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Preface

OVERVIEW

At United Technologies Microelectronics Center
(UTMC), we are dedicated to supplying high-
reliability VLSI integrated circuits for the aerospace
and defense markets. In 1986, our 280,000-
square-foot manufacturing facility earned full
MIL-STD-976 certification from the Defense Elec-
tronic Supply Center (DESC). This DESC certification
covers all phases of our manufacturing process includ-
ing circuit design and simulation, wafer fabrication,
research and development, assembly, and testing to
Class B military requirements.

UTMC also offers comprehensive quality assurance
and reliability programs, radiation-hardened and Level
S products, and foundry services specifically for mili-
tary and aerospace customers.

In addition to the military-standard products discussed
below, UTMC produces semicustom 1.5- and 1.2-
micron CMOS gate arrays. Our UTD and rad-hard
UTD-R gate array families (1.5-micron) use a pat-
ented continuous-column architecture that reduces the
number of wasted transistors in the array. The
1.2-micron UTE-R family can handle up to 50,000
usable gates and has IEEE Standard 1149.1 (JTAG)
boundary-scan test capability.

UTMC also offers high-reliability foundry services for
its bulk CMOS processes. Our customers have a
choice of either 3.0-, 1.5-, or 1.2-micron double met-
al CMOS technologies. The fabrication facility is
DESC certified, and complete processing and testing
to MIL-STD-883 Level B and Level S are available.

Demonstrating our dedication to the military and
aerospace marketplace, UTMC also now offers
RAD-SPECS™ products -- “off-the-shelf“ products
guaranteed to meet radiation-hardness assurance lev-
els M, D, R, and H of MIL-M-38510.

MILITARY-STANDARD PrRODUCTS

UTMC supplies a broad range of military-standard
products supporting MIL-STD-1553, 1750, 1760,
DSP, and memory applications. All military products
meet specifications over the full -55°C to +125°C
temperature range and are screened according to spe-
cific test methods of MIL-STD-883. We also offer
many devices as Standard Military Drawings.

We have the widest selection of monolithic Avionic
System Division/ENASC-validated (formerly SEAFAC
-- Systems Engineering Avionics Facility)
MIL-STD-1553 products in the industry. The 1553B

BCRT (Bus Controller/Remote Terminal) features ad-
vanced memory structures and powerful message han-
dling. Variations of the BCRT -- the BCRTM (Moni-
tor) and BCRTMP (Multi-Protocol) -- readily adapt to
a variety of 1553 bus applications. The bus protocol
family also includes the Remote Terminal Multi-Proto-
col (RTMP), the Remote Terminal with RAM (RTR),
the 1760A Remote Terminal for Stores (RTS), the
first available JAN-qualified RTI (Remote Terminal
Interface), and a line of monolithic 1553A/B Trans-
ceivers which are fit- and functionally-compatible to
industry-standard 631xx series transceivers.
MIL-STD-1750 products include the RISC Micropro-
cessor, which can operate in 1750 protocol or in its
native RISC mode, and its associated software tools
including interactive simulator, assembler, and linker.
On the cutting edge of DSP technology, UTMC also
offers the IQMAC™ (In-phase Quadrature Multiplier/
Accumulator), a 32-bit, 75 MFLOP pipelined vector
processor. This part uses five floating-point elements
-- two multipliers and three ALUs -- to perform rapid
vector calculations. The versatile IQMAC efficiently
performs matrix and polynomial operations, DSP and
graphics functions, and can be used for math acceler-
ators and digital filters.

Our expanding line of military-standard products also
includes a radiation-hardened memory family. The
family presently includes a 8K x 8 SRAM with two
levels of SEU immunity and mask-programmable

8K x 8 ROM.

RAD-SPEC ProbucrTs

RAD-SPEC is UTMC'’s radiation-hardness specifica-
tion program guaranteeing the hardness assurance lev-
els specified in MIL-M-38510. UTMC offers
RAD-SPEC semicustom and military-standard prod-
ucts with “off-the-shelf* pricing and delivery to simpli-
fy compliance and procurement.

Our rigorous testing and qualification guarantee the
cost-effective, rad-hard products needed to consistent-
ly meet MIL-M-38510 tactical levels M and D and
strategic levels R and H. Hardness levels M and D
have total dose levels of 3E3 and 1E4 rads(Si) re-
spectively and neutron fluence of 2E12 n/cm2. Levels
R and H require total dose limits of 1ES and 1E6
rads(Si) respectively and the same neutron fluence.
UTMC guarantees to meet the customer’s specified
radiation-hardness level across the full military tem-
perature range at cost-effective prices.
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PREFACE

Section 1 has four parts. Part 1 presents network and
communication terms the way MIL-STD-1553 uses them
and describes how a 1553 network compares to other
networks. Part 1 also presents the history of 1553 since its
inception in 1970 and discusses its acceptance and use
today. Part 2 summarizes the Standard’s requirements
and relates them to systems use. Parts 3 and 4 are for
system, hardware, or software designers. Part 3 describes
how system integration should occur, and part 4 presents
guidelines and good design practices when:
MIL-STD-1553 is the communication means.

1.0 GENERAL DATA Bus CONCEPTS

1.1 Introduction to Data Buses

A data bus is the communication means to connect two
or more users. Data refers to computer words, and the
term “bus” is borrowed from the electrical power system
term referring to a common connection for several
circuits. A physical data bus - usually electrical
conductors - is the transmission medium. A user can be
either a sender or receiver of data, or both.

Parallel data buses use one physical connection for each
binary bit so that all bits in a word are transmitted
simultaneously. An example of a parallel data bus is the
data path in a personal computer board which connects
the processor chip and the memory.

In contrast, serial data buses use one physical connection
to sequentially transmit bits. Therefore, serial data buses
must use a decoding and timing scheme to distinguish
logical ones and zeros. Serial data buses also use a
control mechanism to synchronize the receiver with the
sender. Synchronous means a mutually sensed clock
pulse controls transmission and reception. The clock
pulse may be on an additional control line dedicated to
synchronizing the communication link, or the data may
contain the control information. A master clock
reference available to all users on a data bus is an
example of a synchronous data bus. Receivers use the
master clock to know when each bit begins, while senders
use it to time transmissions.

Serial buses may be operated asynchronously when the
transmitter and receiver use crystal-controlled clocks and
start and stop information within each word of the
message so the receiver knows when each word begins.
Self-clocking by the receiver to its independent clock
occurs word by word as the words are received. An
example of a serial data bus is the telephone wire
connecting two computers through modems. With one
telephone connection, the connection operates
asynchronously.

Manchester encoding allows the timing and data to be
combined in each data bit by changing the polarity of the
signal depending on whether the bit to be transmitted is
a zero or a one. The receiver decodes the received signal
by using its matched clock for timing bits in a word.

Electrical characteristics of the data bus include bit
encoding and timing, data bus transmission rate (bits per
second), and transmission waveform. Messages are
multiplexed when the data bus is used for messages for
multiple users. Control of a multiplexed bus is more
complex because priorities for the use of the bus must
exist, the address of the receiver must be added to the
message, and the receiver must be able to decode and
use only the messages addressed to it.

Data buses may be designed so that either each word or
each message is acknowledged. Acknowledging each
word has the advantage that the receiver does not need
to know how many words are to be received, and the
disadvantage is that the receiver cannot detect message
errors. For example, the printer connected to a desktop
computer uses word by word acknowledgment. Two
methods are used to determine message length or
completion. In the first method, transmission of a special
sequence of bits different from any data indicates the
start and the end of each message. In the second
method, the sender includes the word count in the
message and the receiver acknowledges correct receipt of
the message. MIL-STD-1553 uses the latter method.

Data buses detect errors which occur during message
transmission and reception so the sender can retransmit
messages and the receiver can discard messages with
errors. Word parity is an example of an error detection
technique. Since data buses transmit messages with
words of the equal Iength, adding a word parity bit will
enable the receiver to verify the word by independently
recalculating parity and comparing the result with the
transmission.

The data bus protocol defines all of the actions of both
receiver and sender including what to do when messages
have bit and word errors. Protocol also includes: (1)
message and word formats including destination address
and message identification; (2) method of message
acknowledgement; and (3) special messages that are
related only to managing the data bus, such as which
users have authority to transmit messages and which
users are ready to receive.

MIL-STD-1553 defines a serial asynchronous data bus on
which the messages are multiplexed among users. The
transmission medium is a twisted wire cable. The
Standard specifies all of the electrical characteristics of
the receivers, transmitters, and cable. It also defines the
complete protocol but makes the use of many parts
optional. To initiate all messages, the Standard requires a
centralized control bus (as opposed to either a distributed
or autonomous controlled bus). Figure 1 shows an
example of a MIL-STD-1553 data bus system.

The U.S. Department of Defense (DoD) requires the use
of this standard multiplexed data bus on all military
airplanes and helicopters. It is also used on ships and
land vehicles.
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Figure 1. MIL-STD-1553 Data Bus System Architecture

1.2 Historical Need for a Bus

From about 1965 to 1970, airplane designers incorporated
digital computers and multi-wire digital links to
supplement or replace analog systems in airplanes. Three
well-known programs provided the motivation for
development of a data bus.

In late 1969, the U.S Air Force (USAF) released its
procurement request for the B-1A airplane. The request
included a requirement for a crew capsule which could
be separated from the aircraft during an aircraft
emergency. Reducing the number of electrical
connections between the capsule and the aircraft body
gave great impetus to designing a serial data link. For B-
1A, this link was a twisted pair of wires, operating at a
clock rate of one million bits per second, with a
maximum message length of 512 words.

From 1970 to 1972, designers of the space shuttle
avionics also created a serial data bus to interconnect
flight-critical computers and subsystems using multiple
buses primarily to facilitate redundant communication.

The F-15, which became operational in 1975, used a
synchronous serial link to connect avionics subsystems to
the mission computer to provide an extension of the
computer input/output interface to remote electronics.
This design used a one million cycles per second (1 MHz)
separate clock line, and a maximum message length of 15
words.

In summary, the advantages of using multiplexed data
buses as viewed in 1970-1975 included performance
improvements made possible by the distribution of data

from dissimilar sources, weight saving, ease of achieving
communication redundancy, and flexibility of integration.
Many engineers in industry recognized these advantages
and developed prototype systems, but the USAF and the
U.S. Navy (USN) took the lead in encouraging
investigation to determine the best design for aircraft.

