
acceptable.

Assumption b ignores the dispersiveness of the cable, which was a stated assumption at the beginning. The
effect can be ignored for buses up to 200 ft. long.

Assumption ¢ was justified in paragraph 40.6.2.5. It is an assumption that is necessary for this type of analysis.
Because long stubs are less than 20 ft. long, this is a relatively good assumption. It must be noted though
that, because stubs appear to be a larger impedance to lower frequency pulses, this assumption is also a
conservative assumption.

Assumption d is also a conservative assumption because it presumes that the amplitudes of reflections will
be maximum. In reality, they will be attenuated and therefore have less effect than this analysis assumes.

Assumption e concerns itself with the selection criteria for when stub reflections contribute to zero-crossing
distortion. The analysis assumes that zero-crossing distortion begins immediately when a reflection gets
delayed by 500 nanoseconds. In fact, zero-crossing distortion begins when the reflection is delayed by 500
nanoseconds minus the transition time of the signal. This is sooner than the analysis assumes. However,
the amount of zero-crossing distortion at this point is zero. The amount of zero-crossing distortion increases
as the delay increases until the distortion reaches its maximum. The maximum distortion occurs when the
reflection delay is equal to 500 ns plus the transition time. Therefore, the analysis assumes for the sake of
simplicity that maximum distortion begins at the median reflection delay time. This assumption mayor may
not be conservative depending on the length of the bus. For buses that are under 156 ft. long, there maybe
some reflective zero-crossing distortion that this analysis does not take into account.
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Figure 40-17. Effect of a Long Return Reflection on Zero-Crossing Distortion
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40.7.5 Calculating Zero-crossing distortion. Zero-crossing distortion worsens with reflection delay.
Therefore, it is bound to be worst at the ends of the bus. A good way to determine whether a bus has the
potential for zero-crossing distortion problems is to perform the following steps:

a. Convert stub lengths to reflection coefficients using figure 40-13. Convert bus lengths to nanoseconds
by multiplying by 1.6. Figure 40-18 shows the network converted to reflection coefficients and

nanoseconds.
b. Select, as the worst case receiver stub, the stub that is second from the end of the most lightly loaded half

of the bus. The worst case transmitter stub is assumed to be the end most stub on the same end as the
worst case receiver stub. For the network in figure 40-18, the receiver stub is stub2 and the transmitter

stub is stubl.

c. For every stub located more than 250 nanoseconds from the receiver stub, add the reflection coefficients
to forma total. Only stub 6 in figure 40-18 qualifies, and its total reflection coefficient is -0.088.

Example network
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coefficient = -0.088

Zero-crossing distortion = 2 x 200 x |-0.88| =35.2

Figure 40-18. Example Network
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d. Multiply the sum of the reflection coefficients by the signal transition time. Because the receiver and
transmitter stubs are at the same end of the bus, the transition time at the receiver will be nearly identical
to the transition time at the transmitter. On the average, this will be 200 nanoseconds. Multiply the total
reflection coefficient times the transition time for the reflective zero-crossing distortion. In this case,

(2 x 200 x 0.088)=35 nanoseconds.

This number is substantially below the 125-ns limit suggested in paragraph 40.9.1. For buses with more or
longer stubs, the zero-crossing distortion will increase. If the number grows beyond 125 nanoseconds,
caution should be exercised in implementing the design, and further analysis and simulation should be carried
out.

A maximum value for total reflection coefficient maybe derived if a transition time is assumed. For a 200-ns
transition time, this maximum allowed total reflection coefficient is -0.31. The worst case reflection coefficient
for a shorted stub is -0.29. This is so closet ot the -0.31 maximum allowed value that the conservative approach
of this simplified analysis will almost always cause a network design to be declared inadequate. Therefore,
to assess the effect of a shorted stub on the bus waveform, a more detailed analysis and simulation must be
done.

40.7.6 Assessing results. The bottom line recommendation resulting from this first approximation bus
analysis discussion is that a warning flag be raised if either the amplitude or zero-crossing test fails. Failure
of one of these tests does not mean that the network will not work, the conditions assumed are absolutely worst
case and may not apply. If either test fails, more analysis and simulation is needed before committing to a
design. Remember that the best and most certain way to determine whether a network will work is to build
and test it in the laboratory. There is no substitute for laboratory results.

40.8 NETWORK SIMULATION. It is essential that a proposed network be simulated before the design is
finalized. There is enough latitude in 1553B that a network fully in compliance with the standard might still not
work. Therefore, as part of the design process, time and assets must be allocated for evaluating the proposed
network.

There are two ways to simulate a bus: with a computer or with a hardware mockup. The most accurate and
most certain method is with the hardware mockup. Because the accuracy of a computer simulation is only
as good as the assumptions it makes, it is limited.

40.8.1 Hardware mockup. Ideally, the network designer will have access to a fully equipped laboratory for
designing and verifying a data bus network. This maybe an in-house laboratory or facilities of the component
suppliers. The facilities should have the capability of modeling any configuration of production components
and the equipment necessary to exercise the bus.

The first step in the simulation process is to identify stub types, lengths between stub connections, and stub
lengths necessary to interconnect system terminals. Note, at this point, future expansion should be
considered. This will yield a “stick” diagram of the bus to act as the baseline. With this information, a hardware
mockup is constructed in the laboratory. A test regimen is applied to determine the waveform quality at each
of the stubs for a transmission from each of the other stubs under nominal conditions. For a network having
N stubs, this will result in (N - 1 )N waveform evaluations.

This may result in a lot of tests (992 for a 32-terminal network), so stubs that are within 1 ft. of each other may
be assumed to have the same received waveform. This is best done with realistic terminal loads connected
to the unused stubs. If the network does not produce waveforms within limits stated in 1553B at all of the stub
ports, the interconnect layout must be modified. The sources of the distortion must be identified and corrected.
Refer to paragraphs 40.6 and 40.10 for additional information. If the network does not meet the recommen-
dations in paragraph 40.9, modifying the layout should be considered.
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Modification of the network maybe as simple as trading bus length for stub length (i.e., routing the bus closer
to the terminals and shortening the stub lengths). It maybe as complicated as totally reorganizing the layout.

After the network has been verified as producing acceptable signals for all potential paths, it should be tested
under a variety of fault conditions to maximize its robustness. The most important of these tests is the shorted
stub. The network is required to produce acceptable waveforms with one shorted stub. To test this
exhaustively would require an unreasonable amount of additional testing, so placement of the short and
selecting the transmitter and receiver location prudently can save on test length. Emphasize the shorted stub
testing for stubs that had the worst nominal characteristics. For stubs with poor amplitude characteristics,
placing the short near the receiver (with the transmitter far away) will be the worst case. Stubs that had poor
nominal zero-crossing characteristics should be tested with the shorted stub 156 ft. away and further (or as
far as bus length permits) and the transmitter as near as possible to the receiver. The effect of having all stubs
open circuited except the receiver and transmitter should also be investigated, but this will usually have little
effect if stub lengths are short.

40.8.2 Computer simulation. While there is no substitute for a hardware mockup of a network, considerable
time can be saved through use of a computer simulation. Computer speed allows evaluation of baseline bus
design variations in a fraction of the time it would take using hardware. There are two types of computer
simulations: time domain and frequency domain.

Time domain simulation is the most conceptually easy to understand. A transmission line maybe modeled
with a delay (proportional to length) and a shaping response. Sections of these transmissions maybe linked
to forma network. At stubs, the reflection coefficients are determined by the stub length and stub coupler
characteristics. A time representation of a transmitted waveform can be input at a stub and the other stubs
monitored for their output waveforms. The program automatically keeps track of the reflections at stubs and
their delays. The output waveform at any stub can then be evaluated directly. The major drawback of this
method is that it is difficult to model the lossy effect of transmission lines in the time domain.

A more accurate way of simulating a network on a computer is to handle the network response in the frequency
domain. To do this, a frequency domain model of the network is constructed. At a transmitting stub of interest,
the frequency spectrum of the transmitted wave is input; at the receiving stubs, the frequency domain
representation of the received waveform is acquired. The received frequency spectrum is then converted
back to the time domain for analysis. The most obvious drawback of frequency domain simulation is the
complexity and amount of calculation. It has the main advantage, though, that transmission lines can be more
accurately modeled in the frequency domain. Additionally, components such as transformers and receiver
input filters convert readily to frequency domain analysis.

As with most modeled systems, assumptions must be made. Computer simulation can be accurate and
detailed only to the point that the models used are accurate and detailed. Therefore, belief in the results of
a computer simulation should be tempered with the knowledge that they are approximations. They are useful
in determining the general behavior of a particular network layout, but they are no substitute for a hardware
mockup in evaluating network performance accurately. An example of a network simulation program is
presented in the next paragraph.

40.8.3 Bus network simulation example. A 1553 bus network simulation program was written to assist in
determining bus network design guidelines (Reference, ‘Bus Length and Loading Limits of MIL-STD-1553

Buses, "SAE Aerospace Avionics Equipment and Integration Conference; Dallas, Texas, November 1987 by:
W.G. Briscoe, M. Davila and B. Skinner). Application of transmission line theory to signal propagation on the
main bus cable of a 1553 bus network shows that the original transmitted waveform becomes distorted as
reflected waves are generated at bus couplers along the bus cable. Although the reflected voltage amplitude
at one single-port coupler with a 20-ft. long stub cable is only 5% (nominally) of the incident voltage, the
reflections from several couplers can add to produce significant waveform distortion. A simulation based on
a time domain analysis was developed because a frequency domain analysis would require considerably
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longer computation times, and the time domain analysis produced sufficiently accurate results. Transforma-
tions between the time domain and frequency domain are not required when a time domain analysis is used
because both the input waveform and the desired output waveform are time functions.

A signal on a bus transmission line is a traveling wave that propagates along the line at a constant velocity.
Part of the wave is reflected at bus couplers, and the remainder of the wave continues to propagate down the
line. A primary reflected wave is generated when the transmitted wave arrives at each coupler. These waves
propagate back toward the transmitting terminal. Also, each primary reflected wave generates secondary
reflected waves when the primary reflected wave arrives at each coupler. Additional reflections will occur, but
a reflection will become insignificantly small after more than two reflections. For example, if a wave is reflected
by a reflection coefficient of 0.1 and reflected again by a second 0.1 reflection coefficient, the amplitude of the
secondary reflected wave is 1.0% of the original wave amplitude. The amplitude of a third reflection would
be only 0.1% of the original wave amplitude. Therefore, the bus simulation program calculates the effect of
only the primary and secondary reflected waves.

The Manchester-coded waveform is simulated by linear superposition of step functions with an exponential
multiplier to give the proper rise and fall times. The program used up to eight step functions to simulate three
of four bit periods at the end of a 1553 message. A complete waveform was simulated by computing the
waveform at a point on the bus due to each step function, and then adding all of them. Step function waveforms
were computed by calculating the amplitude of each primary and secondary reflected wave and then
calculating the time of arrival of each wave at the selected point on the bus. Voltage waveform was computed
as a function of time by incrementing time and adding waves that have arrived at the selected point on the bus
at each time. If a step function has not arrived at the time for the calculation, its value is zero. At anytime
after the step function has arrived, the voltage value for the wave is added. The time of arrival of a wave is
the total distance traveled by the wave times the propagation delay factor of the cable (typically 1.5 to 1.6
nanoseconds/ft).

The voltage reflection coefficient (CR) at each coupler was computed using the equation:

Z-Z,
CR= .
Z +Z,
Load impedance Z is given by:
Z.xZ,
ZL = .
Z.+Z,

Where Z,is the coupler impedance and Z,is the characteristics impedance of the bus cable.

The reflection coefficients at the couplers were determined in the same manner as in paragraph 40.6.2.5, but
nominal (instead of worst case) values were assumed for the bus components.

The bus simulation program computes the waveform at any coupler on the bus. It is assumed that the
waveform received at a terminal (the end of the stub) is essentially the same as the waveform at the coupler
connection to the main bus cable.

The computer simulation program was written for execution on an IBM PC or compatible computer. The bus
waveform plot from the simulation and an oscilloscope photo of the bus waveform on the actual bus are given
in figure 40-19. This was a 177 ft. long bus with nineteen bus couplers. Couplers 1 to 7 are grouped within
six feet of one end of the bus, couplers 8 to 11 are grouped within three feet of each other and are 160 feet
from the first group. Couplers 12 to 19 area multi port and are therefore only inches apart, they are five feet
beyond couplers 8 to 11. The load resistance at coupler 11 was zero to simulate a short circuit fault condition.
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The source was at coupler 1 and the output was at coupler 4. The plot and photo show the typical wave top
distortion and extra pulse at the end of a transmission that are caused by bus reflections. Computer
computation time for this simulation was about six minutes.

40.9 WAVEFORM QUALITY. As stated in the introduction, the most important aspect of a network is its ability
to transfer voltage waveforms with minimum distortion. The ultimate test of the viability of a network is whether
the received voltage waveform quality at all terminals meets the input requirements when receiving a
transmission from any other terminal. To design and build a 1553B bus network that will work or analyze one
that already exists, the received voltage waveform quality must be evaluated. Three indicators of received
waveform quality are:

a. Received waveform amplitude.
b. Received waveform zero-crossing distortion.
c. Received waveform tailoff.

In 40.9.1, the waveform quality requirements of 1553B are discussed as an introduction to discussions of the
three indicators of received waveform quality.

40.9.1 Waveform quality requirements. There are only two places in 1553B that explicitly state network
performance requirements: paragraphs 4.5.1.5.1.4 and 4.5.1.5.2.3, which specify the minimum and maxi-
mum output voltages for direct- and transformer-coupled stubs. The voltage of any transformer-coupled stub
must be between 1.0V and 14.0V peak-to-peak for any stub receiving a transmission from any other stub. The
transmission may be between worst case specified voltages (at the transmitter), and there can be one shorted
stub. The voltage of any direct-coupled stub must be between 1.4V and 20.0V peak-to-peak, with the same
set of conditions. The required output levels for a terminal are 18V to 27V peak-to-peak for a transformer-
coupled type and 6V to 9V peak-to-peak for a direct-coupled type. Either type of terminal may be connected
to the same bus such that combinations of any types of transmitter and receiver pairs is allowed (i.e.
transformer coupled with transformer coupled, transformer coupled with direct coupled, or direct coupled with
direct coupled).

There is an implicit constraint that a network may add only 125 nanoseconds zero-crossing distortion to a
signal. This comes from the fact that a terminal must correctly decode bus traffic with up to 150 nanoseconds
zero-crossing distortion (4.5.2.2.2.1 ) and that a transmitting terminal may have up to 25 nanoseconds zero-
crossing distortion in its output signal (4.5.2.1.1.2 and 4.5.2.2.1.2). Thus, for a signal to arrive at a terminal
with less than 150 nanoseconds distortion, if it had 25 nanoseconds of distortion to begin with, the network
had to have added less than 125 nanoseconds of distortion.

Consider as well that the network must work with a single shorted stub (4.5.1.5.1.4 and 4.5.1.5.2.3). It is also
wise to design so there is margin for noise (and for good measure) as well as for future growth. These practices
are not always possible, although attempting them will tend to make a design better.

40.9.2 Received waveform amplitude. The amplitude at any receiver is determined by the transmitted
waveform amplitude, the total network loading, and the position of the receiver relative to the transmitter. The
effect of the waveform amplitude on terminal ability to decode depends on the manner in which the receiver
interprets the waveform at its input. (Transmitted waveform is discussed in section 50.)

As shown in 40.7.1.1, the amount of voltage from the transmitting stub to the main bus depends on total
network loading. Total network loading is the impedance connected to the main bus. Because the terminating
resistors are fixed, total network loading is a function of the number of stubs and their lengths.