1.3 Development of MIL-STD-1553

Data Bus as a Standard
In 1968, the Society of Automotive Engineers (SAE)
Aerospace Branch in cooperation with the USN formed a
task group to generate a military standard which would
specify a data bus system to control electrical power
(Control Group, Electrical Power, General Specification
for, MIL-P-81883). The task group consisted of industry
and military designers. Common features were specified
and areas of disagreement were delegated to “slash
sheets,” which, when completed, constituted a complete
standard. Because of the interest in multiplexing on the
F-15, B-1A, and space shuttle, each with unique designs,
the industry looked for a common approach. Through
this effort, the USAF developed and published
MIL-STD-1553 in 1973 for use on the F-16 program.

During the next two years, industry, the USAF, and the
USN reviewed many drafts of potential revisions to the
Standard. In 1975, by direction of the DoD and with the
support of industry, the USN, the USAF, and the Army
published a coordinated revision A to the Standard.
Because of problems and difficulties with revision A,
industry and the military formed another SAE task group
in 1976 to propose further changes.
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After a complete rewrite of the “A” document, the SAE
task group worked with the USAF, USN, and Army to
produce the DoD-released MIL-STD-1553B in
September 1978. The USAF further limited
MIL-STD-1553 by creating USAF Notice 1 for the
Standard in February 1980. After several years, the SAE
again worked with the DoD tri-service group to generate
the most recent 1553B Notice 2 for DoD usage.
International standards incorporate or reference
MIL-STD-1553B without notices. Figure 2 illustrates the
key MIL-STD-1553 historical events.

1.4 The Impact of MIL-STD-1553B

All three DoD services require MIL-STD-1553B as the
Standard for inter- and intra-subsystem communication.
The USAF established a “Form-Fit-Function” concept
for avionic equipment common to more than one
airplane beginning with the standard inertial navigation
system. The signal interface is MIL-STD-1553.
Currently, many such boxes including radios and air data
computers use MIL-STD-1553 interfaces. Avionic
upgrades to existing airplanes with analog systems always
include the addition of MIL-STD-1553 data buses to
incorporate the many existing subsystems with
MIL-STD-1553 interfaces. MIL-STD-1553 is the main

communication link between aircraft and weapons, as
required by MIL-STD-1760. Today’s expendable stores
and captive-carry pods such as infrared sensors and
electronic warfare components that conform to
MIL-STD-1760 will have at least one MIL-STD-1553
interface. Complex air-to-ground and air-to-air missiles
also have their internal avionics interconnected with
MIL-STD-1553. The Army uses MIL-STD-1553 in
helicopters and tanks. The USN uses MIL-STD-1553 in
surface ships and submarines.

Originally used only in mission avionics, MIL-STD-1553
is now used in flight critical avionics (such a terrain
following subsystems), flight control, weapons, electrical
power control, and propulsion control.

MIL-STD-1553 is commonly used outside the U.S. The

United Kingdom (U.K.) Ministry of Defence and NATO
have adopted MIL-STD-1553 as a standard. The NATO
alliance countries as well as others (e.g., Israel) produce
subsystems and weapons with MIL-STD-1553 interfaces.

MIL-STD-1553 has become easier for the designer to
use. Twenty years ago, a MIL-STD-1553 bus interface
unit (BIU) required significant design and production
effort. Now, MIL-STD-1553 use resembles
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microcomputer interfacing. Minicomputers and desktop
personal computers used in ground laboratories also use
MIL-STD-1553 interfaces produced by many companies
in the U.S., U.K., and Europe.

MIL-STD-1553 is the most successful and most widely
used standard of its type. International standardization is
achieved by MIL-STD-1553B (without Notices) as part of
or referenced by NATO STANAG 3838, ASCC Standard
50/2 and UK DEF STAN 00-18 (Part 2)/Issue 1.

2.0 UNDERSTANDING MIL-STD-1553

MIL-STD-1553 is designed for high integrity data
exchanges between unattended equipment in military
airplanes, ships, and land vehicles. The messages are
highly repetitive, and their content and periodicity are all
preplanned. Computers or digital logic control message
execution include what action takes place when errors
occur. Each piece of equipment contains a MIL-STD-
1553 communication terminal operating from power
within the equipment and providing the equipment data
interface. The Standard calls the communication
terminals Bus Controller (BC), Remote Terminal (RT),
and Monitor (M).

The Standard specifies the terminal’s exact electrical
characteristics. The terminal hardware must operate
exactly the way the Standard has defined it.

The Standard defines all of the message protocols that
may be used. Unlike the electrical requirements, the
system designer may choose to use any message protocol,
as long as it is a complete protocol. The Standard does
not define the many ways BCs, RTs, and Ms can be
interconnected, except that: (a) the number of RIs on a
single data bus cannot exceed the maximum number of
addresses, and (b) the BC is the single controller of all
messages on the bus.

2.1 Functions of Bus Controllers,

Remote Terminals, and Monitors
This section provides an introduction to the most
common uses of 1553 terminals in systems today. It
provides a frame of reference for the discussion of the
1553 protocol that follows.

All messages and their transmission rates are
pre-established during system design. Since the BC is the

only controller, the BC only needs to follow instructions
stored in memory to control communication and to
monitor and service message requests. The BC also
contains error analysis and decision logic to deal with all
errors that can occur in the communication system. Thus,
the BC’s operation is well ordered, pre-established at
design, and specific for each step necessary to achieve
data communication and control. These operations are
unique for their application. BC hardware design should
have sufficient flexibility to allow BC use in many
applications.

In contrast to the BC, the RT usually has specific
functions and will use the data bus (under control of the
BC) for bidirectional communications with other RTS or
the BC as it supports system operation. For example, an
inertial navigation system is an RT that provides position
and acceleration data to the flight control computer and
to crew instruments. The RT’s primary roles are to be an
interface for the equipment function within it and to
communicate with other equipment connected to the
same data bus. )

The M is the only other electronic device used in
MIL-STD-1553, and it has a limited application. The M
has the features of both an RT and BC, except that it
cannot transmit information on the bus. It can receive
and store every message addressed to every terminal.
Because this capability is usually impractical, the designer
specifies which messages addressed to specific terminals
the M will store. The design may include the ability to
use loadable programmed data to establish the selection
of the M’s capability at power-on. The M’s most common
use is flight test instrumentation to verify data bus system
performance.

2.2 MIL-STD-1553 Message Formats

The Standard defines two types of message formats: non-
broadcast or “information transfer formats” and
broadcast or “broadcast information transfer formats.”
Figures 3 and 4 show these formats, which are
reproduced from figures 6 and 7 respectively of the
Standard. Both information transfer formats are divided
into data communication messages and communication
management messages. Each message uses only
standardized word types that are described in later
sections.
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Figures 3 and 4 show that all message formats begin with
one or two command words that contain the RT’s address
number, message identification field number
(subaddress), word count, and a one-bit field to indicate
whether the data words are to be transmitted or received.
RTs acknowledge message reception by transmitting a
status word if they received an error free
non-broadcasted message. Since RTs must respond within
the response time the Standard allows, the response time
is part of the message format. The status word contains
the RT’s address and additional information conveyed by
setting the status word bits from logic zero to logic one.

The Standard also defines communication management
messages that are identified by a specific message
identification number in the message identification field.
The communication management message number is the
word count number field. The Standard calls these mode
commands. The Standard defines mode commands for
both non-broadcast and broadcast formats. (Section 2.6
describes all mode codes and their uses in a typical
system.)

The Standard defines only three types of words:
command word, status word, and data word. Figures 3
and 4 show the order of these words in messages. The
non-broadcast message formats are used only for
communication between two terminals. In contrast,
broadcast message formats allow either a BC or an RT to
transmit to all other terminals under the BC’s direction.
One of the terminal addresses is reserved for use as the
broadcast address for all terminals.

As shown in both figures 3 and 4, each message must be
separated in time from the next by a minimum
intermessage gap of at least two microseconds. This delay
allows the analog bus to “quiet” prior to next message
transmission. Typical intermessage gaps on
computer-based BCs range from 30 to 60 microseconds.

2.2.1 Non-Broadcast Message Formats

In non-broadcast formats, only six message types are
allowed, and the use of any or all of them is optional.
Three of these messages are for normal data
communication, and three are for communication
management. For normal non-broadcast communication
management, the BC issues commands to: (a) require an
RT to transmit a message to the BC (RT-to-BC); (b)
originate a message to an RT (BC-to-RT); (c) require one
RT to transmit a message, while directing another RT to
receive it (RT-to-RT). For non-broadcast communication
management, the BC issues mode commands to: (a)
command one RT to perform the operation the mode
indicates and to transmit its status word and a single data
word (RT-to-BC with data word); (b) command one RT to
transmit only its status word (RT-to-BC without data
word) and perform the mode operation; and (c)
command one RT to receive one data word, transmit its
status word, and perform the mode operation.

Each message format requires the RT to transmit its
status word so the BC can validate that the RT received
the message. The message formats are basically “closed

loop” because the BC receives confirmation that the
message was received when the BC receives the RT
status word. The RT status word bits provide additional
information on the general maintenance condition of the
RT and its subsystem and allow the RT to request service
to transmit pre-planned aperiodic data.

The Standard defines word and message validation
criteria. If the terminal hardware detects either an
invalid word or a transmission discontinuity, it considers
the word and message invalid. This requirement applies
to all terminals. The Standard requires the RT to
suppress the status word if the message validation criteria
is not met or if the number of words received does not
match the word count in the command word. In both of
these cases, the RT sets but does not transmit the
Message Error bit in the status word. The BC easily
detects the message failure if, after waiting the maximum
RT response time, it does not receive the status word.
Although the Standard does not impose any error
handling requirements, the BC should be programmed to
handle such error occurrences. The system designer must
decide what error response the system will perform for
each pre-programmed message.

2.2.1.1 BC-to-RT Receive Message

The BC-to-RT receive message occurs when the BC
transmits a command word with a unique RT address
followed by 1 to 32 contiguous data words as specified by
the command word. The RT recognizes the command
word, its own unique address, and the word count, and
starts receiving data words for validation and use. After
the RT receives a complete message and the response
time elapses, the RT will transmit its status word and
indicate that it received a valid message. The BC
examines the returning status word and bases its actions
on the RT’s status bits. Since the RT is returning the
status word, the BC is assured of message reception
validation. If a valid complete message was not received,
the RT will suppress the transmission of its status word,
and the BC will wait only the specified response time
before originating another message. The next message
may be the error handling message to resolve the
problem or a retry of the original message. See figure 3.