The effect of receiver placement relative to the transmitter is shown in 40.7.1.1. Long distances between
receiver and transmitter cause lower received voltages.
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One advantage of higher amplitude is more noise margin. Because receivers typically have positive and
negative thresholds (see section 50), the amount of margin is the peak waveform amplitude minus the
threshold voltage. Therefore, it is not the amplitude above (or below) zero that is important, it is the difference
between peak voltages and thresholds. The waveform amplitudes at which terminals are required to reject
Gaussian noise at an acceptable rate are specified in 1553B as 2.1V peak-to-peak for transformer-coupled
terminals and 3.0V peak-to-peak for direct-coupled terminals (4.5.2.1.2.4 and 4.5.2.2.2.4). It is strongly
recommended that a network be designed that will meet these amplitudes. If, in an extreme case, lower
amplitudes will occur, the designer must closely assess the noise environment in which the network operates.

Higher amplitude also provides greater immunity to distortion caused by reflections. As mentioned in 40.7.1.4,
all reflections will affect the shape of the wavetops. Therefore, if waveform amplitude is near the threshold
voltage of the receiver, the receiver will in essence be using wavetops to decode the signal. In such a case,
the reflections ignored initially (because they were not delayed enough to affect zero-crossing accuracy) start
to factor into the decoding of the waveform. Thus, overall, decoding integrity is more sensitive to reflections
when the received amplitude is low.

40.9.3 Received waveform zero crossing. The zero-crossing distortion at the receiver input is a function
of bus length, the number of stubs, and stub lengths. Reflections off stubs are typically the largest source of
zero-crossing distortion. The effect of dispersion on zero crossing does not become a significant factor until
bus length gets long.

Paragraph 40.7.1.4 discusses the effects of stubs on zero-crossing distortion. Paragraph 40.6.3.2 discusses
the effects of dispersion on zero crossing. It is necessary that the zero-crossing distortion of the waveform
reconsidered when designing a network. A system will not work if it does not meet the requirements in 1553B
for zero-crossing distortion.

A network should always be designed such that it contributes no more than 125 nanoseconds to the waveform
zero-crossing distortion. This applies to the case in which there is a shorted stub. It is recommended, however,
that a network be designed with at least 25 ns of margin (including a shorted stub) to allow for future growth.
Paragraphs 40.7.1.3 through 40.7.1.6 show a first approximation method for determining zero-crossing
distortion. For a more accurate picture of network performance, it must be simulated (see 40.8).

40.9.4 Received waveform tailoff. At the end of a transmission, there are still reflections on the bus that
are basically of the same frequency content as the bus waveform. Additionally, there will typically be a low-
frequency exponentially decaying voltage (time constant approximately 25 us) that is the result of waveform
imbalance (see 40.4.3). These two voltages add up to form the tailoff.

Tailoff is a conservative indicator of bus performance. The absence of any fundamental waveforms allows
for close inspection of the reflections. If the reflections themselves (minus the low-frequency component)
exceed 30% of the peak waveform amplitude and are delayed by 500 nanoseconds or greater, it means that
the waveform is near the zero-crossing distortion limit. If the low-frequency component is very large (greater
than 200mV), it is possible that the transmitting terminal has a waveform balance problem. This could cause
problems with meeting the intermessage gap requirement (see section 50).

In either case, investigation of the tailoff waveform is a good measure of bus (and terminal) performance.
When analyzing an existing system, the tailoff is an important piece of information.

40.9.5 Summary of waveform quality. Ultimately, waveform quality is the measure of network performance.
Voltage waveforms at all stubs must meet requirements for minimum amplitude and maximum zero-crossing

distortion. They should meet limits recommended in this document.

40.10 DESIGN GUIDELINE. The following guidelines are derived from section 40 as well as from
experimental data. It is essential that the network designer consider them at the beginning of the design
process. Beginning with a prudent design is an expedient way of drastically reducing the probability of future
system problems.
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40.10.1 Bus length. Keep bus length as short as possible. In other words, connect the bus to each terminal
by the most direct path possible. Because reflections caused by transmission line effects are more dominant
for longer transmission distances, keeping lengths short will minimize reflection. In addition, lossy effects of
practical cable cause distortion that worsens proportionally with length. Although 1553B does not specify a
maximum allowable bus length directly, there is an implicit constraint in the terminal response times. Because
there is a difference of 2 us between maximum remote terminal (RT) response time and bus controller (BC)
error declaration, the bus must be less than 1 us long. This limit is to allow for the propagation time from the
BC to the RT and from the RT to the BC. Using 1.6 nanoseconds/ft., maximum bus length would be 625 ft.
If a longer bus length is to be used, the RT response time and BC response timer interals will require careful
attention to preclude spurious “no response” declarations. See section 50 for details of terminal design.

40.10.2 Stub distribution. Spacing of stub connections on the bus should be as uniform as possible.
Collocating stubs causes an effectively larger mismatch at that point on the bus. It is twice the mismatch as
for two closely located stubs, and three times the mismatch as for three, etc. It is best to locate stubs such
that the bus distance between adjacent stubs is at least as long as twice the length of the longest of the two
stubs. This will minimize the overlap of the transient portion of the distortive effects caused by the different
stubs (see 40.6.2. 1). it should be noted that multistub couplers are becoming more popular. This is not a
recommendation against using them. When making use of multistubcouplers, exercise caution to ensure that
the distortion limits are not exceeded.

40.10.3 Cable routing. Route the main bus cable so stubs areas short as possible. Because the main bus
is primarily a properly terminated transmission line and the addition of stubs causes distortion (worse with
longer stubs), it can be reasoned that, in most cases, the best solution is to add length to the main part of the
bus to lessen the length of the stubs. Following this suggestion will force the network toward the configuration
suggested in guideline 40.10.2. It should be noted that the advantages of doing this must be weighed against
the advantages of keeping the bus length as short as possible. The cable used throughout the bus and stubs
should have the same part number to ensure uniform cable impedance. Also, where there is redundancy (two
or more buses), route the data buses so a single event failure does not cause the loss of more than one bus
(4.6.2).

40.10.4 Bus simulation. Perform simulations to determine waveform quality at each terminal connected to
the network. From previous descriptions it can be seen that the effect of one stub on bus waveform quality
may be readily understood when certain assumptions are made. Predicting the outcome when several (or
many) stubs are connected to a substantially long bus becomes a much more complex and difficult task. Add
to this task the variable of non-ideal considerations, and a complex situation arises. Therefore, simulations
of any proposed network must be performed before a permanent design is committed. The final simulation
should bean actual hardware mockup. Computer simulations are helpful in the early stages of design. It is
important to remember that, despite some general rules, each network configuration is unique and must be
validated individually. Although 1553B are a standard and fairly well thought out, there are enough allowable
variances to warrant investigation of individual networks. Criteria for judging bus waveform quality are in 40.9
through 40.9.5; simulation is in 40.8.

40.10.5 Selecting resistors. Select isolation and termination resistors with proper values, tolerances, and
power ratings.

MIL-STD-1553B specifies resistors to be used in three places:

a. In direct-coupled terminals for isolation between terminal and stub.

b. In couplers used for transformer-coupled stubs to isolate stub and coupler from the bus.
c. For terminating the ends of the bus.

Resistors used indirect-coupled terminals will not be discussed here because they are covered in section 50.
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Isolation resistors specified for transformer-coupled stubs (4.5.1 .5.1.2) are 0.75 x Z0 + 2% ohms. The only
problem is to accurately know the nominal Z of the cable, this value is specified by the manufacturer at a
certain frequency (usually 1 MHz for cable that is designed for 1553B). Additionally, the power dissipation
capability must be sufficient to handle worst case transmission duty cycle and amplitude.

The worst cast for isolation resistors exists when the terminal connected to the same stub as the isolation
resistors is the transmitter. Making all worst case assumptions (small rise time, 100% duty cycle, maximum
transmitter amplitude, and minimum bus impedance), the most power that these resistors will have to dissipate
is 1W each.

The bus-terminating resistors are required to be Z 2% (4.5.1.4). Again, as in the case of the isolation
resistors, their value depends on the nominal cable impedance, so cable manufacturer specifications must
be consulted before selecting these resistors. The maximum power dissipated in these resistors, using the
same worst case assumptions as for the isolation resistors, is 0.35W.

For both types of resistors, be certain that their resistance is constant from direct current up to frequencies
of at least 6 MHz. Most of the energy of a 1553B waveform is within this frequency band.

40.10.6 Shielding. Properly shield the network. The requirements for the bus cable in 1553B paragraph
4.5.1.1, as redefined by 30.10.1 of Notice 2, state that there must be four twists of the two conductors per foot
of wire length and that there must be at least 90°4 shielding coverage. Additionally, 1553B paragraphs
45.15.1.3and 4.5.1.5.2.2, as well as 30.10.2 of Notice 2, state that the junctions between bus and stub must
have 75% shielding coverage.

The percentage of cable shielding coverage is a measure of the density of the metal braiding commonly used
for shielding. The denser the braid, the higher the percentage of coverage. Typically, manufacturers can
furnish the level of shielding for the cables they produce.

Shielding is a measure taken to reduce the energy coupled to the bus. Shields usually are grounded at each
coupler. Care must be taken that the shields of the various pieces of cable that makeup a network are held
at the same potential by connecting them through the cable junction.

Twisting the two wires that make up the cable ensures that most of the energy that gets past the shielding is
coupled as common mode. MIL-STD-1553B is, by specification, resistant to common-mode voltages and
making sure that most of the coupled noise is common mode enhances network performance.

40.10.7 Experimentally based guidelines. The following subset of guidelines is based on experimental
results and practical experience, they include the effects of a single shorted stub. They are put here to give
the reader an idea of practical limits of bus loading. Despite numerical guidelines such as this, it is still
necessary to simulate a bus design.

a. If total bus length is less than 100 ft., 32 terminals with stubs up to 10 ft. long can be connected in almost
any desired distribution along the bus cable. This is true because waveform distortion due to reflections
on transmission lines only becomes significant when reflected waves are delayed by at least 100 nanos-
econds (for a 100-ns rise time) relative to the transmitted wave. The reflection point must be located about
33 ft. from the receiving terminal to produce this amount of delay. Because the reflection from a single
coupler with a 10-ft. long stub under nominal conditions is only about 3.0% of the incident voltage wave,
a closely spaced group of 12 couplers is required to cause transmission errors. A safe design rule would
be to position no more than 12 terminals on any 33-ft. section of the bus.

b. Total bus length can be 200 ft. if the 32 terminals are distributed so that no more than eight terminals are

positioned on any 50-ft. section of the bus. It maybe necessary to keep stub cable lengths less than 10
ft. long. Simulation should be used to ensure that waveform distortion is not excessive.
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c. If all stubs are transformer coupled and less than 1 ft. long, 300- to 400-ft. long buses are possible.
Because the reflection from a single coupler with a 1-ft. long stub under nominal conditions is only about

1.0% of the incident voltage wave, a closely spaced group of 30 couplers would be required to produce
transmission errors.

d. In general, stub length should be short to minimize waveform distortion. One coupler with a 15 ft. stub
causes about the same amount of waveform distortion as two couplers with one foot stub lengths. A 25
ft. long stub can cause as much waveform distortion as three couplers with one foot stub lengths. In special
cases, where the main bus is short (less than 50 ft.) and only a few terminals are required, it may be
possible to use one or two stubs that are 25 to 50 feet long.
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50.1 INTRODUCTION.

50.1.1 Scape. This section discusses hardware design of MIL-STD-1553B terminals. A basic understanding
of MIL-STD-1553B is assumed. Section 20 of this handbook should be read and its commentary understood
before reading this section. Explanations of the rationale behind sections of the standard will sometimes be
repeated or expanded where necessary.

This section was written for the engineer who is just starting to design a MIL-STD-1553 terminal. There are
many integrated circuit or hybrid microcircuit parts available from many vendors with which to build the
terminal. The designer should probably have a collection of data sheets for candidate parts in hand while
reading this section. This section contains guidance to the designer on choosing the proper parts for his
application, although no vendor names are mentioned. System requirements will determine the need for some
of the optional features, so the terminal design should not be attempted until system requirements have been
defined.

This section discusses many factors that must be considered when designing MIL-STD-1553B terminals.
Very few hard-and-fast rules are given or can be given. The system considerations that play a big role in the
design decisions that have to be made are discussed further in section 60 of this handbook.

It is hoped that the discussions in this section alert the reader to requirements in MI L-STD-1553B that are not
obvious or are often overlooked and that it suggests design solutions for them.

The analog front end of a terminal is one of the most critical elements of the overall design. The fact that most
terminals being designed today use off-the-shelf hybrid or VLSI IC parts has gone far toward simplifying
terminal design.

Hints for designing the rest of the terminal are also given, along with generic design examples of a remote
terminal (RT) and a bus controller (BC). These examples, along with the specific system design examples
in section 70, should enable the designer to design terminals in a much more intelligent and efficient manner.
This terminal design section is organized as follows:

a. Paragraph 50.2 explains terminal types and discusses issues that are common to all terminals.

b. Paragraph 50.3 discusses the analog front end or that portion of the terminal that deals with the terminal
characteristics discussed in 4.5.2 of MIL-STD-1553B. Two design examples are included.

c. Paragraph 50.4, the digital section, deals with bits, words, and messages. This section is applicable to
all types of terminals.

d. Paragraph 50.5 discusses remote terminal (RT) requirements. A general design example is included.
e. Paragraph 50.6 discusses bus controller (BC) requirements. A general design example is included.
f. Paragraph 50.7 discusses bus monitor requirements.

g. Paragraph 50.8 is a short discussion of design issues related to compatibility of terminals with older
systems.

1553, 1553A, and 1553B- These terms will be used to mean MIL-STD-1553 (any version), MIL-STD-1553A,
and MIL-STD-1553B, respectively.

Terminal- A terminal is defined in 1553B (3.10) as “The electronic module necessary to interface the data
bus with the subsystem and the subsystem with the data bus. Terminals may exist as separate line
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replaceable units (LRUS) or be contained within the elements of the subsystem.” This definition allows a
terminal to be a totally separate LRU, a circuit card, or a small portion of a circuit card; there is no restriction
on the physical partitioning of the system. However, the current trend in technology is for smaller size and
fewer parts.

A terminal is either a bus controller (BC), a remote terminal (RT), or a bus monitor. Nothing in 1553B precludes
a terminal from including the capability of performing the functions of more than one of these three types of
terminals, but a terminal may perform only one function at any onetime.

Bus controller (BC)- A BC is defined in 3.11 of 1553B as “The terminal assigned the task of initiating
information transfers on the data bus.” There is one (and only one) BC on a 1553B bus at any given time, and
this terminal totally controls the flow of information on the bus. No other terminal may transmit anything on
the bus except as instructed by the BC.

Bus monitor— A bus monitor is defined in 3.12 of 1553B as “The terminal assigned the task of receiving bus
traffic and extracting selected information to be used at a later time.” A bus monitor does not transmit status
words or anything else on the bus. It may have no terminal address and, in fact, can receive information
addressed to any (or all) terminals on the bus. As defined in section 4.4.4 of 1553B, a bus monitor may have
an assigned terminal address, in which case it acts just like an RT for commands to that address. The two
most common applications of bus monitors are:

a. Instrumentation, for recording bus traffic from many or all terminals for off-line analysis.

b. Backup BC, to provide a terminal with enough information to become the BC on the bus if commanded
to do so, either with a dynamic bus control mode command or by some other method.

Remote terminal (RT)- RTs are defined in 3.13 of 1553B as “All terminals not operating as the bus controller
or as a bus monitor.” An RT cannot initiate any data transfer on the bus (like a BC can) and must respond
to commands issued by the BC (unlike a bus monitor). It is important to note that an RT cannot initiate
information transfers on the bus; only the BC may do this. Each RT has a unique terminal address assigned
to it; information may thus be directed to each specific RT.

Subsystem- The subsystem is defined in 3.8 of 1553B as “The device or functional unit receiving data
transfer service from the data bus.” The subsystem is considered to be the portion of the LRU (line replaceable
unit—the entire item of electronics) other than the terminal. In other words, it is the hardware interfacing with
the nonbus side of the terminal.

System configuration- A 1553 bus system includes a BC (and possibly one or more backup BCs), one or
more RTs (up to a maximum of 31), and zero or more bus monitors (typically not more than one, but could
be any number). The BC has control of the system. It initiates messages that transfer data to or from an RT
or control the operation of an RT. Each RT receives data sent to it by the BC, transmits to the BC or to another
RT the data requested by the BC, or performs the commanded control function. A bus monitor listens to the
traffic on the bus and extracts whatever information it has been programmed to extract.

50.1.2 Terminal block diagram. A general diagram of a 1553B terminal is shown in figure 50-1. This figure
applies to all types of terminals (RT, BC, and bus monitor). The partitions between functions shown do not
necessarily represent actual physical partitions. That is, the blocks shown might or might not represent actual
parts. In a real system, functions might be partitioned differently among the parts used to implement the
design.

It infrequently difficult to define the dividing point between the terminal and the subsystem. In many systems,
this dividing point would logically be drawn through the middle of a physical component. That is, there is a
component that performs some of the functions described here and some of the functions assigned to the
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Figure 50-1. Terminal Block Diagram

subsystem. However, all the functions discussed need to be performed, and the arrangement shown is a
common way of actual physical partitioning.

The analog front end of a 1553B terminal (see 50.3) consists of one or more channels (multiple channels are

used for redundancy-see 50.4.3). Each channel contains an interface to translate the 1553B bus signal
(whose signal characteristics are as defined in 1553B) into a digital signal with voltage levels appropriate for
the remainder of the terminal (typically TTL-transistor-transist or logic-voltage levels). Conversely, the

digital levels must be translated into the 1553B signal levels for transmission.

The remainder of the terminal is termed the digital section (see 50.4). The digital section contains a fail-safe
timer to prevent transmissions longer than 800 ps, as required by 4.4.1.3 of 1553B (see 50.4.2 for more
discussion of the fail-safe timer).

Each channel of the digital section also contains an encoder/decoder that deals with the data on a bit and
single-word level. Its purpose is to change the data from its Manchester-coded format into the proper digital
data format (typically 16-bit parallel) needed by the rest of the terminal (and vice-versa), and to perform error
detection for word-level 1553B errors (e.g., bit count errors, Manchester coding errors, etc.). There must be
a separate decoder for each channel, but there might be only one encoder.

The protocol control unit in the digital section deals with the message as a whole. There maybe one of these
per channel, or there maybe only one for the whole terminal. Its purpose is to form messages from words
(and vice-versa), to know the type of message and perform the proper actions depending on this, and to
perform error detection for message-level 1553B errors (e.g., word count errors). This section is different in
each of the three types of terminals.

The final element of the digital section is the subsystem interface. Its design varies greatly depending on the
type of interface required between the terminal and the subsystem.

Those portions of the terminal design that are common among all three types of terminals are discussed first
(50.3 and 50.4). Portions unique to each type of terminal (i.e., the protocol control unit and the subsystem
interface) are discussed later in individual sections for RTs (50.5), BCs (50.6), and bus monitors (50.7).

50.2 GENERAL DESIGN CONSIDERATIONS. The design of a 1553B terminal depends on many different
factors. First, of course, is the choice of BC, RT, or bus monitor. This choice is usually obvious. In most 1553B

systems, the BC is part of a computer that processes information transferred on the bus. Each source of
information (e.g., a switch panel or an inertial navigation unit) and each sink for information (e.g., a display
panel or a store, which is a device carried by an aircraft and normally used up during a mission, like a bomb
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or a missile) includes or interfaces with an RT. Note that nothing precludes a particular LRU from being both
a data source and a data sink. There mayor may not be a bus monitor connected to the bus for instrumentation
purposes (e.g., for gathering data for flight test or mission analysis) or as part of a backup BC. In each case,
the required function (BC, RT, or bus monitor) is usually clear.

In some cases, a terminal must perform the functions of more than one of the three types. Some RTs must
also have the capability to be BCs. If the (current) BC issued a dynamic bus control mode command to an
RT with the capability to accept it, the RT would become the BC, and the (former) BC would become an RT.
Note that Notice 1 and Notice 2 prohibit the use of this function for Air Force avionics applications, although
neither BCs nor RTs are prohibited from implementing the capability. Some bus monitors may also act as RTs
with a defined terminal address. This capability is often used to check the status of the bus monitor, particularly
in systems in which a bus monitor is permanently installed.

50.2.1 Types of terminals. Terminals can be designed with different degrees of intelligence and autonomy.
They can be divided into three categories by the type of control or protocol logic used in their implementation.
From the simplest to the most complex, these are single-word, single-message, and multiple-message
terminals. BCs can be designed to fit any of these categories, but normally RTs or bus monitors would be
designed only as single-word or single-message terminals.

50.2.1.1 Sinale-word terminals. In a system with a single-word terminal, the subsystem must process each
word in each message individually. That is, a single-word terminal requires subsystem intervention or action
for every word. After all the words have been received, the subsystem processor must determine the validity
of the message and construct the proper response. The response must then be transferred to the terminal
one word at a time and transmitted.

A single-word RT would send all received data words to the subsystem, one at a time. The subsystem would
have to validate the message, construct and send the status word on the 1553 bus, and then send any data
words required. For a single-word BC, the subsystem would have to construct the desired command, instruct
the BC to send it, define which of the 1553 buses to send it on (in a redundant bus system), provide any data
words required, read the response from the BC, evaluate the response, and initiate any further action.

In a microprocessor-based subsystem, this type of terminal would probably be an I/O channel to the processor.
Depending on the level of bus traffic, the subsystem processor could experience a reduction of 20% or more
in throughput due to the processing demands of the 1553 I/O channel. Terminals of this sort were common
in the early days of 1553 but are seldom seen today. The amount of support that they demand from the
subsystem is usually unacceptable, and parts are available to implement terminals that are more intelligent
with little difficulty.

50.2.1.2 Single-message terminals. A single-message terminal has enough capability to construct or
process a complete message without any action by the subsystem. Subsystem action is required only at the

beginning (for a BC) or end (for an RT) of the message or in the event of an error.

A single-message RT is always ready to respond autonomously to a valid command on the 1553 bus. It
decodes the command to determine the proper data and then transfers it to or from the subsystem. The
subsystem may need to be informed that a message has been received so that the data may be used or
updated, but commonly, the subsystem does not require such notification. Since the RT is controlled by the
commands received on the bus, there is no need for any control by the subsystem.

A single-message BC transmits the required command and data words on the 1553 bus. The status word
received in response is then provided to the subsystem, along with any error indication. The subsystem is
responsible for processing any errors and interpreting the status word contents, deciding what the next
message should be, and then issuing it. This type of terminal is typically used with a microprocessor-based
subsystem; the messages to be sent are all constructed by the subsystem processor and placed in defined
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memory locations (to be read by the terminal via direct memory access (DMA)) or written to registers in the
terminal.

In either case (RT or BC), the terminal provides the data to the subsystem or gets the necessary data from
the subsystem autonomously, usually via DMA into subsystem memory. The terminal informs the subsystem,
probably with a discrete interrupt, when the message is complete and if there were any errors.

50.2.1.3 Multiple-message terminals. A multiple-message terminal has even more intelligence. It is a
processor or sequencer in its own right. This type of terminal only makes sense as a BC, although some

multiple-message BCs are capable of being configured to act as RTs upon command from the subsystem or
with a discrete interrupt. It is capable of chaining several messages together, maintaining a schedule of
messages required on the bus, and initiating all transfers at the required times and in the required sequence.
In system terms, the multiple-message BC would be programmed with a whole minor frame or even major
frame at a time.

Some multiple-message BCs are intelligent enough to interpret the responses (e.g., status word bits),
automatically retry failed messages, and perform exception chaining (i.e., modification of the message list in
the event that a message fails). The subsystem would normally be interrupted only when the message list
is complete or if there is an error. In some systems, there might need to be notification of each message or
selected messages. This would need to be defined in the system’s specification.

50.2.2 Terminal partitioning . Terminals may have various proportions of their design in hardware, firmware,
and software. Typically, an older design, simple terminal would be almost all hardware, while a newer design,
complex terminal would consist largely of software or firmware. Most of the design tradeoffs are similar in the
case of 1553B terminals to those for most other systems, so they will not be repeated here. The availability
of integrated circuit and hybrid microcircuit parts that implement large portions of the terminal design, and
which are considered hardware, simplify the partitioning. This point is discussed further in the design
examples later in this section (see 50.5.8 and 50.6.6).

50.3 ANALOG FRONT END. The analog front end of a 1553B terminal is a very important portion of its design.
An inadequate analog design can cause an otherwise well-designed terminal to be marginal and a marginal
terminal to be inoperative. This section discusses the devices that are available for terminal front end design
and some design considerations for meeting the specifications in 1553B. It also includes two design
examples.

There are two major elements in the analog front end of a terminal (see figure 50-2). The receiver translates
bus signals into a digital form suitable for the rest of the terminal. The transmitter, or driver, translates signals
from the remainder of the terminal into the proper waveforms to be transmitted on the bus. Almost all practical
terminals also contain an input transformer, and a terminal designed for a direct-coupled stub input contains
two fault-isolation resistors.

Transmitters and receivers are usually implemented in current designs as hybrid microcircuits. Most terminals
that are designed today use a transceiver, which consists of a transmitter and a receiver mounted together
in one package. Transceivers are available with either one or two complete units mounted in a single package.
Newer parts commonly have greater portions of their design in monolithic integrated circuits (ICs). That is,
they are built with fewer parts. There will soon be available a true monolithic transceiver, or an entire
transceiver built on one piece of silicon.

Receivers and transmitters are treated separately in the following discussion (50.3.1 and 50.3.2). Even when
packaged as a transceiver, the receiver and transmitter portions are generally electrically and functionally
independent. Considerations that apply to the whole transceiver are also discussed (50.3.3).

50.3.1 Receivers. The receiver is the terminal element that translates the analog waveform received from
the 1553 bus into a digital signal of appropriate characteristics (typically differential TTL) for the rest of the
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Figure 50-2. Analog Front End

terminal. It does no decoding or checking of the signal. A receiver contains an input filter to remove noise
and a threshold comparator. It produces an output of 1 (i.e., RCV_OUT high) when 1553 BUS + is sufficiently
greater than 1553 BUS_—, an output of 0 (i.e., RCV_OUT/ high) when 1553 BUS_— is sufficiently greater
than 1553 _BUS_+, and both differential outputs high (or low, see 50.3.1.2) when there is no sufficiently large
signal on the 1553 bus.

50.3.1.1 Receijver input filtering. The input filter is a key element in determining receiver performance. The
bus signal is corrupted by the addition of noise, often to the point that it is difficult to decode. This noise is mainly
due to reflections from impedance discontinuities (e.g., stubs, in-line connectors, and terminators) in the bus
network. Another source of noise is electromagnetic interference (EMI) or coupling of signals into the cable
from other parts of the system. Both of these types of noise are mostly higher in frequency than the 1553B
fundamental frequency of 1 MHz. The purpose of the receiver input filter is to eliminate as much of this noise
as possible while minimizing signal attenuation.

This noise and signal distortion can cause multiple zero-crossings to occur in a bit time (1 us) and can also
cause a large error in the time of a zero-crossing (a zero-crossing shift error). This could cause the word to
be misinterpreted by the decoder. The decoder would detect this as a Manchester error, which is a bit that
does not have opposite values in the two halves of the bit time. One bit could also be distorted sufficiently that
it is decoded as valid but of the wrong value. The decoder would detect this error with the parity bit. In both
of these cases, the decoder knows the word is invalid, and the message transfer fails. It is also possible that
the signal could be distorted to such an extent that the decoder thinks it is valid, but decodes the wrong value.
The purpose of the receiver input filter is to reduce the word error rate by reducing the noise or distortion of
the signal. Design experience has shown that the specified word error rate cannot be met without filtering on
the input of the receiver.

A 1553B bus operates at a bit rate of 1 MHz. Due to the Manchester encoding of the data, there are frequency
components at 250 kHz, 333 kHz, and 500 kHz as well as 1 MHz. This follows from the possible zero-crossing
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time intervals of 0.5, 1.0, 1.5, and 2.0 ps in a 1553B signal. At first glance, therefore, it would appear that a
filter that passed the band of 250 kHz to 1 MHz and rejected everything else would pass the entire signal but
reject much of the noise. However, the trapezoidal waveshape of the input (as opposed to a sinusoidal
waveshape) adds high-frequency components. Actually, even if the signal were sinusoidal in shape, the fact
that it is time limited (i.e., @ message has a finite length) introduces higher frequency components.

As mentioned above, the noise present on the bus signal is mostly higher in frequency than the signal. Low-
frequency distortion is also possible; typically, it is a result of droop in the coupling and isolation transformers.
There could also be some low-frequency noise coupled onto the bus. The amount should be low, however,
since low-frequency noise couples onto a line much less easily than high-frequency noise. Experience has
shown that there is little need for filtering of low-frequency noise.

There is no requirement in 1553B that covers the nature of the input filter. In fact, there is no requirement for
one at all. There is only the need to meet the other 1553B requirements, most importantly the noise test (see
45.2.1.2.4 and 4.5.2.2.2.4 0f 1553B). Typically, receiver input filters are multipole low-pass designs; they start
to roll off between 1 and 2 MHz. No low-frequency rejection filtering (high pass) is done directly. However,
the isolation transformer (see 50.3.4) does reject low frequencies to some extent. The shunt capacitance of
the isolation transformer contributes more rolloff at the higher end of the frequency response. The desired
response of the input filter is one that band limits the received pulses as much as possible without adding
significant distortion.

50.3.1.2 Current-and voltage-mode transmitters. Receivers differ in the states of their differential
outputs while there is no voltage on the bus. Also, decoders differ in the states they require on their inputs

when there is no voltage on the bus. Therefore, the proper type of receiver must be selected to match the
decoder being used (or vice versa).

All receivers are required to provide a 1 on the OUTPUT _+ line and a 0 on the OUTPUT_— line when the
INPUT_+ line is positive with respect to the INPUT_—line, and vice versa. Some receivers, however, set both
OUTPUT_+ and OUTPUT_—to 0 with no signal on the bus, and some set them both to 1. A similar situation
exists with decoders; some decoders require both differential inputs to be 0 when there is no signal on the bus,
and some require both inputs to be 1.

If it is desired to connect a receiver and a decoder of the incorrect type, the receiver outputs may be inverted
and swapped as shown in figure 50-3. This reverses the quiescent values of the outputs without changing
the active states. Reference the truth table included in figure 50-3. This circuit changes an input with both
lines at 1 to an output with both lines at 0 and changes an input with both lines at 0 to an output with both lines
at 1, but leaves unchanged an input with one line 1 and the other 0.

50.3.2 Transmitters. The transmitter is the element in the terminal that drives the bus. It accepts as its input
the digital signal from the encoder (typically differential TTL) and produces a signal on the 1553 bus that meets
the requirements of 1553. It typically contains two drivers, one for each side of the differential 1553 bus. Each
is designed to control the rise and fall times and the waveshape of the outputs. A transmitter also typically
contains an inhibit input (XMIT_INHIBIT) by which it may be disabled. This input is used by the fail-safe timer
(see 50.4.2) to turnoff the transmitter if, due to a failure condition, a transmission would last longer than 800

LS.

50.3.2.1 Current- and voltage-mode transmitters. There are two types of transmitters available today.
These are the current-mode transmitter (figure 50-4) and the voltage-mode transmitter (figure 50-5).

A current-mode transmitter is one that produces a consistent output current. When loaded with a 70-ohm (or
35-ohm) resistor, as specified in 4.5.2.1.1. or 4.5.2.2.1 of 1553B, this consistent current produces a consistent
voltage, but if the load varies from 70 (or 35) ohms, the output voltage will also vary. A voltage-mode
transmitter is one that produces a consistent peak output voltage that does not depend greatly on load
impedance. Another way of stating this is that the output impedance is fairly low (typically about 4 ohms). As
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Figure 50-3. Circuit to Change Quiescent States of Receiver Outputs

was discussed in section 40, the impedance that a terminal actually sees can vary quite a bit from the nominal
value.