2.2.1.2 BC-to-RT Transmit Message

The BC performs the BC-to-RT transmit message when
it desires data from a unique RT. After the response
time, the unique RT selects the data requested based on
the command word subaddress and transmits its status
word followed by the number of data words the BC
specified in the command word. The BC receives the
unique RT’s status word, bases its actions on the RT’s
status bits, and stores the incoming data words. Message
validation is accomplished by examining the RT’s status
word, performing the message validation the Standard
requires, and verifying that the number of data words
received agrees with the word count in the command
word. See figure 3.
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2.2.1.3 RT-to-RT Message

The BC can direct one RT to transmit data and another
RT to receive the data. The_ receive command comes first
and prepares the receiving RT for data words. The next
command word, a_transmit command, causes another RT
(based on address) to transmit. As in the BC-to-RT
transmit command, the transmitting RT sends its status
word followed by the commanded number of contiguous
data words. The receiving RT validates message
correctness prior to transmitting its status word. The BC
then must review and act accordingly on both the
transmitting and the receiving status words to complete
the message. The receipt of both status words results in
the verification of individual message completion. See
figure 3.

2.2.1.4 Non-Broadcast Mode Command Messages

The BC can use three different mode command message
formats to manage unique RT problems. The first format
commands a unique RT to accomplish the action
specified and transmit its status word after the
appropriate response time. The second and third formats
allow the BC to request the RT to transmit its status
word and a data word or to receive a command word and
one contiguous data word prior to the RT transmitting its
status word. A description of the BC’s use of the mode
codes to manage the system and resolve problems with
RT5 follows the message and word descriptions in section
2.6.

2.2.2 Broadcast Message Formats

The broadcast messages allow a single terminal to
transmit a message to all terminals. The Standard defines
four broadcast messages: BC to all RT3, single RT to all
RTs, BC mode command to all RT3, and BC mode
command with data word to all RT5.

2.2.2.1 BC Broadcast to RTs

The BC-to-RTs message is a transmission from the BC to
all RTs which have the ability to receive a broadcast
message. (The Standard does not require RT5 to have the
capability to receive a broadcast message.) The command
word contains the reserved address for broadcast.
Following the command word are from 1 to 32 data
words as specified in the command word data count field.
The data words tell the RT5 the type of message being
transmitted and the length of message. If the message is
validated, the RT5 will use the broadcasted data. With
broadcast messages, transmission of the status word to
the BC is not permitted thereby avoiding status word
collisions and unreadable communication on the bus. If
the BC must verify message reception to one or all RT,
it may transmit a non-broadcast mode command message
to any RT individually to determine the status of the
previous message reception.

2.2.2.2 RT Broadcast to RTs

The BC uses two contiguous command words to
command a single RT-to-all-RT§ message. The first
command word contains the broadcast address to receive
a message. The second command word contains the

address of a unique RT. The BC uses the second
command word to direct the unique RT to transmit a
message to all receiving RTS. The message states the
required number of data words. Note that the receiving
RT5 are waiting for data words.

The unique RT prepares the commanded message during
a response time. When the response time ends, the
unique RT transmits a status word followed by the
commanded number of data words to all receiving RT5.
Because the status word contains the address of the
transmitting RT, the receiving RT5 ignore it. The
receiving RTs do accept the data words that follow the
status word. They decode the data words and use the
data if it is error free. The receiving RT5 set their status
words to indicate broadcast reception (message
completion) but do not automatically transmit their
status words. To verify message completion, the BC
requests each RT to transmit its status word using a
mode command. The BC examines the transmitting RT’s
status word and waits for message completion before
beginning the next message. See figure 4.

2.2.2.3 Broadcast Mode Command Messages

The BC uses two broadcast mode code command
message formats to manage RT problems. The BC can
transmit seven broadcast mode commands without a data
word to all RTs: Synchronize, Initiate Self-Test,
Transmitter Shutdown, Override Transmitter Shutdown,
Inhibit Terminal Flag, and Override Inhibit Terminal
Flag. (See section 2.6 for a description of the meaning of
mode codes.) Three additional broadcast mode command
formats are transmitted with a data word: Synchronize
With Data Word, Selected Transmitter Shutdown, and
Override Selected Transmitter Shutdown. The data word
contains information RT5 need to execute these
commands. The designer, not the Standard, defines these
data words.

The RT receives the mode command and performs the
required function if it is designed to support broadcast
messages and has implemented the optional mode
commands as part of its design. If the RT does not have
the broadcast design capability, it will not accept the RT
address and will continue to operate as if the command
was to another RT.

2.3 Note on MIL-STD-1553B Notice 2

This note distinguishes the BC and RT capability dictated
by Notice 2 from optional use and prohibited use. (Notice
2 completely replaces Notice 1.)

Since MIL-STD-1553 allows optional use of all the
message formats and mode commands, many early BC
and RT designs did not include the capability to decode
some or all of the mode codes or to respond to some of
the message formats. Many early RT designs did not have
the capability to implement the RT-to-RT message. For
these designs, the designer selected the message formats
and mode commands required only for the specific
application.
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Figure 5. MIL-STD-1553B Word Formats

Notice 2 clarified that BCs and RTs must have all non-
broadcast message formats. RT5, however, are not
required to implement non-broadcast mode commands
with data words if such mode commands are not part of
the RT’s design requirements. Notice 2 also defined a
required minimum set of mode codes that the RT’s
design must include. The RT may or may not use all of
the mode codes. In Notice 2, the USAF also mandated
that some of the optional capabilities of MIL-STD-1553B
never be used in airplanes.

2.4 Command, Status, and Data Words

All bus data is transmitted as 20-bit words, as figure 5
shows. The Standard identifies and specifies only three
types of words: command, status, and data.

The time interval of three bits serves as a combination of
word identification and synchronization (sync). The sync
pattern, defined by the Standard, is unique and is not the
same as the waveform of data bits. The two parts of the
sync are each 1.5 times a one-bit time, transmitted either
as a positive voltage waveform followed by negative
voltage waveform or vice-versa. The sync order identifies
the words: the command and status words have the
positive waveform first while the data word has negative
waveform first. Word parity is also part of the word. The

20 bits are, in order: 3 bit times for the sync, 16 bit times
for data, and 1 bit time for parity.

2.4.1 Command Word
The Standard uses these terms for the command word
fields:

Bit Number 1553

Times of Bits Name

1-3 3 Sync

4-8 5 RT address

9 1 T/R bit

10-14 5 Subaddress/Mode
15-19 5 Data word count/Mode
20 1 Parity

The command and status words use the same sync
pattern. The data word uses the inverse of the command
and status pattern. However, since the BC always issues
commands to RT5, the BC knows which RT it has
commanded. The BC compares the RT address in its
command word to the address in the RT’s status word to
validate that the commanded RT is transmitting its status
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word. This address comparison is always unambiguous
because the BC does not have a commanded address.

RTs use the sync pattern to determine if the word is a
command. If it is, the RT will examine the address for its
own unique address number or the broadcast address.
Status words transmitted on the bus will always have the
address of the transmitting RT. Therefore, the RT can
always determine if a word with a command/status sync is
a command word to which it must respond. The RT can
always separate command and status words from each
other and from data words.

If the command word is addressed to a particular RT and
the RT determines that it is being commanded, it
decodes the T/R bit. A logic one indicates the RT will
transmit data while logic zero indicates it will receive
data.

Finally, the RT decodes the subaddress/mode field. First
the RT determines if a mode command is being
transmitted and if it is, the RT interprets the word
count/mode field as a mode code. If it is not a mode
command, the RT interprets the subaddress/mode field
as the message identification and the word count/mode
field as the number of words to be received or
transmitted, depending on the T/R bit.

The last bit in the command word is the parity bit. All
1553 words end with the parity bit set to “odd.” Odd
parity means there is an odd number of logic ones in the
word (16 data bits plus the parity bit). Odd parity is
accomplished by counting the logic ones in the word and
setting the parity bit to one or zero to achieve an “odd”
number of ones.

2.4.2 Note on Subaddress Assignment

The Standard reserves two subaddresses for mode
command identification. A maximum of 30 transmit and
30 receive messages can be assigned to subaddresses.
Each RT must be designed to store its assigned receive
messages and construct its required transmit messages.
The receive and transmit messages are assigned to the
receiving and transmitting subaddresses, respectively. If
more than 30 subaddresses are needed, mode code
messages can be used to switch from one set of 30
transmit/receive subaddresses to another set.

MIL-STD-1553 does not define or restrict the
subaddress-to-message assignment. The only exception is
Notice 2 requires a receive and transmit subaddress be
dedicated to a wrap-around message equal in length to
the longest message the RT receives or transmits. The
Notice suggests, but does not mandate, that this
dedicated subaddress be 30. The wrap-around message
would be received from the BC, unaltered by the RT, and
transmitted upon BC command.

2.4.3 Status Word

The Standard uses these terms for the status word fields:
Bit Number 1553

Times of Bits Name

1-3 3 Sync

4-8 5 RT address

9 1 Message error

10 1 Instrumentation

11 1 Service request

12-14 3 Reserved

15 1 Broadcast command received
16 1 Busy

17 1 Subsystem flag

18 1 Dynamic bus control acceptance
19 1 Terminal flag

20 1 Parity

The RT transmits a status word after receiving a
command with or without a data word (or words) from
the BC unless the address in the command word is the
broadcast address. The status word sync is identical to
the command word sync and precedes the RT address.
Each RT has a unique address and may also have a
broadcast address which is never transmitted in the status
word. Notice 2 requires that an address change be
possible by external connector without physical
modification of the RT and that the RT validate its
address at power-on as a minimum. Notice 2 also
requires that no single failure cause an RT to validate a
false address. This requirement is usually accomplished
by adding a sixth interface, which is parity on the five
address lines and itself and is part of the wire bundle just
like the address lines. Even though this is a Notice 2
requirement, it has general application to all
MIL-STD-1553B RT5 and is a de facto method of
defining an RT’s address. The remainder of the status
word, excluding the common approach for parity,
contains specific status bits. Each bit has a single
application and is used to convey information that
generally solicits standard responses from the BC.

The paragraphs below describe how a typical system uses
status bits and BC responses. Many of the BC responses
are associated with the mode commands described in
section 2.6.