The isolation transformer turns ratios shown in figures 50-4 and 50-5 are for ransmitters that use a 15V power
supply. A transmitter designed for a different supply voltage (e.g., 12V or 5V) requires an isolation transformer
with a different turns ratio. However, the relative values of the turns ratios between different types of terminals
will be consistent. For example, in Figure 50-4, the transformer used with a direct-coupled stub will have a

turns ratio that is a factor of 1.4 (equals 2:1/1.4:1) less than the transformer used with a transformer-coupled
stub.

Figure 50-4a shows a current-mode transmitter for connection to a transformer-coupled stub. Note that the
transformer has a grounded center tap. There are two drivers in the transmitter, one connected to each half
of the transformer winding. The winding direction of the transformer is such that the top driver drives the output
positive. The bottom driver drives current in the transformer in the opposite direction to the top driver, thus

producing a negative output. During a transmission, the top driver drives the positive half of the output pulse
and the bottom driver drives the negative half.

As required by 1553B, the transmitter produces an output amplitude of 18 to 27 Vp-p (Volts peak-to-peak), line
to line, when connected to a 70-ohm resistive load. Typically, the output voltage is about 20 to 21 Vp-p. Since
the network presents approximately this impedance to the terminal, this is approximately the output voltage
of the terminal in a network. Each driver operates into a load of 70 ohms.

Figure 50-4b shows a current-mode transmitter for connection to a direct-coupled stub. The current drivers
drive the transformer in the same fashion as discussed in the previous paragraph. The turns ratio of the
transformer is different, though, to provide the correct terminal output voltage. The output voltage required
by 1553B is 6 to 9 Vp-pwhen the terminal is connected to a 35-ohm resistive load. Because of the voltage-
dividing effect of the two 55-ohm fault-isolation resistors, the voltage at the bus side of the transformer is 25
to 37 Vp-p. The driver operates into a load of 72.5 ohms, which is approximately equal to the 70 ohms for the
previous (transformer-coupled) case.

Figure 500-5a shows a voltage-mode transmitter for connection to a transformer-coupled stub. The
transformer does not have a center tap. The voltage-mode transmitter drives the complete winding of the
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Figure 50-4. Current-mode Transmitters

transformer. The driver drives the transformer positive to produce a positive output and negative to produce
a negative output. The terminal output voltage is still 18 to 27 Vp-p as required by 1553B. The-70-ohm resistive
load through the 1.4:1 transformer presents a load of 140 ohms to the driver.

Figure 50-5b shows a voltage-mode transmitter for connection to a direct-coupled stub. It is similar to the
transformer-coupled case; the difference again is the output voltage. The voltage at the bus side of the
transformer is again 25 to 37 Vp-p to produce the terminal output voltage of 6 to 9 Vp-p required by 1553B. The
driver sees a load of 145 ohms, again just about the same as the 140 ohms for the transformer-coupled case.

It is sometimes difficult to determine if a given part has a voltage-mode or a current-mode transmitter because
these terms are not typically used on data sheets. One indication is the typical application circuit shown. If
the isolation transformer has a grounded center tap (on the transmitter side), the transmitter is current mode.
Voltage-mode transmitters use a transformer without a grounded center tap. The output impedance of a
current-mode transmitter is usually not specified, since the output impedance of a current source is difficult
to define. Voltage-mode transmitters usually do specify an output impedance. Finally, voltage-mode parts are
larger and draw more power.

In summary, the advantages of these transmitters areas follows:
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Figure 50-5. Voltage-Mode Transmitters

a. Voltage-mode transmitters- Voltage-mode transmitters have lower output impedance. When driving
a network with a highly reactive impedance, a lower driver impedance results in less distortion and less
amplitude inconsistency in the output signal. Since a voltage-mode transmitter uses an input transformer
with a different turns ratio, a terminal using it also has a higher input impedance (see 50.3.7.2). This tends
to improve the network waveform integrity. They could also function better in a system in which the 1553
bus impedance changes dynamically (e.g., a system in which stores [devices carried by an aircraft and
normally used up during a mission, like bombs or missiles] are disconnected from the bus as they are
used), since their output doesn't change as much with a varying load impedance.

b. Current-mode transmitters- Current-mode transmitters tend to have lower power consumption,
smaller packages, and lower cost.

50.3.2.2 Transmitter output loading. MIL-STD-1553A specifies the output characteristics of the terminal
with the terminal connected to a bus system. On the other hand, 1553B specifies the output characteristics

with a 70-ohm (+2%) resistive load (35 ohms for a direct-coupled stub). With the load specified in this fashion,
there is no longer any benefit (from the standpoint of meeting the requirements of the standard) in the use of
a voltage-mode transmitter. Note, however, that in a real system the impedance seen by the terminal does
vary. See section 40 for this discussion.
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50.3.2.3 Transmitter input requirements. A transmitter is generally driven from the encoder with two
differential inputs. There is no problem of incompatibility with the transmitter inputs like the receiver output
problem presented in 50.3.1.2. However, the inputs must be very closely balanced (with very little time skew
between them). Standard encoders are designed to provide this. Otherwise, the Q and QN outputs of a flip-
flop, or a similar circuit, is the recommended circuit to provide this, as opposed to use of an inverter to generate
the negative input. If this guideline is not followed, there could be residual transformer currents at the end of
transmissions or transformer saturation during transmission that cause tailoff in excess of the specified values
(see 50.3.7.1).

50.3.3 Transceivers, Receivers and transmitters are generally packaged together as transceivers. Issues
that really apply to the transceiver as a whole rather than to either part are discussed in this section.

50.3.3.1 Transceiver power consumption. Hybrid transceivers (or transmitters and receivers) consume
a fair amount of power (seethe examples in 50.3.9 and 50.3.10 for typical values). This power consumption
is of concern for two reasons. The first is the loading on the power supply and the second is that much of this
power must be removed from the transceiver as heat.

Power supply loading calculations are no different than for any other circuit design task. It is necessary to
provide a power supply for the system with sufficient capacity. Different transceiver designs consume different
amounts of power. If low power is a design goal for a system, a transceiver with lower power consumption
should be selected. Of course, the transceiver design must also be evaluated against other requirements.

The power dissipated by a transceiver causes its temperature to rise. Careful consideration must be given
to this power in order to limit the temperature of the device to an acceptable value. There is typically one or
several devices in a hybrid part that rise to a higher temperature than the rest of the hybrid. It is the temperature
of these devices that is the limiting factor in the thermal calculation.

The transmitter dissipates more power when it is transmitting. There is some quiescent value, which is the
amount of power dissipated when not transmitting. The extra power while transmitting is a linear function of
the percent of the time the transmitter is transmitting (the duty cycle). Care must be taken when evaluating
the data sheet of a transceiver because power dissipation is sometimes specified at duty cycles other than
100%. Thus, for a given physical environment (mounting method, ambient temperature, allowable part
temperature, etc.), it is usually necessary to limit the duty cycle of the transmitter to prevent it from overheating.

Sections 50.3.9 and 50.3.10 present two typical thermal calculations.

Current-mode transmitters generally dissipate less power than voltage-mode transmitters, and thus are
desirable when high transmit duty cycles are necessary or in high ambient temperatures. It is also possible
to lower the temperature of the device by reducing the thermal impedance from case to ambient by mounting
the device on a heat sink.

50.3.3.2 Transceiver size. A transceiver is typically smaller than a combination of a transmitter and a
receiver. A current-mode transceiver is typically smaller than a voltage-mode transceiver. If the size of the
terminal is the overriding concern, a current-mode transceiver is the proper choice. Voltage-mode
transceivers typically occupy an area of 1.6 in’, or 3.2 in* for the two transceivers necessary in a dual redundant
terminal. Current-mode transceivers are typically 1.1 in*per channel or 2.2 in*for a dual-channel system.
Current-mode transceivers (but not voltage-mode) are available in a package that contains two independent
transceivers with an area of about 1.5 in”,

50.3.3.3 Other transceiver considerations. Other features that are sometimes included in transceivers are:
a. Fail-safe timer- Some transceivers include the fail-safe timer (see 50.4.2) internally. This may lower the

parts count for the terminal. However, most of the available transceivers with this feature use an analog
timer, which may not be desirable.
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b.

Over-temperature shutdown- Some devices include a temperature sensor that shuts down the
transmitter if it gets too hot. This protects the part from damage, so it is desirable. However, this feature
increases the cost and may slightly decrease the device reliability. The impact of a device with this feature
on system performance should be considered and evaluated.

Output short circuit protection- Some devices are protected against short circuits applied to their
outputs. This could be used to protect parts in debugging or breadboarding activities. Note that this is
somewhat inherent in the design of a current-mode transmitter.

Input threshold adjustment- some receivers allow the input voltage thresholds to be adjusted. It may
be desirable to adjust the voltage thresholds to alter the noise performance for some special applications.
Receivers are generally supplied with the input voltage threshold adjusted for optimum performance, and
the range of acceptable threshold values is not wide. Input voltage thresholds are discussed in 50.3.7.2.

Output voltage adjustment- Some transmitters offer adjustable output voltage. This feature could be
very useful in the design of test equipment but is of limited usefulness otherwise.

There are several vendors producing transceivers that are nominally pin-compatible with one another. The
single-channel model is available in a 24-pin by 600-mil-wide package and the dual-channel model is available
in a 36-pin by 600-mil-wide package. These parts are only functionally similar, though; they are not identical.
That is, they are not interchangeable in all designs, although they are interchangeable in some designs. These
parts differ in several possible ways. For example:

a.

Power supply voltages- There are parts that use the following combinations of supply voltages.

0 +5, +15, —15
0 +5, +15

0 +5, —15

0 +5, +12, —12
0 +5, +12

0 +5, —12

0 +5 only

The three-supply parts vary in the amount of current drawn from the +15V and—15V (£12V) supplies;
some parts draw most of their current from the +15V (+12V) supply, and some draw most of their current
from the—15V (—12V) supply. In substituting parts from different vendors, the designer must ensure that
his power supplies are capable of providing the required currents and voltages.

In general, the older parts require three supplies, and the newer ones use one or two supplies. The older
parts dissipate more power for the same output and are therefore less efficient. The 12V versions are
somewhat more efficient than the 15V designs. 15V supplies are more commonly available in existing
systems and power supplies, though, and are thus probably cheaper and easier to provide. The choice
of which transceiver version to use depends on the power that is available. Higher efficiency units are
generally preferred since they allow cooler operation or require less cooling for operation at required
transmit duty cycles.

Extra features- The inclusion or exclusion of some of the extra features discussed previously also
affects interchangeability. If interchangeability of parts from different vendors is a high priority, then it is
advisable not to select parts which incorporate extra features. The inclusion or exclusion of a feature
should be considered and evaluated for its effect on system performance.

Receiver output state- Another major difference between transceivers is the state of the receiver
outputs with no voltage on the bus, as discussed in 50.3.1.2 above.
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50.3.4 Transformers. The other major analog component is the isolation transformer. There is no specific
requirement in 1553B for an isolation transformer. It is interesting, however, that 1553B figures 9 and 10 do
show an “isolation transformer” on the input of the terminal. It turns out that an isolation transformer is the most
appropriate design choice to meet the terminal characteristics specified in 1553B, especially the common-
mode rejection ratio (CMRR) requirement.

As in the case of the transceiver, transformers are usually not custom designed. There are many available
off-the-shelf that are specifically designed to work with available transceivers to meet the requirements of
1553B. MIL-T-21038/27 is a military specification sheet for appropriate transformers. Care is necessary with
this selection, however, as not all transceivers work properly with all transformers. This section concentrates
on specifications of purchased transformers and their effects on terminal performance.

50.3.4.1 Transformer turns ratio. The most important criterion for selection of an isolation transformer is
its turns ratio. Transformer-coupled and direct-coupled transmitters are designed to drive different loads and
thus have different output characteristics. A transmitter for a direct-coupled stub must drive a load of about
145 ohms with an output voltage of 25 to 37 Vp-p. (this is the load and the voltage into the fault-isolation resistors
that are actually part of the terminal). In comparison, a transmitter for a transformer-coupled stub must drive
a load of about 70 ohms with an output voltage of 18 to 27 Vpp By changing the turns ratio of the transformer,
the load impedance can be transformed so that the transmitter sees the same load for both cases. Thus, the
same transmitter design is able to meet both these requirements. This solution is easier than designing a
transmitter to drive loads of different impedance.

Proper selection of the isolation transformer turns ratio also enables transmitters with different power supply
voltages to output correct voltage levels. For example, transmitters that require only a +5V supply require a
transformer with a significant step up to achieve the appropriate output voltage levels.

50.3.4.2 Transformer input impedance. The isolation transformer affects the input impedance of the
terminal. The requirement in 1553B (4.5.2.1.2.3 and 4.5.2.2.2.3) is that the input impedance must be greater

than 1000 ohms (2000 ohms for terminals for direct-coupled stubs) for frequencies between 75 kHz and 1.0
MHz. This imposes an absolute minimum primary (i.e., bus side) inductance of approximately 2.1 mH and
an absolute maximum shunt capacitance of approximately 159 pF (4.2 mH and 80 pF, respectively, for
terminals for direct-coupled stubs). It should be noted that transformer inductance varies substantially with
temperature. The minimum values stated above apply over the full operating temperature range. In practice,
the transmitter and receiver are connected to the secondary (i.e., terminal side) of the transformer, so their
impedances appear in parallel with the transformer, thereby reducing the input impedance of the terminal. As
a result, transformer inductance and shunt capacitance must fall substantially within the absolute limits stated
above.

Isolation transformer inductance may be increased by adding more turns, but this also increases shunt
capacitance, so a tradeoff is necessary. A higher core permeability also increases inductance with the same
number of turns. These design considerations have been taken into account by vendors of 1553B
transformers, and there are many compliant transformers available.

50.3.4.3 Transformer common-mode rejection. Another 1553B requirement (specified in 4.5.2.1.2.2 and
4.5.2.2.2.2) is common-mode rejection. The standard states that a terminal must be able to operate without
error in an environment with up to +10 Vpcommon-mode input at frequencies from DC to 2 MHz. To meet
this requirement, the CMRR of the isolation transformer should be above 27 dB (see 50.3.7.2). The common-
mode requirement is the major reason that the terminal includes an input transformer. A transformer designer
attains good common-mode rejection by paying proper attention to shunt capacitance and core-to-winding
capacitance during the design phase. As with the input impedance requirements discussed above, these
design considerations have been taken into account by vendors of 1553B transformers, and there are many
compliant transformers available.
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50.3.5 Fault-isolation resistors. Terminals for direct-coupled stubs require two fault-isolation resistors
between the terminal output and the bus connection (Figures 50-4b and 50-5b). The value of these resistors
is required to be 55 ohms +2% (4.5.1.5.2.1 of 1553B). Their function is to isolate the bus from a terminal that
has shorted (i.e., a terminal that, due to some failure, is presenting an abnormally low impedance to the bus).
The fault-isolation resistors keep the load that the terminal puts on the bus greater than 110 ohms. Paragraph
4.5.1.5.2.3 of 1553B requires that a transmitter output its specified voltage when one terminal on the bus is
presenting its fault impedance of 110 ohms. In effect, this requires that the bus system continue to operate
properly (for the other terminals on the bus) when one terminal has failed in a shorted mode.

Since these fault-isolation resistors are located in the terminal, they cannot have any effect on shorts that occur
in the stub wiring to the terminal. They will protect the bus only from shorts that occur downstream of the
resistors. Because a short is more likely to happen in the wiring external to a terminal than inside the terminal,
the value of the fault-isolation resistors in a direct-coupled stub terminal is marginal. Nonetheless, 1553B
requires that they be used.

Terminals for transformer-coupled stubs do not include fault-isolation resistors. For these terminals, the fault-
isoiation resistors are included in the stub coupler, but except for their physical location, they provide exactly
the same function. See section 40 for a discussion of stub couplers and the fault-isolation resistors that they
may include.

Fault-isolation resistors should be selected for minimum series inductance and parallel capacitance. They
must also be selected for sufficient power-handling capability. It is recommended that fault-isolation resistors
be capable of dissipating the maximum power that the terminal can produce (i.e., transmitting 100% of the
time). Other than these considerations, any resistor that meets the resistance and tolerance requirements
is satisfactory.

50.3.6 Eail-safe timer, The fail-safe timer may be implemented as an analog timer or as a digital timer. It
is discussed with the digital section of the terminal (see 50.4.2).

50.3.7 Meetina 1553B analod requirements. This section discusses in more detail the sections of 1553B
that directly af%ect the analog (or front end) portion of the terminal. They are found in paragraphs 4.5.2.1,
45.2.2, and 4.6.1 of 1553B. The pertinent paragraphs are listed at the end of the title of each subsection.
When two paragraphs are listed, the first applies to terminals for transformer-coupled stubs and the second
applies to terminals for direct-coupled stubs. Also note that some of these requirements are met (at least

partially) by the digital portion of the terminal (see 50.4).

50.3.7.1 Terminal output characteristics (4.5.2.2.1) The output characteristics of terminals
for direct-coupled stubs are measured with the terminal driving a resistive load of 35 ohms +2%. Terminals
for transformer-coupled stubs are tested with a 70-ohm +2% resistive load. Note that this resistive load does
not necessarily ~match the load that the terminal sees in actual operation. See section 40 for more discussion
about the load a terminal sees in actual system operation. These values were chosen for test convenience
and consistency.

Output levels (4.5.2.1.1.1 and 4.5.2.2.1.1). The standard specifies that terminal output signals shall have
an amplitude of 18 to 27 Vp-p (6 to 9 Vp-p for direct-coupled stubs). This can be achieved by selecting a
transmitter of adequate power to drive a transformer with the proper turns ratio for the power supply used by
the transmitter.

Output waveform (4.5.2.1.1.2 and 4.5.2.2.1.2). This paragraph specifies several requirements on the
waveform output by a transmitter. Figure 50-6 shows these requirements graphically.

a. The output zero-crossing error shall be less than +25 ns from ideal. That is, the Manchester encoded
waveform shall have zero-crossing intervals of 500, 1000, 1500, or 2000 ns, all £25 ns, as appropriate.
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Figure 50.6 Terminal Output Waveform Parameter Definitions
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h. The rise and fall times of the waveform measured from the 10% to 90% points shall be between 100 and
300 ns.

c. Any distortion in the waveform including overshoot and ringing shall be less than £900 mVp(x300 mVp
for direct-coupled stubs).

To meet the first condition, an accurate clock must first be supplied to the terminal. A terminal that meets the
requirements of 4.3.3.3 of 1553B (which states that the transmission rate must be 1.0 MHz +0.1%) should have
no trouble with this. Transmitter positive and negative drivers must have exactly equal delays. Also, the
encoder’s outputs to the transmitter must both switch at exactly the same time. The combined error of these
last two effects must not exceed 25 ns to meet this requirement.

The rise and fall times are preset internally in a transmitter and typically range between 150 and 250 ns. In
present transmitters, the output is usually shaped simply by limiting the rate of change of the output. This
produces a trapezoidal waveform. To reduce power dissipation, the rise and fall times of most transmitters
are closer to 100 than 300 ns. This follows from the fact that, when the voltage is between its maximum and
minimum values (in the rising or falling portion of the output signal), the output transistors are not saturated
and, hence, are dissipating more power.

The distortion limitation of £900 mV (x300 mV for direct-coupled stubs) limits the amount of ringing or
overshoot that can appear on a transmitted signal. Meeting the distortion, overshoot, and tinging require-
ments is ensured by proper transmitter design as well as proper selection of transformer characteristics(in
particular, leakage inductance).

Output noise (4.5.2.1.1.3 and 4.5.2.2.1.3). When in a receiving mode (i.e., the transmitter is off and
nottransmitting) or with power off, a terminal may not output more than 14 mVms (line to line) of noise (5 mVrms
for direct-coupled stubs). To meet this requirement, a transmitter design that is tolerant of power supply and
logic noise must be used. Proper power supply bypassing will reduce the noise. Routing of input and output
wiring away from sources of noise is generally necessary. A transformer that has a high CMRR (from input
to output) also cuts down on the amount of quiescent noise because much of the power supply (and other)
noise coupled into the terminal appears as common-mode noise.

Output symmetry (4.5.2.1.1.4 and 4.5.2.2.1.4). The 1553B paragraph on output symmetry states that the
voltage on the bus shall be less than £250 mV for the period beginning 2.5 s after the last midbit zero-crossing
of the last bit of a message (less than +90 mV for direct-coupled stubs). The voltage present on the stub at
the end of a message shall be called "tailoff".

Figure 50-7 shows the last half-bit of three transmissions. Figure 50-7a shows the ideal case. Figure 50-7b
shows a case with no ringing that slowly decays toward zero from the positive direction. Figure 50-7¢ shows
a case with quite a bit of ringing that eventually settles down toward zero from the negative direction. All three
cases are satisfactory. The requirement is only that the voltage be below the limit at 2.5 ps and all times
thereafter.

The distortion (overshoot and ringing) specification (in 4.5.2.1.1.2 and 4.5.2.2.1.2 of 1553B) also applies to
the last transition of the transmission, limiting any ringing to 900 mV, (300 mVpfor direct-coupled stubs). Thus,
the signal would be limited to 900 mV,during the time between the end of the transmission and 2.5 ps.

The value allowed for tailoff (250 mV) was originally chosen to “protect” a terminal’s input from transmissions
of all the other terminals on the bus, but not from transmissions of the terminal itself. In the case of a
transformer-coupled stubs, only 1/4 of the voltage on the output of a terminal appears on the input stub of
another terminal (due to the coupling transformer turns ratios and the voltage-dividing effect of the fault-
isolation and bus-terminating resistors). In order to achieve the same level of protection from its own
transmissions, a terminal’s tailoff should be less than 250/4 or 62 mV. This would only be of concern in a
system if back-to-back transmissions to the same terminal (i.e., transmissions only 4 us apart) were
envisioned.
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The title (output symetry) results from the fact that this tailoff is primrily caused by lack of symetry in the
transmtter. If the positive area of the transmtter output voltage waveform does not equal the negative area
of the waveform a residual current will exist in the isolation transformer at the end of a transmssion. This
current driving into the load inpedance will cause a tailoff voltage, which decays exponentially depending on
the value of the load resistance and inductance. A primary (i.e., bus side) inductance on the isolation
transformer (or stub coupling transformer) that is too low will cause the tailoff voltage to be higher but to decay
faster.

If the transformer primary inductance is near the minimumvalue of 2.1 nH (4.2 nH for direct-coupled stubs)

calculated earlier to meet the input inmpedance requirement (see 50.3.4.2), tailoff voltages will be higher than
may be desirable. To keep the tailoff voltages to reasonable values (i.e., so that the termnal neets the output

symmetry requirement), the primary inductance should be higher, typically 7 or 8 mH A'so, note that

transformer inductances are much lower at low tenperatures; transformers must be designed for the minimum
value of inductance at the lowest tenperature they will ever see, typically, for nmlitary applications, —55°C

See also the discussion in section 40 about the effect on the bus network of low transformer primary
i nduct ance.

The transformer is the mgjor contributor to tailoff, but the transmitter and the layout of the circuit certainly
contribute also. Some transceiver designs are less sensitive to transformer properties (wth respect to tailoff)
than others. Wth off-the-shelf transmitters, the only real way to know how a given transmtter will performis
to test it. Also, locating the transforner on the circuit board farther fromthe connector increases the tailoff
di storti|on. Therefore, it is recommended that the transformer be kept as close to the edge of the card as is
practical.

Different transmtted data words produce different tailoff voltages. For example, a transmtted data word of
all zeros, in the absence of any inmbalance of any sort, produces a negative tailoff. This “default tailoff is
caused by the noninfinite load inductance and transmitter output inpedance.

Greuit inbalances add to this default tailoff to produce the actual tailoff voltage. 1553B specifies that the
mexi mum nunber of words allowable (usually 32) be transnitted. Sending the maximum nunber of words
is assumed to be the worst case, although, due to the exponentially decaying nature of tailoff voltage, only
the 10 to 12 nost recently transmtted words make significant contributions to the tailoff. The standard also
specifies that the test be done six times, with all the data words in each transmission set to 8000, 7FFF, 0000,
FFFF, 5555, and AAAA (hexadecimal). One or the other of these data word patterns shoul d be the worst case,
as determined by the experience of transmtter users. Note that different transmitter designs display their
worst tailoff with different data word patterns.

Qutput symmetry shoul d be tested over the tenperature range at which the terninal is required to operate.
Inbal ances often result from mismatch in the driver transistors, and these properties are often tenperature
dependent. Another relevant property that varies with tenperature is transformer inductance.

Current-mode transmitters use the two halves of the secondary of the isolation transfornmer (i.e., with a
grounded center tap) as part of the circuit. It is therefore inportant that these two halves of the secondary
winding be balanced as closely as possible. The two halves should be balanced not only for nunber of turns,
but also shoul d have hal anced |eakage inductances (as small as possible) and parasitic capacitances.

50.3.7.2 Terminal input characteristics (4.5.2.1.2and 4.5.2.2.2). 1553B states that the input character-
istics specifications must be measured (met) independently. Hence, it is reasonable to assume that the
termnal need only be tested for (and function properly for) one worst case condition at a tine.

Input waveform conpatibility (4.5.2.1.2.1 and 4.5.2.2.2.1). 1553B also states that a terninal nust be able
to correctly decode incoming signals that have up to £150 ns of error in any time interval between zero-
crossings. Dealing with received waveform timng errors is primrily a function of the decoder (see 50.4.1).
The role of the analog front end is to remove high-frequency distortion and to add as little error as possible
to the input waveform

Section 50 50- 18



M L- HDBK- 1553A
1 Novenber 1988

Recei vers typically contain two comparators and two outputs to the decoder. ne has a negative threshold
and thus detects negative excursions of the input (bus) signal and the other has a positive threshold and
detects positive excursions. Since the transition tine of the bus waveformis required to be at least 100 ns,
the transitions in the two receiver outputs take place at different tines than the actual zero-crossing. (ne
changes a little earlier and the other changes a little later. The time of the actual zero-crossing will be between
these two times. Ideally the zero-crossing will have happened halfway between the transitions of the two
outputs, but unbalanced conparator thresholds nodify this. Because the decoder typically assumes that the
conparator thresholds are balanced, this could introduce additional zero-crossing errors into the signal seen
by the decoder.

Figure 50-8 shows this graphically. The output of the positive conparator is RCV.QUT. RCV.QUT/ is the
output of the negative comparator. v ., IS the threshold of the positive conparator, and V,,,,is the

threshold of the negative conparator. As the Figure shows, the pulse on RCV.QUT is narrower than a positive
pulse in the 1553 bus signal and the pulse on RCV_QUT/ is wider. Correspondingly, the pulse on RCV_QUT
is wider (and on RCV_QUT/ is narrower) than a negative pulse in the 1553 bus signal.

Another potential contributor to receive zero-crossing error is unequal propagation delay through the receiver
for negative versus positive going signals. The net effect at the output would be the sane as comparator
threshold inbalance. In both cases, balance between the two halves of the receiver is necessary for best
operation,

ML-STD-1553B states that terminals for transformer-coupled stubs shall respond to input signals of 0.86 to
14 V,,and shall not respond to signals less than 0.20 V.,(1.2 to 20 V,,and less than 0.28 V,,for direct-
coupled stubs). To state this another way, the input threshold of the terminal, which is the voltage at which
it detects an input signal, nmust be less than 0.86 V,,and greater than 0.20 V,,(1.2 V,,and 0.28 V,,). To
state it still another way, the positive and negative input thresholds must each be less than 0.43 VP and greater
than 0.10 V,(0.60 V,and 0.14 V) if the positive and negative threshol ds are balanced. The analog front end
design has a large effect on whether the terminal neets these requirements.

To meet these requirements, the termnal designer nust first choose an isolation transformer with the correct
turns ratio. Thus, the receiver input sees the voltage for which it was designed. The input voltage threshold
of the receiver is normally fixed by the receiver manufacturer. Receiver thresholds are usually close to the
maxi num al | owed value of 0.86 V,,(1.2 V,,) to enhance the noise-rejection characteristics. (See 50.4.1.3

for further discussion of noise rejection.)

Vthreshold+
1553 bus input \» 0

v threshold-
RCV_OUT . —
RCV_OUT/ _— -

Figure 50-8. Receiver Waveform Decoding Process
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The decoder also plays a role in determning the effective threshold of the termnal. As input anplitude is
| owered, zero-crossing error could be introduced into the signal due to the nonzero rise and fall times of the
input signal as discussed above. As the voltage of the input signal falls toward the threshold value, the signal
i below the threshold for a greater part of each bit time. There will thus be a greater difference in the transition
tims of the receiver outputs fromthe actual zero-crossings. The decoder’s nethod of neasuring its two inputs
to deternine the actual tines of zero-crossings determnes its sensitivity to this kind of error. A decoder that
didn't handie this well could reject a word because of zero-crossing errors even though the receiver detected
it properly (i.e., it was above threshold). It is therefore necessary to evaluate the receiver and decoder together
for proper operation. Paragraph 50.4.1.2 discusses this point further.

Common-node rejection (4.5.2.1 .2.2 and 4.5.2.2.2.2). This requirement in 1553B is fairly vague. On one
hand, it is stated in4.52.1.1or 452 1.2 that the input conditions are to be inposed separately. At the sane
time, this paragraph states that acommon-mode signal shall not degrade terminal perfornance, which inplies
that there is a set of conditions under which the degradation is measured. Mbst sinply, to not degrade the
performance of the terninal the common-node rejection would have to be infinite.

The ratio of the mininuminput voltage to which the terninal may respond (intermnals for transforner-coupled
stubs) of 200 mvpp to the common-mode voltage requirement of +1Ovp (or 20 V,,) is 100:1 or 40 dB. If the
terninal threshold was just above the mnimm allowed, a common-mde rejection of less than 40 dB could
allow the terminal to see a common-node signal as a real signal, which would presumably degrade the
termnal performance. To define a neasurable requirement, some assunptions nust be made. The RT
validation test plan (5.1 .2.2 of section 100 of this handbook) perforns this test (for terminals with transforner-
coupled stubs) using an input signal of 0.86 V,,(which is the mnimminput voltage at which a response is
required) and a comon-node signal of +1QV, thus verifying that the termnal wll correctly reject comon-
mode signals that are 27 dB above the desired signal.

An ideal transformer, of course, has infinite comon-node rejection. Mst of the terminal’s comon-mode
rejection is a result of its isolation transformer. To meet this requirement, a proper transforner nust be
selected or designed. Any inpedance in the input wiring of the termnal wll cause a voltage drop. Any
i mbalance in inpedance between the two differential ines of the input will generate a differential voltage from
a comon-node voltage. It is therefore inportant to keep any stray inpedances in the input wiring as small
as possible and, more inportantly, matched for the two halves of the differential signal.

Input inpedance (4.5.2.1 .2.3 and 4.5.2.2.2.3). Terminal input inpedance is a function of the isolation
transforner, the parallel conbination of the transmitter and receiver, and the interconnect wiring.

As discussed in 50.3.2.1, a voltage-node transmitter uses an isolation transformer with a smaller turns
ratio than a current-mode transmtter (see figures 50-4 and 50-5). A current-node transmtter will use a
transformer with a turns ratio that is a factor of 1.4 greater. Typically, current- and voltage-node transmtters
do not differ in input inpedance. The input inpedances of the transmtter and receiver are transformed by
the square of the turns ratio of the isolation transforner. Therefore, the input inpedance of the transmtter
and receiver wll have twice as great an effect (i.e., half the value in parallel wth the other conponents) on
terninal input inpedance for a termnal with a current-mode transmtter. Thus, input inpedance is somewhat
higher for a termnal with a voltage-node driver than for one with a current-mde driver.