The_Message Error bit is set in an RT when the
incoming message has failed the Standard’s word or
message validation requirements. Since the status
word is not transmitted for message errors or
broadcast messages, the BC can only observe a
message error when the mode code Transmit Status
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or Transmit Last Command is sent to the RT. The
only exception to this operation occurs with an RT
that has been designed with the illegal command
monitor option. If this type of RT receives a
command that it is not designed to receive, the RT
will respond with a status word with the Message
Error bit set.

The Instrumentation bit is always set to zero to
allow the same bit in the command word to be set to
one, thus allowing a Monitor to determine status
versus command words. If the one is used in the
command word, mode codes are identified by all
ones and subaddresses are limited to 15. If the one
is not used in the command word, mode commands
are usually all zeros, and 30 receive and transmit
subaddresses are available.

The Service Request bit is set in the status word
when the RT wants to transmit an aperiodic
message. As described in section 2.6, the BC uses
the Transmit Vector mode command to determine
the desired transmission.

The Broadcast Command Receive bit is set when
the RT has received a valid broadcast message.
Since the RT is required to suppress (not transmit)
the status word on broadcast messages, the BC can
validate message reception using the Transmit
Status or Transmit Last Command mode code.

The Busy bit indicates to the BC that the RT is
unable to receive or transmit valid data with its
subsystem interface. If the BC commands the RT to
receive data when it is in a busy condition, the RT
cannot use the received data. If the BC commands
the RT to transmit when it is busy, the RT will
transmit its status word only with the Busy bit set.
RT5 should be designed to minimize the time when
they are busy. During initialization, however, an RT
is often busy until it completes power-up. Busy
operation at other times is usually unnecessary.

The Subsystem Flag alerts the BC of a subsystem
problem. Subsystem error handling software is
required to manage this problem. Thus, the BC will
pass this information to application software to deal
with the aspects of a failed subsystem on the bus.

The Dynamic Bus Acceptance bit is discussed in
section 2.6. It is associated with the Dynamic Bus
Control mode command. The new BC sets this bit
to tell the existing BC to stop operating in the BC
mode and revert to an RT or Monitor mode.

The Terminal Flag bit indicates an RT hardware
failure. This failure may not prevent the RT from
continuing to operate due to its redundancy. Several
mode codes such as Initiate Self-Test and/or
Transmit BIT can analyze the problem’s severity.
Once failure analysis is complete, the BC can use
the Inhibit Terminal Flag mode code to suppress
future reporting. Then, with subsequent
communications, the BC can continue to use a
non-fatal failure in an RT without re-examining the
failure.

2.4.4 Data Word

The data word contains the three-bit inverse sync pattern
of the command and status words, followed by 16 bits of
user-defined data, ending in an “odd” parity bit.
MIL-STD-1553 requires the most significant bit be
transmitted first. It does not require that a logic one or
zero represent any specific meaning, such as “on” or
“off.”

2.5 Note on Probability of Undetected Errors
MIL-STD-1553’s noise rejection capability has been
satisfactory for almost any application. Table II of
MIL-STD-1553B indicates that an RT can have only one
error after receiving 52 million words. This translates to
approximately one error every 33 minutes for BC-to-RT
messages of 10 words transmitted at 1667 messages per
second. Ten-word messages transmitted at this rate use
approximately one-half the capacity of the data bus.

If the system uses non-broadcast messages or verifies
broadcast messages using a mode command, the system
will detect one error per 33 minutes and will activate the
system error correction to resolve the message error.
Therefore, the chance of an error going undetected is
approximately 10E21 bits/error, yielding more than a
lifetime before an undetected error can occur. If data
integrity requirements exceed this number, then the
designer can add error correction encoding techniques to
each message. Since the designer controls all data
definition methods, the complexity of data encoding is
user dependent.

2.6 Meaning of the Command Word Mode Codes

The following table defines all of the mode codes in
MIL-STD-1553B. The first 16 codes are not transmitted
with a data word, but the last 16 are transmitted with a
data word. It is inappropriate to broadcast mode codes
requiring RT data word responses because multiple RT
transmissions cause bus crashes. Dynamic Bus Control
broadcast is also inappropriate. For mode codes 17 to 31,
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the T/R bit is important because it defines whether the
BC or the RT transmits the associated data word.

T/R | Mode | Function Data [ Broad-
Bit | Code Word| cast?
1 0 Dynamic bus control | No No
1 1 Synchronize No Yes
1 2 Transmit status word No No
1 3 Initiate self-test No Yes
1 4 Transmitter shutdown | No Yes
1 5 Opverride transmitter No Yes
shutdown
1 6 Inhibit terminal flag bif No Yes
1 Override inhibit No Yes
terminal flag bit
1 8 Reset remote terminal | No Yes
1 9-16 Reserved No TBD
1 17 Transmit vector word | Yes No
1 18 Synchronize Yes Yes
0 19 Transmit last command| Yes No
1 20 Transmit BIT word Yes No
1 21 Selected transmitter Yes Yes
shutdown
0 22 Override selected Yes Yes
transmitter shutdown
1 23-31 | Reserved Yes TBD
or
0

0 Dynamic Bus Control

The active BC uses this mode code to pass control to
another BC. The transfer allows the other BC(s) time to
control subsystems on the same data bus. Once the BC
has passed control, the former BC must assume the role
of an RT or M. This approach provides considerable
autonomy from BC to BC at the overhead expense of
time-sharing the bus and the risk of no BC or more than
one BC being in control at any one time. This method
should never be used to pass control from the primary
BC to the back-up BC when performance problems with
the primary BC occur because the failing unit seldom
operates as planned.

1 Synchronize without Associated Data Word
18 Synchronize with Associated Data Word

These BC-transmitted mode codes can be used to
synchronize one or all RT5 if used with a broadcast

address number in the command word. Since no
additional data is provided with the first mode command,
the receiving RT(s) must be designed so that a
predefined action occurs. The same is true for the
Synchronize with Data Word mode. In this mode
command the user may define specific synchronization
information. These mode commands have been used to
initialize RTS, set clocks to a preset value, release or set
internal RT buffers, define frame changes, select
subaddress blocks, and perform many other
user-designed functions. Each designer has chosen
different applications for these mode commands.
Therefore, the designer should examine system impact
when using off-the-shelf RT.

2 Transmit Status Word

This is one of the most common mode codes used to
obtain a status word from a specific RT. Since this mode
code does not update the information bits in the status
word when the RT receives it, the BC can interrogate an
RT concerning the previous message. This mode code
can also be issued to troubleshoot an RT that fails to
transmit a status word to determine if the previous
message was received with or without error. This mode
code provides one method to determine if a unique RT
received a previous message that was a broadcast
message. (See Transmit Last Command mode code for a
second method.)

19 Transmit Last Command Word

The BC can use this mode code to determine if an RT
received a previous message (broadcast or
non-broadcast). The command will not change the status
word, therefore the status word will reflect the previous
command’s information. If the BC is capable of storing
and evaluating both the data word (the 16 bits from the
previous command word), and the status word, this
command can provide the same information as the
Transmit Status mode command. Often systems are not
designed to store both the status word and the data word,
thus two separate mode commands are required (i.e.,
Transmit Status and Transmit Last Command). This
mode command is used to verify order of message
reception where order is critical to system performance.
However, the system designer should minimize the use of
messages requiring specific order, if possible, or use
unique subaddress mapping to ensure multiple message
order in the receiving RT, thus requiring no specific
verification.

3 Initiate Self-Test

This mode code allows the BC to command an RT to
initiate self-test. The test results can be collected after
the RT has conducted its self-test via the Transmit BIT
mode command. Generally, RTS require time to
accomplish this task, therefore the transmission of this
mode command and its associated reporting mode
command must be properly timed to achieve the most
recent self-test results.
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4 Transmitter Shutdown

5 Override Transmitter Shutdown

8 Reset Remote Terminal

21 Selected Transmitter Shutdown

22 Override Selected Transmitter Shutdown

These mode commands are used to shutdown or initialize
transmitters or to reset the RT to a power-on state. With
dual-redundant standby systems, mode commands 04 and
05 are usually used. Mode commands 04 and 05 always
refer to the transmitter on the other bus, not the
transmitter associated with the bus receiving the
command. Mode commands 21 and 22 are used in
systems where the number of redundant data buses
exceeds two. The data word indicates which bus to
shutdown. Once again it will not be the transmitter of
the receiving bus. Mode commands 21 and 22 are used
only when the BC cannot communicate with an RT on a
bus because the RT’s transmitter is active. Generally this
condition is due to a failure. Another method, the Reset
mode command, causes the RT to re-initialize completely
by going through a power-down and power-up sequence.
These methods should be required only if the RT’s
watchdog timer associated with the length of a
transmission fails. Reset may also be used to initiate one
or all RT5 to a power-on condition for start-up. This
action will clear internal information to create an orderly
start-up.

6 Inhibit Terminal Flag Bit
7 Override Inhibit Terminal Flag Bit

These mode codes allow the BC to control operation of
the Terminal Flag bit in the status word. When a single
RT interfaces to more than one bus, a method of
monitoring for the first failure is required. After analysis
of the fault, the BC can remove the fault reporting to
prevent unnecessary analysis by the BC as the RT
continues to perform using its redundant circuitry. Since
most systems have a minimum dual-standby redundancy
capability, the elimination of fault reporting after a single
failure causes no hardship. If greater than dual
redundancy is used, other methods such as Transmit BIT
word should be used to monitor performance after the
first failure. Thus, the inhibit mode code prevents
needless error analysis after every message transmitted
or received by the RT because the status word’s Terminal
Flag bit is set.

17 Transmit Vector Word

This mode command is used to determine the subaddress
of the aperiodic message that the RT has requested using
the Service Request bit in the status word. Although user
defined, the data word usually contains the information
that allows the BC to enter its aperiodic message table
and command the appropriate message transmission. The
RT design may require the subsystem to queue several
aperiodic requests prior to transmitting the Service
Request bit in the status word.

2.7 1553 Electrical Interface Requirements

The Standard defines interface characteristics that
achieve electrically compatible terminals capable of bus
communication. It specifies transmitter and receiver
interface parameters compatible with bus cable and bus
coupler parameters. These are analog design parameters
which allow the system designer to build multiple systems
using terminal electronics regardless of subsystem
function.

The Standard has word and message validation
requirements for terminals and requirements for the data
bus cable and bus termination resistors. The Standard
allows a designer to connect a terminal to the bus in two
ways. The direct method allows a connection of the RT
to the main bus with no electrical components. The
transformer-coupled method uses an isolation
transformer and resistors between the RT and the main
bus. The cable from the main bus to the RT; if it is used,
is called a stub.

2.8 Note on the Historical Rationale

for MIL-STD-1553 Characteristics
Technical papers and conference handouts during the
early 1970s explain the rationale for the technical
decisions that lead to the MIL-STD-1553 data bus.
Several commercial airplane multi-wire serial link
designs and RS-232 existed, but no available design met
the data rate and integrity needed for serial multiplexing
of automatic subsystems. Therefore, a new design had to
be selected. The existing B-1A, F-15A, and space shuttle
designs provided a design foundation. Designers had to
select modulation, method of synchronization, link
control and data protocol, and physical media.

Baseband modulation was chosen instead of carrier
modulation because of hardware complexity and the
lower bandwidth required by baseband modulation. The
link would be asynchronous (independent clocks in
terminals) and self-clocking (synchronization information
contained in message words). Studies of the trade-off of
the number of overhead bits required versus noise
immunity pointed to the unique three-bit word
synchronization that MIL-STD-1553 uses.

Bus control methods studied included both central and
distributed control. Time slot control by a central timing
mechanism was discarded as inflexible. Contention
methods for obtaining bus control were discarded
because of lack of positive control of the bus within a
predictable time. Message failure detection has always
been an outstanding feature of MIL-STD-1553.
Concerns of the high overhead to assure message
completion on a contention bus, as well as the
non-deterministic latency, contributed to the rejection of
contention. The choice of a single bus controller was left,
but the protocol made it possible to pass bus control to
any capable unit. Dynamic bus control is a rarely used
feature.
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With only one active bus controller, message formats
with minimum overhead were desirable.
Controller-to-terminal and terminal-to-controller
messages were obvious choices. The USAF and USN,
however, never agreed on broadcast message utility or
desirability. Broadcast messages were nevertheless
included. The overhead consisted of the command word
(16 bits), a delay less than one word time for the terminal
to respond with a status word, a status word (16 bits), and
parity and sync for each word.

Multiple cables were rcjected in favor of the single cable
because 1 MHz (1 Mbps) bandwidth was adequate for
control and data. At that time, 30 terminals on one cable
were adequate. The decision to transformer couple the
cable influenced the signal encoding. Manchester biphase
level encoding was chosen from among candidates that
included polar and bipolar NRZ (non-return to zero
voltage waveform), polar RZ (return to zero voltage
waveform), and unipolar level NRZ. Tests showed that a
twisted, shielded pair was adequate for the 1 MHz
transmission rate, making coaxial or triaxial lines
unnecessary. The greatest noise and fault immunity was
gained by choosing an impedance-matched and loaded
data bus for the bus connections (the impedance into a
terminal is much greater than the characteristic
impedance of the line). Common mode rejection was
attained by using balanced differential
transmitter/receivers.

3.0 MIL-STD-1553
AND SYSTEMS INTEGRATION

3.1 Range of Bus Topologies and Applications

Figure 6 presents three 1553 data bus schematics, or
“topologies,” to show that the relative position of the
BCs, back-up BCs (BBCs), and RT5 on the bus is not
significant, but that the level of control is important. The
three topologies represent typical bus configurations in
use and illustrate how the system designer may use
MIL-STD-1553. Only dual-standby-redundant buses are
illustrated, but any of the topologies could have
additional buses operating either in standby or active
redundancy.

Equipment with MIL-STD-1553 interfaces need not be
restricted to either a BC, RT, or M. BC redundancy is
essential because the data bus cannot operate without a
BC. Therefore, most designs include BBCs. The
equipment will usually contain both a BC and an RT
capability that may share common functions within the
same chip. The BC/RT capable interface provides an
effective BBC.

The Single Level bus is the most widely used, usually
with one BC, one BBC, and multiple RT5. Note that the
BC and BBC can also function as RTs. As a BBC/RT, a

unit may receive special update or coordination messages
which keep it ready to assume the BBC role if the BC
fails. The Single Level bus reliability has been well
established for all but flight-critical applications.

The Multiple Level example illustrates a single unit on
buses A and B that serves as the BBC on one bus and
the BC on the other bus. When the BBC is not
functioning as a BC, it is an RT. Multiple level bus
topologies allow more RT5 to be integrated into a system
or the system to be divided into subsystem buses with
dedicated databus functions.

The Hierarchical Levcl illustrates indirect control of a
bus through a unit which receives data on bus A and
transmits the data on either bus W1 or W2. The
command word, which the BC transmits on W1 or W2,
may be one of the words in the message received on bus
A, or it may contain its own bus controller table like any
other BC. Hierarchical Level bus topologies allow more
RT5 to be integrated into a system while maintaining
greater centralized control at the main bus level.

When compared to the BC, a BBC may be an identical, a
functionally equivalent, or a functionally less capable
unit. Of these three unit types, the identical BBC
requires the least development but may not be
economical if an expensive unit contains the BC. If one
unit connects to several buses, it may be the BBC for all
of them, in which case it is probably functionally less
capablc than any of the BCs it backs up. The BC to BBC
switch-over is automatic. The switch-over must be
designed so that no single-point failure will prevent the
switch-over and the successful operation of the back-up.
Therefore multiple mechanisms must be used: timers to
detect lack of updates; discretes to assert control; bus
activity detectors to note lack of bus activity; self-test to
verify readiness to assume control; and storing of physical
or logical address. Frequently, the switch-over will be
logically similar to start-up because the readiness to
control the bus is usually tested at start-up.

Multiple Level and Hierarchical Level topologies can
usually be designed from an existing Single Level design.
In retrofit situations, this frequently occurs and requires
the designer to accommodate RTs with varying
capabilities and possibly to include units designed to
various versions of 1553.

Each of these topologies presents successively more
difficult MIL-STD-1553 system control issues that the
designer must solve. The main ones are: (a) successful
initialization at start-up and ability to switch over to
BBC; (b) operation after RT failures; (c) message
handling and processing capacity of the BBC/BC after
failure of the BC in the Multiple Level; (d) and ability to
sustain operational capability if a BC on W1 or W2 has
failed in the Hicrarchical Level when there is no BBC.
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Figure 6. Data Bus Topology
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SINGLE LEVEL

BCs/BBCs and RTs connected to one
dual redundant bus. The BC/RT (or the
BBC/RT) are contained in one physical
unit.

MULTIPLE LEVEL

A BC on bus “B” is the BBC on bus “A.”
The BBC/RT on bus “A” and the BBC/RT
on bus “B” are contained in one
physical unit.

HIERARCHICAL

Special purpose units pass data
between two dual redundant data
buses. Each unit is an RT on bus “A” and
a BC on either “W1” or “W2.”
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3.2 Data Required to Specify the BC, RT, or M

The data bus topology, control scheme, and data transfer
requirements provide the data required to define the
MIL-STD-1553 interfaces. The application’s functional
capability will determine the requirements of the BC,
RT5, and M. Since MIL-STD-1553 does not dictate the
topology and gives the designer the option to use only
part of the protocol, the following information offers a
way to organize the decisions required to select among
the options. The result should be the bus topology and
the control scheme that will provide the basis for unit
hardware specifications and for software needed to work
with the MIL-STD-1553 equipment. The iterative steps
are: define the source and destination of all data;
establish the bus topology; choose the level and detail of
the control of messages; choose the mode codes to be
used to assist in control of messages; choose the design
options for the BC and RT.

First, the designer determines the source and destination
of each data item. To complete this step, the designer
must know what processing and computations will be
performed with the data. The designer must define each
individual data transfer, which may be a message, several
messages, or part of a message. The definition includes:
the function performed that creates the source; the
function performed by the using process (only data
transmitted on the bus is discussed here); the data
definition in 16-bit words; the iteration rate if it is
periodic data; the conditional events if it is aperiodic
data; the allowable latency; the conditional events related
to transmission of the data (such as mission modes or
demands); and the error handling, if it affects
transmission of data.

When choosing a topology, the designer’s main
considerations usually include the redundancy and
isolation requirements, required use of existing
equipment (usually RT5), and cost. Within cost
constraints, bus loading should be less than 50 percent
with less than 15 physical units on one bus. The lessons
learned during the establishment of bus topology for
previous MIL-STD-1553 systems can be a valuable
information resource.

RTs and BCs on a 1553 bus are the sources and users of
data transmitted on the bus. RT5 that are not BBCs may
be primarily data sources (such as a primary sensor) or
primarily data users (such as a display). A MIL-STD-1553
system will always use either RT-to-BC messages or
RT-to-RT messages to transmit RT data from source to
user. Since it controls the messages, the BC, as a
computational unit, is almost always key to data use. If
another RT, not the BC, uses data, the RT*to-RT message
is more efficient. Finally, the broadcast message should
be considered if a system requires BC coordination
among several RTS or if more than one RT uses the same
data. Designers will establish message lists that BCs will
use to supply the data needs of the system.

The Standard permits a multiplex topology and control
design without mode codes. Few existing systems use no
mode codes because mode codes increase bus loading
efficiency.

The following table shows some common mode code
uses. Some RT5 in a system are incapable of responding
to some mode codes. The designer can specify not to
send mode commands to an RT that is incapable of
responding to them.

USE

MODE CODES

Time synchronization of RTs

Synchronize
Synchronize with data word

Polling RT5 to determine status

Transmit Status word

No Status word received from an RT

Transmit Status word

Busy bit set in Status word

Transmit last command

No response on a bus from an RT

Transmit Status word
Initiate self-test
Reset remote terminal
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Some MIL-STD-1553 requirements may only be
implemented in hardware due to the timing requirements
(for example, the maximum no response time-out that a
BC may wait for an RT status word). Additional
hardware features in some manufacturer’s terminal
hardware assist the message designer, simplify the
software, and decrease the number of times a BC
processor is interrupted to handle an exception. An
example is the capability to set the number of retries and
automatically retry a message on the same bus or
redundant bus if a time-out occurs. Therefore the
designer must also know the special capabilities of the
1553 hardware used.