The shunt capacitance of the interconnect wiring degrades terninal input inpedance. This wiring should be
kept as short and direct as possible to nininize this. The isolation transformer and transceiver (or transmtter
and receiver) should be located on the termnal card as close to the connector as practical. The effects of
running the bus connections through a printed circuit notherboard should be eval uated. These traces nust
be designed for proper characteristic inpedance and |ow capacitance. The bus connecting wires may also
be run separately (i.e., not through the motherboard).

In measuring the input inpedance, it is very inportant either to elimnate or to account for stray inpedances
inthe test setup, particularly shunt capacitance. Note that stray inpedances in the termnal forna legitimte
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part of the input inpedance and hence cannot be ignored. Input inpedance will also vary significantly with
tenperature, so it should be measured over the range of tenperatures at which the terninal is required to
functi on.

Terminal input inpedance is inportant for proper system operation. For exanple, if the input inpedance of
a transforner-coupled termnal is 500 ohns (rather than the 1000 ohms required), the bus voltage could drop
by as mich as 30 % Also, input inpedances are typically conplex. Thus, their magnitudes vary with
frequency and hence cause distortion of the bus waveformwhich leads to zero-crossing errors and anplitude
degradation. It is desirable to keep termnal input inpedance as high as possible to minimze these effects.

Noise rejection (4.5.2.1 .2.4 and 4.5.2.2.2.4). Termnal noise rejection is tested with a stub signal input
voltage of 2.1 VP-P (3.0 VP-P for direct-coupled stubs) with added white Gaussian noise of 140 mrms (200
m/Rrs. The noise is to be distributed over a bandwidth of 1 kHz to 4 Miz. Under these conditions, the word
error rate must be less than 1 in 10,000,000. That is, the termnal nay incorrectly decode no more than 1 word
in 10,000,000 words sent to it. Anincorrectly decoded word is indicated by a no-response of the RT or a status
word in which the message error bit is set.

Table Il in 15538 states how many words nust be sent to the terminal without error, or with a stated number
of errors, to have a high confidence level (statistically) that the word error rate is less than 1 in 10,000, 000.
The test can still pass even though there are a few word errors (up to 40). The test passes if, for the number
of errors that have occurred, the total number of words sent to the terminal is greater than stated in the “Accept’
colum of table I1. The test fails if, for the nunber of errors that have occurred, the total number of words sent
to the termnal is less than stated in the "Reject” colum of table II. The test takes a fair amount of time to run
because a mininum of 44,000,000 words (and possibly up to 330,000,000) nust be sent to the terminal. For
44,000,000 words, it takes an absolute mninum of 15 ninutes and 12 seconds to send (32-word messages;
mni mim intermessage gap and response tines of 4 us).

The spectrum of the noise source used is very inportant. The spectrum should be as flat as possible. That
is, there should be the same power level at all frequencies of interest. Though this isn't stated specifically in
1553B, the statement “white Gaussian noise distributed over a bandwidth of 1.0 kHz to 4.0 Miz" does inply
this because, by definition, Gaussian noise has a constant noise power per unit bandwidth. Due to the filtering
at the front of the termnal, the very low and very high frequencies are rejected. The frequencies between about
75 kHz and 1 MHz are passed very well. The RVS vol tage measurement effectively averages the voltages
at all frequencies. If there is relatively more noise power in the mddle of the range (i.e., 75 kHz to 1 M),
the termnal is being subjected to a more stringent test than planned. Likewise, if the power concentration in
the noise spectrumis not in the mddlie region, the testis too easy. The noise spectrum given was chosen
after analysis of typical systens and the types of coupled interference that were actually encountered (the
most common being random and periodic inpul sive type noise).

There are several noise testers available today to performthis test. Some are conplete, requiring only that
the terninal under test be plugged into the tester. Some are only noise sources that depend on another unit
to send messages, count errors, and calculate the results based on Table 1 of 1553B.

50.3.7.3 power on/off noise (ML-STD-1553B Notice 2 paragraph 30.10.6). A terminal nay not emt more
than £250 mV, (90 mv,for direct-coupled stubs) of spurious output while power is being applied to or removed
fromthe termnal. Transmtters should be designed not to emt spurious noise, although the specification
sheets for most of them do not address this issue. Transmitters should be evaluated for spurious noise
emssion as part of the design process. In any case, if a transnitter emts noise during power-up or power-
down, and Notice 2 is a requirenent on the termnal design, a different transmtter must be selected.

The designer nust al so ensure that the encoder remains quiescent (i.e., doesn't output anything to be
transmtted) on power-up and power-down. This can be acconmplished by hol ding the encoder reset until
power supply voltages are stable (on power-up) and reapplying the reset before power supply voltages reach
a point where logic could be corrupted (on power-down or during a power glitch). No matter how good the
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The designer nust al so ensure that the encoder remains quiescent (i.e., doesn't output anything to be
transmtted) on power-up and power-down. This can be acconmplished by hol ding the encoder reset until
power supply voltages are stable (on power-up) and reapplying the reset before power supply voltages reach
a point where logic could be corrupted (on power-down or during a power glitch). No matter how good the
transmtter designis, if the encoder output (which is the transmtter input) is noisy during power-up and power-
down, the transmtter could well transmit this noise. A soft-starting controlled-rise-tine power supply may also
help ensure that no spurious noise occurs when the power is turned on.

50.3.7.4 |solation between buses (4.6.1.) the active and quiet buses for a redundant

termnal is specified to be 45 dB. That is, the output on the channel's not being driven must be at least 45 dB
less than on the desired channel. There are several design properties that affect this. Transmitters should
have good power supply rejection ratios. Because transmtters are devices with fairly high currents, some of
the signal is bound to appear on the power leads during the transmssion due to variations in supply currents,
though the addition of proper local bypass capacitors to the supplies mnimzes this. This signal could then
couple into the transnitter on the other channels on its power supply pins and may cause it to output a signal.
Transceiver manufacturers generally specify a method of power supply bypassing for their part. In mny
cases, the part will not even function if not bypassed correctly due to the amount of current needed to drive
the bus.

Signal's can also couple to the other channel's through ground current return paths. Inadvertent signals can
couple not only into the transmtter itself, but also, for current-mode transmtters, into the grounded center tap
of the isolation transformer. Good grounding practices shoul d be followed. Avoid ground I oops and meke all
ground connections short and of low inpedance. Separate the analog and digital grounds. These should be
tied together only at the power supply. This also lessens the coupling of digital noise into the transmitted signal
or having digital noise corrupt a received signal. Keep each power supply line close to its return and as short
as practical. Note that transmtters (and transceivers) usually have more than one analog ground per channel.
These nust be individually connected to the analog ground of the LRU.

The physical layout of the printed wiring assembly deserves some attention. It is desirable that trace |engths
to both received data inputs and transnitted data outputs of the transceiver be of simlar length and as short
as possible. This tends to elinnate any skew being introduced to the data by uneven loading. It is usually
desirable that transceivers be located near the edge of the board to provide a lower thermal resistance from
the part to the cooling source. This also helps to keep the power and ground |ines as short as possible.

50.3.8 Anal oq specification conflicts, 1553B specifies certain worst case conditions for which a termnal
must function properTy. Aquestion tThal may arise is how many of these worst case conditions must be net
at the same tine? In 1553B it is clear (4.5.2.1.2 and 4.5.2.2.2) that each input requirenent need only be net
by itself. That is, when testing a termnal for zero-crossing errors on its input, for exanple, the signal voltage

should not be set to its mininumvalue of 0.86Vp-p.

Validation test plans for RTs and BCS (see sections 100 and 110) have been written. The writers of these plans
have resolved these conflicts and have chosen particular nethods of testing each requirement. Al though no
test can test everything in 1553B, these plans are quite complete. If the appropriate validation test plan is
called out as a requirement for a given termnal design, it is generally accepted that a terninal neets the
requirenents of 1553B if it passes the validation test.

50.3.8.1 Inout  zero-crossing test. An example of the nonapplicability of two worst case conditions at once
I's the [owanplitude and |np;uf zero-crossing error tests. Wen the input signal anplitude is just above
threshold, it follows that the signal is below threshold during the rise and fall tine intervals. The signal,
renember, is changing fromjust above the positive threshold to just below the negative threshold. The signal
is in the region below threshold for alnost the entire 100-to 300-ns rise and fall time. Stated another way,
the signal zero-crossing is uncertain during this 100-to 300-ns interval when both receiver outputs are off. A
good decoder design should conpensate for this to some extent (see 50.4.1.3), but the inevitable difference
between the positive and negative thresholds definitely adds skew or zero-crossing error to the signal. It can
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thus be seen that |ow anplitude initself adds zero-crossing distortion to the signal and, therefore, that adding
150 ns more results in an overly rigorous test.

50.3.8.2 Gap test. 1553B is much |ess clear when input and output characteristics get mixed into the same
requirement. An exanple of this are the gap and tailoff tests. [Intermessage gap (4.3.3.7) is an input
requirenent. The standard requires that a terninal nust be able to respond to a message that is sent 4 us
after the previous message. Tailoff (4.5.2.1 .1.4 ord.5.2.2.1.4) is an output characteristic. 1553B requires that,
at the end of a transnission, the voltage on the bus be less than +250 mV (90 nV for direct-coupled stubs)
during the period beginning 2.5 us after the transmssion. The tailoff requirenent was designed to prevent
the end of a transmission frominterfering with the reception of the next nessage sent with the minimum
intermessage gap. Wth signals just above threshold and to the same terminal, this goal is not net.

The gap test is typically done by sending two messages in close succession with a 4-us gap time. Figure
50-9 shows an exanple of a gap between two words on the input/output of a termnal for a transforner-coupled
stub. The last half-bit of a transmssion by the termnal is shown followed in 4 ps by the start of a command
word fromanother terminal. The terminal transmission has a tailoff voltage of 0.25V, the maximm al | owed
by 1553B. The second nessage has an anplitude of 0.86 V,,the mininumallowed by 1553B. The recei ver
sees the first half-hit of the command word as a voltage level of 0.18V (0.86/2 —0.25). The receiver would
have to have a threshold voltage of 0.36 V,,to detect this half-bit properly. 1553B certainly does not require
this; the requirenent is 0.86 V, Typical receiver thresholds are about 0.7Vp-p A'so, 1553B requires rejection
of all signals less than 0.2 Vp-p If the receiver were to accept 0.36 V,,signals, the actual threshold would have
to fall within a range of 0.16 V,,or 0.08V of tolerance for the positive and negative conparators. This woul d
make manufacturing a definite challenge.

To deternine the anplitude of the second message so the gap test can pass, assume 0.86 V,,(0.43V both
positive and negative) for the receiver threshold. Add to these thresholds 0.25 V,of offset (tailoff). This gives
a mnimmrequired voltage of 1.36 V,,for the second message.

Last half bit ~— 2 s intermessage bus dead time | Beginning of next message
of transmission :
!
1
0.18V level seen by ‘
receiver comparator
0 volts D SN D WA G NN EED ENE SR SN SN SN B GESS M IR BN N e LU K
e 25us ™1/ | 025V ailott | 0.43v
due to half of
| transmitter .86V)
asymmetry

(> 4 us intermessage gap

Figure 50-9. Mninum Intermessage Gap
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Note that this problem arises because the first message of the pair was assumed to retransmtted by the same
termnal as the input being looked at. Tailoff voltages fromoutputs of other transforner-coupled termnals are
attenuated to 1/4 of their value by the bus network (see 50.3.7.1). If 62 nV were used instead of 250 mV in
the above calculation, there would be no problem

50.3.9 Anal og exanple 1. Figure 50-10 shows an exanple termnal analog front end. For this exanple, a
current-mode transceiver has been chosen. It has been designed to interface with a transformer-coupled
stub. Please note that this is only an exanple; there is no reason that this termnal could not have been
designed to interface with a direct-coupled stub. The only difference would have been the inclusion of the fault-
isolation resistors and a different turns ratio in the isolation transforner. Note also that examples of conplete
termnals are presented later (see 50.5.8 and 50.8.6).

The transceiver has a current-mode transmitter and a receiver with a preset threshold. It includes none of the
extra functions mentioned in 50.3.3.3 (e.g., over-tenperature protection or an internal watchdog tiner). Its
interfaces with the rest of the terminal are TTL voltage levels. This type of transceiver is an industry standard
several vendors provide pin-conpatible transceivers that could be used in this circuit.

Vhile all of these transceivers are designed to meet 1553B, they are not identical. They have different thermal
characteristics, encoder/decoder conpatibility, and power supply requirenments. (See 50.3.3 for a nore
conplete discussion of these differences.) Wth respect to power supply voltages, note that transceivers with
different power supply requirements might still be pin conpatible. An example of this is that a transceiver that
requires only +5V functions properly in a board designed for a transceiver that requires two or three power
supplies. The pins on the board that are connected to + 15V or 45V are not connected internally in the single-
supply transceiver. The designer woul d have to allow for the added +5V power supply |oading, though. The
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- RCV_OUT/
Terminal
RCV_IN -—-]
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Figure 50-10. Exanple Terminal Front End Design Using a Current-Mode Transceiver
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isolation transforner would also have to be changed, because a transceiver that requires only +5V typically
requires an isolation transformer with a different turns ratio.

The transformer is also available commercially. Like the transceiver, it is an industry standard part.
Transforners differ in turns ratio (for different transceivers) and can also differ in electrical performnce. (See
50.3.4 for a more conplete discussion.) Since this is a termnal for transforner-coupled stubs, there are no
fault-isolation resistors. Remenber that these are included with the stub coupler to the 1553 bus in this case.

The parameter values, signal names, and operational descriptions used in this discussion represent a typical
design and therefore do not necessarily match any particular conbination of parts. The designer should
renember that the values for the parts he is using are [ikely to differ.

The following two sections discuss transmtter and receiver operation. Wen the transnitter is operating, the
receiver is assumed to be quiescent and vice versa, which is typically (but not necessarily) true.

50.3.9.1 Transmitting. To initiate a transmssion, the encoder first removes XMT INHBIT. This input allows
the fail-safe timer to turn the transmtter off and thus linit the length of the transmission. The encoder then
sends the data to be transmtted on XMT_IN and XMT_IN. To output a positive pulse, the encoder sets
XMT_IN high and XMT_IN low and vice versa for a negative pulse. The transmitter output is inhibited (i.e.,

0V) when these two inputs are in the sane state. Either both inputs high or both low shutoff the transm ssion,
but both high is recommended since TTL signals have nore noise margin when high.

The output voltage of the transmtter is about 20 VP-Pinto a 70-ohmload. The rise and fall tines, neasured
from 10%to 90% of the full-scale waveform are about 150 ns. The transformer, designed for 1553B, has a
primary (i.e., bus side) inductance of 5 nH and a shunt capacitance of 49 pF.

It is inportant that the transnitter drive the output high exactly the same amount of time and to the same
anplitude as it drives it low The terninal designer using this standard transceiver can do little about the
asymmetry introduced by the transmtter itself, but the inputs (fromthe encoder) should be as symmetrical as
possible. Tailoff results fromenergy remaining in the isolation transforner's core (inductance) at the end of
a transmssion. Remenber that every bit (data or sync) in Mnchester format is high for half the bit time and
low for the other half. Each half-bit that is high stores energy in the core in one direction (of magnetic flux),
and each half-bit that is low stores energy in the core the opposite direction. Therefore, if the high and Iow
times are not symetrical, or if the anplitudes are different, there will be some nonzero energy left at the end
of the transmssion, and tailoff will result.

50.3.9.2 Receiving, Wen RCV_ENABLE is true, the receiver looks at the stub voltages. All waveforns on
the stub with high enough voltage and proper frequency (so they are not rejected by the receiver’s threshold
logic and input filter) are converted into TL level signals on RCV_QUT and RCV_QUT/. Note that
RCV_ENABLE is connected in the exanple circuit to XMT_INHBIT. This connection always disables the
receiver when the transmtter is enabled to transmt and vice versa.

When the receiver detects no signal on its input, it sets both RCV_QUT and RCV_QUT/ high. Note that sone
pin-conpatible parts set both of those signals lowin the absence of an input signal. It is inportant to choose
a receiver with receive data outputs that have a quiescent state that mtches the requirenents of the decoder
used.

The input voltage threshold of the receiver is about 0.7 V., The receiver contains two conparators, one with
its threshold set to +0.35V and the other to 4.35V. Input signals are first filtered, cutting out frequency
conponents above about 1.5 M. The value 1.5 Mz was chosen because the frequency spectrum of an
ensenble of 1553B messages is primarily concentrated at 1.5 M and below if the cutoff were any Iower,
substantial signal energy would be removed. Thus, any signal whose frequency is L Mz or below and whose
positive and negative anplitudes are greater than 0.35V will be detected. Note that, due to zero-crossing
errors introduced by the rise and fall times of the input signal, the decoder will not necessarily decode a signal

50- 25 Section 50



M L- HDBK- 1553A
1 Novenber 1988

correctly even though the receiver detects it. See 50.3.7.2 for more discussion. An exanple of a waveform
decoding process is shown in figure 50-8.

The input inpedance of the termnal is calculated as follows (all calculations are based on line-to-line
measur ements)

a. The output inpedance of the transmitter in the inhibited state is 16K ohms capacitive or about 10 pF
(assuming 1 MHz). The input inpedance of the receiver is 16K ohms and is mainly resistive. The
transceiver inpedance is the parallel conbination of these.

At 75 kHz, the transceiver inpedance is 16000 —j1200 ohms, where | indicates the reactive part (4 is
inductive; - is capacitive).

At 1 Mz, the transceiver inpedance is 7900 —j8000 ohns.

=

. The turns ratio of the isolation transformer is 2.1, so the transceiver inpedance appears at the termnal
input reduced by a factor of 4 (inpedance transforms as the square of the turns ratio).

The transformer inpedance can be calculated fromthe primary (i.e., bus side) inductance of 5 mH and
the shunt capacitance of 49pF.

(o)

At 75 kHz, the transformer inpedance is j2500 ohns.
At 1 Mz, the transformer inpedance is —3600 ohns.

d. The wiring between the transformer and the terminal output and between the transceiver and the
transformer will add some capacitance (the second of these is effectively miltiplied by 4 by the isolation
transforner). This value can vary greatly. Using a PC card typical value of 0.5 to 1.0 pFlin, a value of
10 pF is assumed. This gives an inpedance of —I 6000 ohms at 1 Mz and —-21 0000 ohms at 75 kHz.

e. Taken in parallel, these inpedances yield a net input inpedance as follows:
At 75 kHz, the input inpedance is 1100 + 1800 ohns, or a magnitude of 2200 ohns.
At 1 Mz, the input inpedance is 600 —j1400 ohns, or a magnitude of 1500 ohns.

This meets the input inpedance requirement (4.5.2.1.2.3 of 15536) of 1000 ohns mininum (for a terninal
with transforner-coupled stub).

50.3.9.3 Power and thermal consideration, The current-node transmitter in this exanple uses only +15V
as the source for the output driver. In other words, as transmt duty cycle changes, only the +15V supply
current changes. The transmit duty cycle is defined as the percent of total time that the transmtter is
transmtting.

As discussed in 50.3.3.1, there are two inportant issues relating to power consunption: power supply Ioading
and maxi mum al lowable transnit duty cycle for the given thermal conditions. To calculate either quantity,
consul't vendor specifications.

The power and thermal specifications for the transceiver in this exanple are shown in table 504.
The power consunption can be calculated at different transmit duty cycles by multiplying the supply voltages

and their respective currents. The total power consumptions are given in table 50-11. Some of this power (most
of it, actually) is dissipated internally, and some of it is dissipated by the load. Assuming an output voltage
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Table 50-1. Transceiver Power and Thermal Specifications, Analog Example 1.

+5V +15V -15V

Typ Max Typ Max Typ Max

0% duty cycle (mA) 25 40 25 30 25 30
25% duty cycle (mA) 25 40 65 75 25 30

ANNOS Aibis musala fen AN nc AN LR-1 n4n ne an
UV /0 UUly LyUIT (1T1I/A) (4%} Syv 10U v oy v

Thermal impedance, hottest device to case: 65°C/W

Thermal impedance, case to air: 30°C/W

Power dissipated by hottest device at 100% duty cycle

(decreases linearly to 0 mW at 0% duty cycle): 400 mW (typ)
550 mW (max)

Table 50-11. Total Power and Consunption, Analog Exanple L

Total Di ssi pat ed
power By load Internally
0% duty cycle (my 875 0 875

25% duty cycle (MW 1475 250 1225
100% duty cycle (my 3275 1000 2275

Note: Values in this table are rounded to 25 mi

of 20 V,,, a load inpedance of 78 ohms resistive (typical for the 15538 bus —the reactive part of the Ioad
i npedance varies fromone bus to another and is very difficult to calculate; for sinply in this exanple, a resistive
load is assuned), and arise and fall time of 150 ns (and thus an RVS voltage of 0.85 times the peak voltage),
the power dissipated in the load is as given in table 5041 The power dissipated internally to the transceiver

is thus the difference between the power drawn fromthe power supplies and the power output into the Ioad
(see table 5041).

To deternine the maxi muimallowabl e transmt duty cycle, the designer must know the maxinmum allowabl e
junction tenperature and the maxi mum anbi ent tenperature under which the unit is expected to operate.
These are given by the system specification. For this exanple, we assume a maximum operating tenperature
of 45°C and a maximum al [ owabl e junction tenperature of 105°C. The calculation looks Iike this:

T=P8DC+T, (1)
where

T, = Junction tenperature

Prax = Pover in hottest device at 100% duty cycle

e,. - Thermal inpedance-hottest device to case

DC = Transmt duty cycle
T.= Case tenperature

T.=(P,+P,,DC-P_DCP, +T, (2)

xmit
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where:

T .= Case tenperature

P, = Quiescent (O duty cycle) total power

Byt = Extra power drawn when transmtting at 100%duty cycle
DC = Transmt duty cycle

P, ... = Power dissipated in load at 100% duty cycle

0. = Thermal inpedance _case to anbient

T, = Anbient tenperature

Inserting the val ues:

P, =0.875W
Pii = 2.400 W
6. =30 "‘clw
T, = 45c

a

into equation 2 gives:

T.= (0.875 + 2.400DC - 1.000DC)30 + 45
=71. 25 + 420C

Inserting into equation 1 the values:

T =105°C
P, =04W
0, =65°CW
gives:

105 = (0.4) (65DC + T, = 26DC + 71.25 + 42DC
so DC = 0.50 and T.= 92°C.

Thus, the maximum transmt duty cycle at which our exanple transceiver is allowed to operate is 50% If
operated at a higher duty cycle, the junction tenperature of the hottest device in the transceiver will exceed
105°C, the maxinum we assumed was pernmitted. [f a higher transmt duty cycle is necessary, a heat sink could
be provided for the transceiver to reduce®, (the thermal inpedance fromcase to anbient).

Figure 50-11 is a graph of the equations presented above. It shows the relationship between duty cycle and
transceiver power and T—T. Note that when case tenperature is 92°C and duty cycle is 50% the junction
tenperature is 105°C.

50.3.10 Anal og exanple 2. Figure 50-12 shows another exanple ternminal analog front end. For this
exanple, a vo tage-rroée transceiver has been chosen. It has been designed to interface with a direct-
coupled stub. Please note that this is only an exanple; there is no reason that this termnal could not have

been designed to interface with a transformer-coupled stub. The only difference would have been the deletion
of the fault-isolation resistors and a different turns ratio in the isolation transfornmer.

The transceiver has a voltage-mode transmtter and a receiver with a preset threshold. It includes none of
the extra functions mentioned in 50.3.3.3 (e.g., over-tenperature protection or an internal watchdog tiner).
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This type of transceivers less comon than the current-node type included in analog exanple 1 (see 50.3.9),
but several vendors do provide pin-conpatible transceivers that could be used in this circuit.

50.3.10.1 Transnitting. The encoder initiates a transmssion in the same manner as in the previous
exanple. There are, however, differences in the output characteristics. The voltage output onto the bus

(which is the same as the stub because it is direct coupled) is nominally 7V The rise and fall tines of this
waveform are typically 220 ns. As in the previous exanple, it is inportant to ensure that the data inputs to
the transmtter are balanced in tine (positive to negative) to minimze the output offset.

50.3.10.2 Receiving, The receiver in this exanple functions in a nanner simlar to the receiver in the previous
example. Due to the fact that it is direct coupled, though, the nominal receiver threshold is typically
1.0 V., This particular transceiver has an option to select the receiver input voltage threshold but, as
inplenented in this example, the threshold is set to the default value.

The input inpedance is calculated in the same manner as in the previous exanple. The transformer and
transceiver present the same inpedances. In this case, however, the transformer has a turns ratio of 1:1
instead of 2:1, so the transceiver impedance will not be reduced by a factor of 4, and the fault-isolation resistors
of 110 ohms add directly to the input inpedance.

The input inpedance at 75 kHz is thus 500 + j2500 ohms for a magnitude of 2500 ohms. Input inpedance

at 1 Mz is 50042400 ohms for a magnitude of 2400 ohms. Both these values neet the required 2000 ohrs
m ni mum

Tabl e 50-111. Transceiver Power and Thermal Specifications, Analog Exanple 2

+5V +15V -15V
Typ Max Typ Max Typ Max
0% duty cycle (mA) 30 45 40 60 40 60
25% duty cycle (mA) 30 45 70 90 70 90

100% duty cycle (mA) | 30 45 | 160 | 180 | 160 | 180

Thermal inpedance, hottest device to case: 909%C/ W

Thermal inpedance, case to air: 209%C/ W

Pover i ssifated by hottest device at 100% duty cycle

(decreases [inearly to O Mvat 0% duty cycle): 400 mA (typ)
550 v (max)

Table 50-1V. Total Power Consunption, Analog Exanple 2

Total Di ss| pat ed
Power | By Toad | Internally
0% duty cycle (my | 1350 0 | 1350

25% duty cycle (my | 2250 240 | 2000
100% duty cycle (mA | 4950 950 | 4000

Note : Values are rounded to 50 mV
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Figure 50-12. Exanple Termnal Front End Design Using a Voltage-Mde Transceiver

50.3.10.3 Power and thermal considerations, The voltage-node transmitter in this exanple uses both
high-level (£15V) power supplies as the source for the driver. The power consumption is significantly greater
than that for a current-node transmitter.

The power and thermal specifications for the transceiver in this exanple are shown in table 50411,
The power consunption at different transnit duty cycles, and the portions that are dissipated internally and
by the load, are calculated sinlarly to the previous exanple. In this case, we assume an output voltage of

30 V,, a load inpedance of 145 ohns resistive (typical for the 1553B bus including fault-isolation resistors),
and rise and fall times of 220 ns (and thus an RVS voltage of 0.78 * V), the power dissipated in the |oad

IS as given in table 50-1V.
The maxi num al | owabl e transmt duty cycle is calculated in the same fashion as in the first exanple. Assumng

the sane constraints (T,= 45°C, T = 105%C), the maxinumallowed duty cycle is 37% For operation at higher
duty cycles, an increased cooling effort would be required (e.g., heat sinks, forced air, etc.).

50.4 DG TAL SECTI ON

50.4.1 Encoder/decoder The functions of an encoder/decoder are as follows (see figure 50-13):
Decode (receive).

a. Detect and decode the sync waveform to identify the word type (command/status or data).
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b. Detect and decode each data hit, verifying that each is a valid Mnchester-coded bit.
¢. Verify that all words have the correct nunber of bits (i.e., sync plus 16 data bits plus parity).

d. Decode the parity bit and verify that parity is odd. This could possibly be done in the protocol control unit
block (see figure 50-1 and paragraphs 50.5 and 50.6) but is typically done in the decoder.

e. Decode the termnal address field of a command word (i.e., the first five data bits). Conpare it to the
termnal address that has been defined for the terminal. Also compare it to 11111, the broadcast address.
Further discussion of the terninal address is presented in the RT requirements section (50.5.1), even
though this function is typically perforned by the decoder part rather than the protocol control unit.

NOTE: ABC nust decode the terninal address field of returned status words to verify that the proper RT
responded, but this function is not typically performed in the decoder.

For RT-to-RT messages, it is desirable that the receiving RT decode the terninal address in the
transnitting RT's command word and status word to validate the message. This also is typically not
performed in the decoder.

The decoder outputs each word to the protocol control unit as it is received, along with information indicating

that the word is valid, the type of sync (command, status, or data), and perhaps other infornation about the
message, such as whether this word is a broadcast command word or a nmode conmand word.

Encode (transmit).
a. Form the proper sync waveform for the word to be transmitted.

h. Encode each data hit into valid Mnchester code.

Serial Manchester > Paralle! digital

input output
Decoder : >

Terminal address
(5 bits) >

Parallel digital
input
Serial Manchester
Encoder
- output

To Start of

fail-safe transmission

timer

Figure 50-13. Encoder/Decoder Functions
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C. Generate the proper (odd) parity bit and add it to the end of the word.
d. Send the word serially at the correct rate (1-Miz bit rate) to the transmtter.

The encoder is commanded by the protocol control unit to output each word in turn. The protocol control unit
mst indicate the type of sync with which to start the word (comand, status, or data) and when to send it
(immediately, or perhaps after the conpletion of sending the previous word).

The encoder/decoder function of the mjority of terminals being designed today is normally performed by an
of f-the-shelf integrated circuit (IC) part. The decoding function is one of the nost critical in the design of the
terminal, and the requirements do not vary a great deal fromone terninal to the next, making this a logical
place for a standard part. The design of discrete encoder/decoders is not discussed in much detail in this
section.  Mich of the information about the internal workings of these parts is proprietary to their
manuf acturers. Some of the general considerations in their design are discussed next.

50.4.1.1 Cdock rate. The signal fromthe 1553B bus is asynchronous with any clock in the terminal because
a Manchester code is, by its nature, self-clocking. That is, all Manchester-encoded bits have a zero-crossing
inthe mddle and it is to this zero-crossing time that the data is referenced. The clock signal that the terminal
uses to decode the signal deternines the resolution with which the inconing signal can be examned. If all
1553B signals had perfect tining, a sanpling frequency of 2 Miz, which would guarantee one sample every
half-bit tine, would be adequate. However, 1553B requires that terminals operate properly for signals with
zero-crossings displaced by up to 150 ns fromtheir proper places. Different manufacturers use different
sanpling frequencies; 12 Mz and 16 Miz are the nost conmon.

50.4.1.2 Zero-crossing susceptibility. The input to the decoder fromthe receiver is two signals, RCV QUT
and RCV_QUT/, that are nonminally conplenents of each other. Actually, however, RCV.QUT is true when
the bus S|gnal i's above the positive threshol d, and RCV.QUT/ is true when the si gnal is bel ow the negative
threshol d. As discussed in 50.3.7.2 and shown in figure 50-8, the transitions in ROV_QUT and ROV QUT/
will occur alittle before and after, respectively, the actual zero-crossing of the signal on the bus. To
synchroni ze properly with the midbit zero-crossing of the sync field, the decoder must deternine when this
zero-crossing occurred from RCV_QUT and RCV_QUT/. The decoder usually attenpts to choose a tinme
hal fway between the transitions of its inputs. Its mechanism of doing this is usually proprietary. There are
decoders that use only one of the two receiver signals. Such a decoder will be quite susceptible to zero-
crossing distortion on its input (i.e., a bus signal that has its zero-crossings displaced from their ideal
positions). Among those decoders that do use hoth receiver signals, sone are more successful than others
at detecting the actual times of zero-crossings. About all that can be said here is that every terminal design
mist be evaluated as a whole and not as a receiver and decoder separately.