MIL-STD-1553 system documentation is completed
when each bit of each word in each message is
documented. MIL-HDBK-1553A, Section 80 gives
formats for all of the commonly used data (e.g.,
acceleration, angular measurement, angular acceleration,
velocity, voltage). Section 80 gives format
recommendations for message documentation including
the source, destination, message type, and word count.
Because this type of information requires great detail, it
is contained in a separate document controlled by
configuration management. This information is usually
called an Interface Control Document (ICD) or it is part
of an Interface Specification. Buyer’s specifications or
statements of work frequently reference these
documents.

3.3 Typical System Product Qualification

Referenced to MIL-STD-1553
MIL-STD-1553 systems are typically installed in
production vehicles by large aerospace companies or the
DoD. The vehicles frequently use units with
MIL-STD-1553 interfaces acquired from companies that
specialize in units such as sensors, displays, and mission
computers. Such companies usually supply the units,
particularly RTs, with all software or firmware included.
To comply with a buyer’s request for equipment with a
MIL-STD-1553 interface, the designer must have access
to the interface specification or control document. The
designer also needs additional data bus systems
information. The designer of a unit with a
MIL-STD-1553 interface must understand the user’s
requirements before selecting the interface hardware and
the subsystem-to-interface design and establishing the
software requirements.

MIL-STD-1553 system testing usually includes
component tests, integration tests in a system integration
laboratory, and system tests in the vehicle. Suppliers of
units with MIL-STD-1553 interfaces will conduct three
complete test cycles: in their own laboratory; in the
system engineering laboratory; and in vehicle test. In
addition to conducting these tests and demonstrations,
the subsystem designer should be able to verify that the
unit with the MIL-STD-1553 interface satisfies the test
requirements in the RT Validation Test Plan.

3.4 RT Validation Test Plan and Other Test Plans
MIL-HDBK-1553A documents the comprehensive RT
Validation Test Plan. The plan says “a remote terminal is
considered to have failed ...if (it) fails any test...(of) this
test plan.” The plan is therefore the only correct
interpretation of any optional or mandatory
MIL-STD-1553B requirement. The plan covers 1553B,
1553B Notice 1, and 1553B Notice 2. It describes the test
procedure, the measurements to be made, the number of
test iterations (repetitions of a single test), and the
acceptable responses. The plan includes many
combinations of valid MIL-STD-1553 conditions, such as
measurement of the message gap over a 30-second
period for each of 12 messages.

At the USAF’s request, the SAE prepared the RT
Validation Test Plan. The SAE has published RT
production test plans; validation and production plans; M
test plans; coupler, terminator, and cable test plans; and
1553 data bus systems test plans. These and additional
1553-related publications are available from the SAE, 400
Commonwealth Drive, Warrendale, PA 15096-0001.

4.0 DESIGN CONSIDERATIONS FOR
MIL-STD-1553 INTERFACES

The designer may choose LSI, VLSI, or hybrid
MIL-STD-1553 components from several manufacturers.
This section deals with the design issues and
considerations the designer must consider prior to
selecting these components. The most common
components are transceivers, transformers,
encoder-decoders, and protocol devices. Although many
of the MIL-STD-1553 components available today
incorporate all of the Standard’s options, the correct use
of these components remains a significant design effort.

4.1 Systems Requirements

The first goal of any design involves understanding and
meeting the system requirements. The 1553 interface
designer must know the following: (a) what versions and
notices of MIL-STD-1553 are included in the system
requirements; (b) what options in those versions and
notices have been selected for use; and (c) how to ensure
that the selected options are implemented in the design.

New designs should conform to MIL-STD-1553B, Notice
2, the latest released version of the Standard. Notice 2
defines a minimum set of requirements that all terminals
must implement and specifies how to implement some
options, such as status word bits and mode codes. Since
Notice 2 defines only a minimum set of options,
designers should consider all the options in the Standard.

4.2.Terminal Definition

The MIL-STD-1553 text defines the terminal as “the
electronic module necessary to interface the data bus
with the subsystem and the subsystem with the data bus.”
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A typical terminal consists of the following elements: a
transceiver, an encoder/decoder, protocol logic, data
buffer(s) or memory, and a subsystem interface. Figure 7
shows a block diagram of a typical terminal. The terminal
is the only electronics necessary to transfer data between
the data user and the data bus. In figure 7, the dashed
line defines the “terminal.” Any processor that has other
duties besides controlling the MIL-STD-1553 interface
electronics would also be considered part of the
subsystem.

4.3 Terminal Functions

Some companies manufacture a single MIL-STD-1553
interface circuit that can perform all terminal functions.
In this case, the subsystem interface has features which
allow the selection of the terminal function. A
multi-function terminal will often reduce the number of
components.

If the terminal being designed must be capable of
performing as the BC, the designer must know if the
terminal must also operate as a BBC. When functioning
as the active BBC, it can obtain data from the terminals
in the data bus system by performing as an RT, receiving
data from the BC; or it can act as an M, collecting data
from selected messages “listened to” on the bus; or it can
be idle, performing no function until it becomes the
active controller. Provision for these capabilities, if
required, must be part of the design.

The designer must know the protocol to which the
terminal is interfacing and whether the design must
accommodate multiple versions of the Standard. Some
early aircraft data bus designs do not conform to any
version of the Standard, further complicating the design.
The designer may solve the electrical differences
between the versions by correctly selecting the analog
devices (e.g., transceiver and transformer). The protocol
differences, however, may require specialized designs.
Some available components implement the protocol of
only a single version of the Standard, while others
implement the protocols of all versions and notices of the
Standard. Table 1 compares 1553A, 1553B, Notice 1, and
Notice 2.

The designer must also know the subsystem interface to
the terminal. For RT5, the interface may be hardware
registers; a direct memory access (DMA) into private,
local, or global memory; a dual or multi-port memory; or
a memory register (e.g., a first-in first-out (FIFO)
memory). For BCs and Ms, the interface is usually a
microprocessor or a large memory system.

The designer must also consider both the software
requirements and the physical hardware design in
MIL-STD-1553 terminals, specifically the BC. System
control considerations are derived from requirements
allocated to software to support the missions, transfer

data, control the data bus, handle errors and failures, and
manage the data bus hardware and software interface.
System control includes the data bus system hardware
and software as well as the interface to the application
software.

4.4 Terminal Design Issues

The following paragraphs present options from the
Standard that the designer should consider in the
terminal design.

4.4.1 Mode Commands

Most protocol logic components available today handle
all of the mode commands. The designer needs to know
which mode commands to implement. Notice 2 to the
Standard requires that a minimum of four mode
commands be implemented: Transmit Status Word,
Transmitter Shutdown, Override Transmitter Shutdown,
and Reset Remote Terminal.

Mode command transactions are automatic and are
usually transparent to the subsystem. For example, there
is no need for the subsystem to know that the Transmit
Status Word Mode Command was received (although
most components allow an interrupt to the subsystem
host to be generated upon receipt of any mode
command). However, for mode commands which have
data associated with them, such as Synchronize with Data
Word or Transmit Vector Word, the subsystem should be
informed immediately. The subsystem processor should
also be informed upon receipt of the Reset Remote
Terminal and Initiate Self-Test mode commands. Notice 2
to the Standard imposes timing constraints upon these
two mode commands; the subsystem processor (or logic)
may be required to assist in their implementation.

4.4.2 Status Word Bits

Like the mode commands, most protocol components
available automatically handle the status word bits and
the response of the status word. In most cases, the
subsystem can examine the status word by reading a
register (a BC-unique requirement). The design must
address the Notice 2 to the Standard restrictions on the
use of the Busy bit (an RT-unique requirement). The
hardware and software design issues usually determine
the method used to set the status word bits. For example,
the designer may use a hardware timer, reset periodically
by applications software, to set the subsystem flag if the
timer expires.

4.4.3 Terminal Address Selection

The Standard allows the terminal address to be set either
from inputs hardwired directly to the encoder/decoder or
by changeable software via a register read by the
encoder/decoder. Notice 2 to the Standard requires that
the address is programmed external to the terminal
(usually by cable wiring). Notice 2 also requires a validity
test (usually a parity test), on the terminal address.
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Figure 7. Terminal Block Diagram

4.4.4 Extended Subaddressing

RT subaddresses map data to specific memory locations.
Subaddresses within an RT are limited to 30 transmit and
30 receive messages. The 32 data words per message limit
means only 960 unique data words may be transferred in
each direction (transmitted and received). In complex
subsystems and for BBCs operating as RT5, this
restriction usually provides insufficient data transfer
space. Therefore the subaddress range must be extended
to accommodate more data. Changing an address pointer
to allow the addressing of multiple sets of subaddresses
in memory will extend the subaddress range.

Two methods can implement this concept. The first
dedicates one of the existing subaddresses for subaddress
location change. The second, the preferred method, uses
the data word associated with the Synchronize with Data
Word mode command. The receipt of a Synchronize
Mode Command with data word interrupts the subsystem
processor. The data word contents determine a value for
the memory area that the terminal addresses for data
transfer. The design requirements include the “glue
logic” and software/firmware implementation. During the
early design stages, the designer must define the
subaddress mapping to determine if the data storage is
adequate or if the design requires additional
subaddressing.

4.4.5 Subaddress Restrictions

For the most part, the designer defines the use of
subaddresses (SA). Notice 2 to the Standard suggests that
SA30 be reserved for “data wrap-around” testing. If the
Instrumentation bit in the status word is used, the
designer can only use the upper sixteen subaddresses
(SA16-SA30). This implementation, however, limits the
amount of data that can be transferred without an
extended subaddress scheme. Designers who implement
terminals for MIL-STD-1760 will also find that the
Standard imposes further restrictions upon subaddress
uses.

4.4.6 lllegal Command Detection

If implemented, illegal command detection should at
least be provided for each subaddress. Additional
features could monitor unused, reserved, and undefined
mode commands.

4.4.7 Broadcast Mode Commands

Notice 2 to the Standard restricts broadcast mode
commands. The designer must carefully examine
requirements to determine which broadcast mode
commands to allow (e.g., a Broadcast Reset Remote
Terminal could have disastrous effects if issued in a
flight-critical situation).
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4.4.8 Data Validity and Status Word Bits
MIL-STD-1553’s protocol and electrical requirements
provide strict conditions and control for message and
data word validation. However, cases where bad data
passes all validity tests may occur (e.g., when the data
received has the associated terminal’s status word with
the Subsystem Flag bit set). The RT’s interface circuitry
does not examine and analyze data; it merely moves it
across the data bus. When the RT receives a valid
message, the data should be passed to the subsystem and
applications software. The terminal should also save the
status word bits associated with the data so the software
can determine if the data should be used. The protocol
component should store each received status word in
memory locations that the applications software can
access and that are separate from the data message.