50.4.1.3 Noise. The effect of noise on the bus signal was discussed froman analog standpoint in 50.3.7.2.
In short, good performance of the ternminal in the presence of noise on the bus depends on input filtering and
the proper setting of the input voltage thresholds. The decoder nust be designed to function correctly in the
presence of noise that gets through the analog section. Noise spikes that are not filtered out may appear as
more than one zero-crossing in a hit time. The decoder should sanple and process the signal in such a way
as to tolerate perturbations of this sort without being so tolerant as to accept noise as valid data. Note that
there can be certain noise perturbations that are not properly handled, but, for noise such as described in the
1553B noi se test (4.5.2.1.2.4 and 4.5.2.2.2.4 of 1553B), there shall be no nore than one word error in 107
words. This condition alone is responsible for nost of the difficulty in decoder (and receiver) design.

Tests and analyses have determined that, to the probability of one in 10°, random noise on the bus (with the
characteristics defined for the noise test) can look like a sync waveformand two data bits. A properly designed
decoder, therefore, does not indicate the presence of a word on the bus until it detects at |east a sync waveform
and two or three valid data hits
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The discussion of the 15538 noise test in 50.3.7.2 covered most of the considerations involved in running the
test successfully. Mich of this discussion covered the setup of the actual noise source and the insertion of
the noise into the input of the termnal in the proper manner. O all the portions of a terminal, the design of
the receiver has the nost inportant effect on the noise test results. The decoder is not uninportant, however.
The choice of the part used for the decoder certainly affects the noise performance. Since off-the-shelf parts
are nornal Iy used for both the receiver and the decoder, the only real way to know how a terminal perforns
IS to test it.

50.4.1.4 Wrd errors.. Aword in 1553B is delimted by the sync waveformat its beginning. The nidbit zero-
crossing of the sync waveform is the t timng reference for decoding the entire word. After synchronizing its
operation with this mdbit zero-crossing, the decoder knows when each of the other bits is supposed to occur.
Several word error conditions may be defined:

a. Minchester error—+f, at anytime, the decoder detects a bit in which both halves are at the same state
(i.e., withnondbit zero-crossing), thisis a Mnchester error.

b. Bit count error—f the word ends (i.e., either another sync waveformis seen or there is no signal) and
there have been nore or fewer than 20 bit tines (i.e., sync, 16 data bits, and 1 parity bit), this is a bit count
error,

C. Parity error-+f, after the 17 data bits are received (i.e., the 16 data bits and the parity bit), the parity is
ot odd (i.e., the total nunber of ones in the 17 bits is not odd), this is a parity error

The decoder may or may not informthe protocol control unit of the presence of an error. A conmand word
with an error maybe conpletely ignored. The protocol control unit does need to know about an invalid data
word, but this is commonly done by not indicating that it is valid.

50.4.1.5 Termnal address, Every terminal that is acting as an RT has a unique termnal address that can
range from 00000 (binary) to 11110 (binary). Note that a unique termnal address of 11111 (binary) is not
allowed because this address is reserved for broadcast commands. The terminal address is uniquely an RT
function, so discussion is deferred until the RT section (50.5.1), even though the termnal address decoding
function is usually done in the encoder/decoder.

50.4.2 Fail-safe timer. ML-STD-1553B requires (4.4.1.3) that every RT or BC contain a hardware tiner to
prevent any transmission on the bus from exceeding 800 s. Because no valid transmssion is |onger than
660 s, only afailure inthe termnal could result in a transmssion of 800 ps or longer. The fail-safe tiner is
required to prevent such a failure fromcausing a continuous transmssion on the bus and thus rendering it (the
bus) unusabl e for other transm ssions.

Typically, the fail-safe timer output is connected to the XMT INHBIT input of the transmtter. The encoder
or protocol control unit would start the timer at the beginning of every transmssion by the termnal, setting the
timer output false (i.e., the transmtter is allowed to transmt). When the timer times out, XMT_INHBIT is set
true, turning off the transmtter. Note that, in a nonfailed terninal, the transmssion wll always have been
conpleted prior to the timer tining out, so this tineout will have no effect.

The difference between the maximumtransmission time that nust be allowed (660 ps) and the required fail-
safe timeout (800 ps) was made wide enough that analog timer circuits mght be used to inplement this
function. For a tenperature range of -55°Ct0+125°C, however, the allowed timeout range of 660 to 800
Us may not be wide enough for a proper worst case design without using an expensive circuit with a
conparator, a precision capacitor, and perhaps a voltage reference. Also, common one-shot tiner circuits
are notorious for not functioning as their specifications would indicate.

Adigital inplementation of the fail-safe timer is also possible. Al termnals include a clock for their other
functions, and a few stages of clock division will give a clock of an appropriate frequency. A frequency on the
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order of 16 kHz (which is a period of 62.5 ps) has sufficient resolution to produce a tineout time in the required
range with a 4-bit counter

The digital inplenentation has a few mnor disadvantages. It probably requires more parts, but with nodern
programble or custom circuit logic design, this is not too significant. There is the possibility in any clocked
circuit that the clock could stop and thus preclude the operation of the circuit. Unless the fail-safe timer clock
is the only clock that fails, the rest of the termnal would also be nonoperational, and it would be unlikely that
it would continue to transmit anything. Also, the reliability y of the digital counter circuit would probably be better
than a one-shot tiner

In a dual -redundant design, it is possible to use one fail-safe timer for both channels, since only one channe
is allowed to be active (i.e., transmtting) at a time. Many termnals are in fact designed in this manner. Wth
only one fail-safe timer, it could fail and shut down both redundant channels. For this reason, it is
recommended that there be a separate fail-safe tiner for each of the redundant channels. The designer
should evaluate his system requirements and circuit failure probabilities to determne if separate fail-safe
timrs are necessary in his specific design

50. 4.3 _Redundancy. The majority of 1553B systems are dual redundant. Notices 1 and 2 require at |east
dual -redundant operation for Air Force avionics applications (more than dual redundancy is pernitted). The
requirements for operation in this mode are stated in the standard. However, there are applications where
nonredundant termnals are satisfactory, and there are others where more than dual redundancy is required

The standard is designed to acconmodate redundancy, so there is usually no mejor inpact on the design of
the termnal other than the inclusion of the proper nunber of transmtters, receivers, and encoder/decoders.

The last sentence in the previous paragraph nade an assunption that only the analog portion, the encoder
decoder, and address decoding functions would be duplicated for each redundant channel. This is not
necessarily the case, but nost of the available parts are designed for this level of redundancy. Figure 50-14
gives three exanples of dual-redundant termnals with different portions made redundant. Any of these
approaches to redundancy are acceptable. If system requirenents dictate a higher level of confidence, it is
possible to have termnals that are totally redundant. That is, there could be two (or more) entirely separate
termnals to inplement the redundant sections of what is functionally a single terminal. The coordination of
the two termnals in the manner required by 1553B would add substantial complication. If this type of design
is contenplated, careful thought should be given to the actual inprovement of reliability that would result.
Typically, the conplications of this approach outweigh the benefits

15538 requires that if a data bus systemis to be dual redundant, it shall operate in a dual standby redundant
mode (see 4.6.3 of 1553B). This requires that only one bus can be active at any given tine. It also requires
that a termnal (RT or bus monitor) should be able to accept an overriding command on the other bus (i.e.,
the bus that is not currently in use) at anytine. There is no requirement in 15538 that a BC should be able
to issue such an overriding command, however, and BCsfrequently do not inplement this capability

Implementation of the superseding valid command requirement requires that an RT or bus monitor must be
constantly decoding traffic on both buses. Seethe RT section (50.5.4) for further discussion

OF the available 1553 ICs, most are designed to inplement dual-redundant terminals and, some, quadruple-

redundant terminals. Therefore, a nonredundant terninal built from these parts typically requires that severa

features or pins be left disconnected. This is usually well defined in the documentation of the parts and should
cause no problems. A triple-or quadruple-redundant terminal should also be sinple to inplement. The user
mst be sure that the parts chosen do support his system requirenents, but most manufacturers have versions
of their parts that support more than dual redundancy

50.4.4 Notice 1 and Notice?2 effects. The effects of the two 1553B notices, and how they differ from 15536
are discussed in section 90. Those differences that affect termnal design are also discussed here. Mre
details about those requirenents that are specific to one type of terminal (RT, BC or bus nmonitor) are given
in the section on that type of termnal.
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Figure 50-14. Typesof Terminal Redundancy

50.4.4.1 Notice 1. Notice applies to all Air Force aircraft internal avionics applications (per section 20 of
Notice 1). The requirements therein that are applicable to terninal design areas follows:

a. Certain node commands (dynamic bus control, inhibit terminal flag bit, override inhibit termnal flag bit,

selected transmtter shutdown, and override selected transmtter shutdown) may not be issued by BCs
although the capability to do so is not prohibited. RTs, however, may still inplenent them

The Air Force believes that switching fromthe current BC to a backup BC using the dynamic bus

control node command is too risky, so it is prohibited

b.

Broadcast commends may never be issued by BCs although the capability to do so is not prohibited. RTs
may inplenent the capability to accept data from a broadcast command, or they may ignore them In
either case, the termnal address of 11111 (binary) is still reserved for broadcast and may not be used for
any other purpose

The problem with broadcast commands is that there is no built-in mechanismto verify that the data were
transferred properly. The Air Force feels that they violate the “command-response” nature of 1553, in
whi ch every command is concluded with a corresponding response unless an error occurred

BCs nust be capable of issuing mode commands with either 00000 or 11111 (hinary) in the subaddress
mode field. RTs, however, are only required to be able to recognize 00000 (although they are encouraged
to be able to recognize 11111 also). For RTs, this is a loosening of requirenents, since paragraph
4.3.3.5.1.7 of 1553B requires that “a subaddress/node field of 00000 or 11111 shall” indicate a mode
command. This change results from 1553( USAF), the very first version of 1553, which only required that
00000 be recognized as a node command indicator. Wth this change, 1553(USAF) RTs comply with the
standard in this respect
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Some RTs can only detect a subaddress/mode field of 00000 as the mode command indicator, and some
can only detect 11111, ABC in order to function with RTs that are designed in either of these manners,
must be capable of issuing mode commands that the RT recognizes

d. If a BCinplements any node commands, it nust inplement all the mode commands (except those that

€.

are prohibited above). An RT may inplenent only as many mode commands as its design requires. RTS
are still permitted to not inplenent mode commands and, therefore, are permitted to not recognize a
subaddress/mode field of 00000 or 11111 as defining a mode command

Al systems (for Air Force avionics use) must use the dual standby redundant design defined in the
standard. More than dual -redundant operation is pernitted but, if used, must be structured in pairs of dua
standby redundant buses

50.4.4.2 Notice 2. Notice 2 applies to all dual standby redundant applications for the Arny, Navy, and Air
Force (per section 30.2 of Notice 2). Notice 2 replaces all the sections that were changed in Notice 1, and
most of the requirements of Notice 1 are also contained in Notice 2. The requirements in Notice 2 that are
applicable to termnal design are as follows

a.

All Air Force internal aircraft avionics applications are required to be dual standby redundant (and hence
the requirements of Notice 2 apply to all Air Force applications), unless higher levels of redundancy are
deemed necessary, in which case they are permitted. There are no specific requirements, as in Notice
1, for nore than dual redundancy

RTs are required to be assignable any termnal address from 00000 to 11110 (binary), and changing the
address nust not require the nodification of any part of the RT or the opening of any unit containing the
RT. Also, no single point failure may cause an RT to assign itself a false address. This requirenent, which
is discussed further in the RT section (see 50.5.1), is typically accomplished by the addition of a parity bit
on the termnal address inputs and a parity test circuit within the RT

BCs nust be capable of issuing mode conmands with both 00000 and 11111 (hinary) in the subaddress/
mode field. RTs are required to be able to recognize both 00000 and 11111. There is also the requirenent
that 00000 and 11111 cannot convey different informtion, i.e., they nust be treated totally equivalently
by both BCs and RTS.

BCsare required to inplenent ail mode commands, although the dynamic bus control mode command
may never be issued in an Air Force application. RTs are required to inplement at |east four mode
commands (transmt status word, transmtter shutdown, override transnitter shutdown, and reset remote
termnal). Note that this requires all RTs to recognize node commands (by 00000 or 11111 in the
subaddress/node field).

There are requirements defined for response to reset remote termnal and initiate self test node
commands. Previously, these mode commands could be used in any manner that the system designer
desired. These requirenents are discussed in the RT section (50.5.7.2)

RT use of several of the bits in the status word is further defined. None of the definitions of the bits are
changed, but certain of the bits are required in certain cases. In particular, the existence of busy conditions
(and thus the use of the busy bit) is discouraged; if used, it is restricted. This also is discussed in the RT
section (50.5.7.2)

Broadcast commands are not completely prohibited; broadcast mode commands are permitted. RTs are
still pernitted to inplenent the broadcast option. However, an RT nust be capable of distinguishing
between a broadcast and non-broadcast message to the same subaddress. The broadcast terninal
address of 11111 (binary) is still reserved for broadcast and may not be used for any other purpose
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h. RTs are required to inplement a data wap-around function. The subaddress 1111 O (binary) is suggested
for this function, but it is not required.

. BCsnust be capable of issuing all defined message fornats, including broadcast commands. Previously,
these message formats were defined, but any given systemcoul d use only those that the system desired.
RTs must inplement all nonbroadcast message formats except node command with data word. An RT
is not allowed to distinguish between data associated with an RT-to-RT command and data associated
with an RT-to-BC or BC-to-RT command.

| The receiving RT in an RT-to-RT nessage transfer is required to check the response time (and the proper
response) of the transmitting RT. If the first data word in the response occurs later than 60 ps after the
(receive) command to the receiving RT, the message is invalid. It is also recomended (but not required)
that the receiving RT verify the proper occurrence of the transmt command and the transnitting RT's
status word and to treat the message as invalid if the transmt command and status word are not proper
(e.g., if the terminal address fields do not match).

k. In Navy applications, all terminals are required to have both direct- and transforner-coupled stub
connections external |y available (although only one or the other could be used at one tine). For Army
and Air Force applications, all terninals must have (and use) transformer-coupled stubs, but may also
have direct-coupled stub connections if desired.

Al terminals are required to linit the amount of Spurious output they produce when power is applied or
remved. This is discussed in paragraph 50.3.7.3.

50.5 REMOTE TERM NAL REQUI REMENTS. A renote terminal (RT) is the nost common type of termnal.
Any 1553B bus system contains only one bus controller (BC) (at a time) but up to 31 RTs. Also, expendable
stores (devices carried by an aircraft and normal Iy used up during a mssion, Iike bonbs or nissiles) typically
contain only RTs; depending on the type of store, there maybe thousands of RTs manufactured for every BC
Because of this, there has been nmore effort put into the production of IC parts to inplement RTS in an
inexpensive and space-efficient manner.

The nost inportant design characteristic of an RT is that it may not initiate any message traffic; it is totally
controlled by messages it receives fromthe bus (and which were issued by the BC). Various schemes have
been used by RTs to indicate to the BC that the RT would like to transfer data. The service request bit in the
status word is provided for this application. All these schemes depend on the fact that the BC must poll
(communi cate with, in some manner) each RT on a regular basis.

50.5.1 Terninal address. Every RT must have one (and only one) assigned terminal address, except that
an RT that inmplements the broadcast option also recognizes commands with 11111 in the terninal address
field. There are 31 possible unique terminal addresses, 00000 to 1111 O (binary), so 31 possible RTs can be
attached to a bus. Exactly how a termnal address is to be assigned to an RT is not specified by 1553B.
Available IC parts typically have five or six (see b. below) discrete inputs for the setting of their terninal
addre