4.5 Bus Controller Issues

A terminal that functions as the BC should attempt to
“off load” the subsystem host processor by reducing
processor interrupts that service the terminal. This
operation implies that the terminal possess its own logic
and data bus system software for handling frequently
occurring tasks. A good BC should provide the following
functions: multiple message processing, multiple protocol
processing, automatic polling of status words, automatic
retries on errors, and programmable interrupts. The
requirement for the BC to have some autonomous
intelligence often requires a unique BC protocol logic
design. For this reason, various companies offer devices
specifically for the BC function.

4.5.1 Message Processing

Multiple message processing is the ability to chain
messages without interrupting the host application
software. A BC protocol component should offer
multiple message processing with as many message
scenarios as possible. The scenarios include periodic and
aperiodic message lists, and functional message lists such
as initialization, operational modes, and failure handling.
A powerful BC can also interrupt a message list chain (at
the completion of a message only) and modify the list for
special situations such as response to a vector word
received from an RT or for time-critical message
transmission. The designer should also provide message
sequences for error recovery or system reconfiguration
resulting from an error. A powerful BC will
accommodate top-level software task managers or error
handlers within the subsystem to change the bus
communications by changing only a pointer to a new
message list. Less powerful BCs may do the same thing
by changing multiple message pointers in the current
message sequence or changing bits in each message
control word to indicate a “skip.”

4.5.2 Automatic Retry

The protocol component design should allow the
automatic retry of a message before the next message is
sent. A powerful BC component allows a control word to
define the message chaining and retries for each
message. Retries should be programmable based upon
either a no-response or the setting of the Message Error

or Busy bit in the status word. Retries should be
programmable on a message-by-message basis. A
powerful BC can usually perform two retries on the same
or redundant data bus. However, a single retry on the
opposite data bus is usually sufficient.

4.5.3 Error Processing

Application software handles nearly all of the error
processing functions. The BC’s amount or level of error
processing often determines its power. The protocol
component should have the intelligence and capability to
detect problems and either to handle them itself (e.g.,
auto retry) or to report them to the subsystem host
processor via an interrupt. The ability to switch message
lists easily allows the designer to “dynamically
reconfigure” the data bus system by inserting or
removing messages.

4.5.4 Mode Commands

The Standard provides mode commands to help the BC
control and manage the data bus system. The commands
provide the ability to turn terminals on or off, reset them
to a known state, test them and determine the results of
those tests, “poll” them to determine particular needs or
status, and synchronize them to each other or to some
unit of measure (c.g., time or frame count). The designer
should use these mode commands to help manage the
data bus system. For example, a single Synchronize with
Data Word mode command can reset all clocks or timers
in all terminals to the same value.

A good design includes the capability to determine which
mode commands have been implemented. If a wide range
of commands is used (as is typical for terminals designed
prior to Notice 2), then the designer has two options.
First, to simplify the bus control logic, the designer can
use the minimum set of commands used by all terminals.
This option, however, may result in no or few mode
commands available for use. Second, the designer may
track mode command implementation on a terminal by
terminal basis. Although this option maximizes bus
control flexibility, it requires complex bus control logic to
determine which commands each terminal implements.
The designer must evaluate the need for maximum bus
control versus the cost of the bus control complexity.

4.5.5 Status Word Bits

The BC uses the terminal’s status word to determine the
RT’s condition and data validity. Certain status bits are
solely for use by the BC, while others are important to
the applications software. The application software uses
the Subsystem Flag, Service Request, and Busy bits.

4.5.6. Multiple Protocols

Each version of the Standard has a different protocol.
Consequently, existing and new systems may include
“mixed protocols.” For example, an avionics upgrade to
an aircraft may require both MIL-STD-1553B and
MIL-STD-1553A RTs. Upon error detection, a
MIL-STD-1553A RT always responds with its status word
but a MIL-STD-1553B RT always suppresses its status
word. The BC logic must decode the status word address
so0 it can respond to the messages and status words
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accordingly. Today certain MIL-STD-1553 components
provide the capability to handle mixed protocols.

4.5.7 Backup Bus Controllers

While the primary BC must receive information on the
configuration and status of the data bus system, the BBC
must receive information on the system status. The
designer can use numerous methods to transfer this data
to the BBC. The BBC can operate as an RT with the BC
periodically sending it data; as an M, collecting the data
it needs; and as an RT with all data transfers being
RT-RT and with the BBC as the sending or receiving
terminal (depending on the direction of data flow). Any
of these methods can be used as long as the BBC
receives the data necessary to allow a smooth transition
to occur. The designer must provide the BBC with the
hardware and software to manage this incoming data.

4.6 Monitor Issues

The Standard only allows two cases for the M: as a “data
collector,” or as a BBC. For the data collector, the
Standard states that “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).” When functioning as an
M, the BBC may collect data as necessary to determine
system status. The protocol component should be
selectively programmed to monitor messages on a
terminal-by-terminal basis and to store that information
sequentially.

4.6.1 Amount of Data

For the data collector applications, the M designer must
first address the subsystem host processor’s ability to
move the data to a bulk storage device. Very large
amounts of data can be collected. The system control
data collected is later correlated to the data in messages.
This information includes data pointers, command words,
status words, and control words that provide error and
bus information regarding the collected message. The
designer must also ensure that the subsystem (i.e., the
interface to the bulk storage device) can transfer the data
without losing any of the data being monitored.

4.6.2 Error Codes

The system should also store the command words and
status words for each message. In addition, for
post-analysis, the system should store the flags that
indicate on which bus the message occurred and if an
error occurred. Stored information should also include a
time tag so messages can be reconstructed.

4.6.3 Backup Bus Controller

For terminals functioning as a BBC and collecting data
as an M, data collection is not as critical. Typically, the
BBC/M needs to retain data to determine the system
status. Only the most current messages and the status of
the RT’s health are important so that the subsystem need
not move large amounts of data. A terminal operating as
an M does not need the BC’s error handling capability
until it begins to function as a BBC.

4.7 Transceiver Issues

In addition to selecting the proper encoder/decoder and
protocol logic, the designer must select a transceiver to
provide the analog interface to the data bus. Typical
concerns regarding the transceiver are listed below.

4.7.1 Idle State

Different transceivers require and provide different logic
levels on the transmit and receive TTL input and output
lines for the Manchester idle state. For this Manchester
encoding state, the idle level should be two “high” or two
“low” states. Therefore, the designer must ensure that
the requirements of the selected encoder/decoder chip
match those of the selected transceiver. These lines
typically impact the transceiver turn-on and shut-off.

4.7.2 Power Supply Loading and Power Dissipation

As with all electronic components, the designer must
define the power supply loading and power dissipation
needs. The system must provide proper decoupling of the
power lines close to the transceiver and adequate heat
sinking. Most transceiver power characteristics have a
duty cycle rating of 25%. The power supply and heat
sinking should sustain this value. However, the system
may require RT5 in BCs and BBCs to output data at a
much higher duty cycle. Designers should evaluate the
system data transmission requirements to establish the

duty cycle.

4.7.3 Voltage Drive Versus Current Drive

Two types of transceiver drive circuits exist: voltage drive
and current drive. Both are available and used in existing
terminal designs. Arguments can be made for either type.
MIL-STD-1760 stores management applications should
use the voltage drive transceiver. The designer must
determine which is better suited for the design.

4.7.4 Circuit Layout

Data bus characteristics contain requirements which
include the terminal interface. These characteristics
affect the transceiver and the encoder/decoder design.
The Standard carefully defines the requirements for
cabling and termination. The circuit layout must prevent
any imbalances of this impedance. The transceiver should
be located in an area that allows equal length and width
of traces to the transformer and to the encoder/decoder
chip. Ground plane geometry and layout are important in
reducing stray capacitance due to signal delays or rise
and fall time skewing and in avoiding crosstalk or
coupling from other signal traces.

4.7.5 Coupling Methodology

The Standard provides two ways to connect the terminal
to the data bus: direct and transformer coupling. Notice 2
to the Standard requires that USAF and Army
applications use only transformer coupling and that USN
applications use both methods. The designer must be
certain that the terminal provides proper voltages for the
methods used. Also, use of both methods requires
careful attention to stub isolation and termination design.
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4.8 Subsystem Interface Issues

The designer must define the subsystem interface at the
onset of the design. Some components available today
provide the maximum flexibility in subsystem interface
design. The interface may be private or global memory
accessed via a DMA scheme, a FIFO memory buffer,
multi-port access to private memory, or direct
connections to some I/O register or port. Even though
the Standard imposes no requirements on the subsystem
itself, MIL-STD-1553 requirements set the amount of
time it takes to transfer data to and from the subsystem.

4.8.1 Memory/Data Timing

A terminal must be able to pass data either to or from its
subsystem so it is ready to process the next command on
the bus. This requirement applies only to RTs and Ms,
since the BC controls the bus and may operate at any
speed necessary to interface with its subsystem. For a
receive command, the terminal has approximately 56 ps
to either pass the data to the subsystem or to buffer the
data in memory. For a transmit command, the terminal
must be able to retrieve the desired data (at least the
first word) within approximately 28 ps.

4.8.2 Sample Consistency

When transmitting data, the terminal software must
ensure that all data transmitted within the same message
is from the sample set. A good protocol logic design will
provide double buffering of transmitted data to help
ensure sample consistency. Many systems also use double
buffering for receive messages.

4.8.3 Host Processor Interface

The protocol chip selected should provide the maximum
amount of intelligence to the terminal electronics and
thereby allow the maximum off-loading of the subsystem
host processor. The designer should use this intelligence
to establish interrupt criteria. Unnecessary interrupts
should be eliminated.

4.9 Gateways

Gateways are special terminals, usually composed of two
RT5 or one RT and one BC, that provide a data path
between two independent data bus systems. Figure 8 is
an example of such a gateway. The data (or portions of
it) received in a message on one of the data bus systems
is transferred to a area of shared memory.

4.9.1 Data Formats

When data is transferred between terminals, differences
in data word formats must be recognized. For example,
the meaning of bit “4” in word “6” must be the same for
both terminals. If the meanings are different, the data
must be scaled or reformatted. The BC usually performs
this task. However, for gateway applications, the
subsystem within the gateway may be required to
manipulate the data. The designer must examine the
data word formats for each word transferred between
buses to ensure that no reformatting is necessary.

4.9.2 Data Latency

Use of gateways can cause concern due to data latency
incurred by moving the data between buses. Data latency
occurs because when the subsystem processor moves the
data or changes data location pointers, the two data
buses operate asynchronously. If data latency is a
concern, two easy solutions exist. The first solution
synchronizes the two buses so that the receive and
transmit commands from the two BCs are established.
The second solution time-tags the data. Transferring a
time-tag with the data (assuming that the gateway added
the time-tag and not the originator), reduces the number
of data words the gateway can output.

4.9.3 MIL-STD-1760 Gateways

MIL-STD-1760 limits the gateways used as BCs for
stores management buses to the transfer of 30 data words
on the stores bus. (Note that MIL-STD-1553 allows 32
data words.) MIL-STD-1760 provides a two-data-word
overhead to handle the transfer of messages between the
higher-level BC (1553 bus) and the lower-level BC on
the stores bus.

4.10 MIL-STD-1760 Design Issues

Designers dealing with MIL-STD-1760 have additional
restrictions and limitations placed on the terminal design.
These include restrictions on data word count,
restrictions on subaddress utilization, and differences in
the transceiver output voltages. The subystem host
processor can handle the first two of these restrictions.
The transceiver must meet MIL-STD-1760 voltage
requirements. MIL-STD-1760 terminal designers should
pay close attention to the 1760 Standard “logic” section
which provides the message sequencing, timing, and data
definitions.

MULTIPLEX DATA BUS SYSTEM 2

A
B

1553 REMOTE TERMINAL

SUBSYSTEM
COMMON MEMORY

1553 REMOTE TERMINAL
A
B

MULTIPLEX DATA BUS SYSTEM 2

Figure 8. Gateway
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4.11 Overview of MIL-STD-1553 Versions and Notices
The first Standard was issued in August 1973 for the
USAF only. In April 1975, DoD released a coordinated
tri-service revision (1553A) to provide wider application
and standardization. Table 1 uses the tri-service Standard
(1553A) as the basis to track 1553B (September 1978),
Notice 1 to 1553B (February 1980), and Notice 2 to 1553B
(September 1986). Today the DoD Standard is
MIL-STD-1553B as modified by Notice 2. Because
Notice 2 completely replaces Notice 1, only the
additional requirements of Notice 2 supersede 1553B if
Notice 2 is a requirement.

Table 1is divided into three parts, each starting with
1553A as a baseline and showing changes to arrive at
1553B, 1553B Notice 1, and 1553B Notice 2. Table 1 -
Part 1 tabulates and condenses many of the design
parameters into a quick reference table. The designer
who must consider systems using terminals of different
vintage or the designer who must design to multiple
standard versions can compare requirements using this
table. The table is separated into a protocol section
including message format, command word, status word,
and data word and into a message validation list of
requirements. Table 1 - Part 2 is divided into parameters
for a terminal operating in a system with transformer
coupled stubs versus direct coupled stubs. Table 1 -

Part 3 is a collection of general requirements. This series
of tables summarizes differences and does not represent
a complete set of requirements. Designers should consult
the appropriate MIL-STD-1553 version or notice for
complete requirement descriptions.

4.12 Summary

This section covered the important design concerns the

systems designer must address prior to selection of 1553

design components and implementation of the |
requirements of a MIL-STD-1553 or MIL-STD-1760

terminal. Manufacturers will provide the actual

technique to use to interface selected 1553 components

to particular subsystems.

MIL-HDBK-1553A contains additional information
regarding issues discussed in this section.

The Validation Test Plans provide the ultimate asessment
of a terminal’s design integrity. Consult these Test Plans
whenever a question regarding the interpretation of the
Standard arises. In this respect, by providing the designer
with the test methods, the Test Plans establish detailed
terminal design requirements.
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Table 1. Standards Comparison - Part 1

REQUIREMENTS 1553A 1553B NOTICE 1 NOTICE 2
Message Formats, Non-Broadcast
RT-to-BC Optional Optional Required
BC-to-RT Optional Optional Required
RT-to-RT Optional Optional Required
Mode Code Dynamic Bus Only Optional Restricted Restricted
without Data Word
Mode Code with Data Not Defined Optional
Message Formats, Broadcast:
BC-to-RTs Not Defined Optional
RT-to RTs Not Defined Optional
Mode Code Not Defined Optional
without Data Word
Mode Code with Data Word | Not Defined Optional
Mode Code Indicator (replaces | 00000 00000 or 11111
subaddress) NOTE 1
T/R Bit if Mode Code Not Specified If no Data =1
If Data 1=xmit,
O0=receive
Assigned Mode Codes:
00000 Dynamic Bus Allocation | Dynamic Bus Control Not allowed Not
allowed
NOTE 2 for USAF for DoD
00001 Not Specified Synchronize without
Data Word
00010 Not Specified Transmit Status Required
Word NOTE 3
00011 Not Specified Initiate Self-Test 100 ms
00100 Not Specified Transmitter Shutdown Required
00101 Not Specified Override Transmitter Required
Shutdown
00110 Not Specified Inhibit Terminal Flag Not Allowed
for USAF
00111 Not Specified Override Inhibit Not Allowed
Terminal Flag for USAF
01000 Not Specified Reset Remote Sms
Terminal
01001 - 01111 Not Specified Reserved
10000 Not Specified Transmit Vector Word
10001 Not Specified Synchronize with
Data Word
10010 Not Specified Transmit Last
Command Word
10011 Not Specified Transmit BIT Word
10100 Not Specified Selected Transmitter Not
Defined
Shutdown for Dual
Redun-
dancy
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10101 Not Specified Override Selected Not
Defined
Transmitter for Dual
Shutdown Redun-
dancy
10110 - 11111 Not Specified Reserved Status
Word Bit
Definitions:
Bit9 Message Error Message Error Required Required
Bit 10 User Defined NOTE 4 Instrumentation Zero Zero
Bit 11 User Defined NOTE 4 Service Request Optional
Bit 12 User Defined NOTE 4 Reserved Zero Zero
Bit 13 User Defined NOTE 4 Reserved Zero Zero
Bit 14 User Defined NOTE 4 Reserved Zero Zero
Bit 15 User Defined NOTE 4 Broadcast Command If Broad-
cast
Received is used
Bit 16 User Defined NOTE 4 Busy Restricted
Bit 17 User Defined NOTE 4 Subsystem Flag If BIT
Bit 18 User Defined NOTE 4 Dynamic Bus Control Not
. allowed
Acceptance for USAF
Bit 19 Terminal Flag Terminal Flag If Self-Test
Notes:
1. 11111 Used with Instrumentation bit in status word.
2. In 1553B, implementation and/or use is optional.
3. Means it is a required capability of the hardware.
4. Impact upon BC design due to different RIS having different requirements.
5. Status word requirement change from 1553A in status word bit settings and status word transmission.
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Table 1. Standard Comparison - Part 2

REQUIREMENTS 1553A 15538 NOTICE 1 NOTICE 2
RT5 - Transformer Coupled Stubs
Stub Length 20 ft. 20 ft. (suggested)
Stub Input Voltage Not Specified 1.0-14.0V
Isolation Resistor 0.75 Zo + 5% 0.75Zo +/- 2%
Transfmr Open Ckt Impedance | Not Specified 3 Kohms (75 KHz-
1 MHz)
Cable Coupling Shielded Coupler Box Min 75% Min 90 % 360° Min
75%
Transfmr Turns Ratio Not Specified 1:1.41+/- 3%
Transfmr Waveform Integrity
Droop Not Specified 20%
Overshoot and Ringing Not Specified 1.0 V peak
Common Mode Rejection | Not Specified 45dB at 1 MHz
Output Waveform Requirements| Trapezoid Trapezoid
Output Voltage Level 6.0-20.0 Vpp 1-1 18.0-27.0 Vpp I-1
Output Level with fault 1.0-20.0 Vpp I-1 1.0-14.0 Vpp I-1
Max Zero-Crossing 25 ns 25 ns
Deviation
Rise/Fall Time 100 ns or greater 100-300 ns
Max Distortion Not Specified +/- 900 mVp 1-1
Output Noise 10 mVpp 14 mV rms +/- 250
mVp -1
NOTE 6
Output Symmetry Not Specified +/- 250 mVpp 1-1
Input Waveform Requirements | Square to Sinewave Square to Sinewave
Input Signal Level 1.0-20.0 Vpp 11 0.86-14.0 Vpp 1-1

Common Mode
Rejection @ RT

Max Zero-Crossing
Deviation

Common Mode Rejection
@ Bus

No Response Input Level
Input Impedance

Noise Rejection

Message Rejection

Electrical Isolation
between Data Buses

RT5 - Direct Coupled Stubs
Stub Length
Stub Input Voltage
Isolation Resistors
Cable Coupling

Output Waveform
Requirements

Output Voltage Level
Qutput Level with RT Fault

Not Specified
Not Specified
10.0 V 1-g (dc-2 MHz)

Not Specified

2000 ohms

1 Error in 10E12 bits
1 Error in 10E6 Mgs
Not Specified

11t.

1.0-20.0 Vpp

0.75 Zo +/- 5%
Shielded Coupler Box
Trapezoid

6.0-20.0 Vpp 1-1
1.0-20.0 Vpp 1-1

10.0 V 1-g (dc-2 MHz)
150 ns
Not Specified

0.0-0.2 Vpp 1-1

1000 ohms

1 Error in 10E7 words
Not Specified

435dB

Max 1 ft.
1.4-20.0 Vpp
55 + 2%
Min 75%
Trapezoid

6.0-9.0 Vpp I-1
1.4-20.0 Vpp 1-1
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Max Zero-Crossing
Deviation

Rise/Fall Time
Max Distortion
Output Noise

Output Symmetry
Input Waveform
Input Voltage Level
Common Mode Rejection

Max Zero-Crossing
Deviation

25 ns

100 ns or greater
Not Specified
10 mV p-p

Not Specified

Square to Sinewave
1.0-20.0 Vpp 11

+/- 10 V 1-g (dc-2 MHz)
Not Specified

25 ns

100-300 ns
300 mV peak 1-1
5mV rms

+/-90 mVp I-1

Square to Sinewave
1.2-20.0 Vpp I-1

+/- 10 V 1-g (dc-2 MHz)
+/- 150 ns

+/-90
mVp -1
NOTE 6

No Response Input Level Not Specified 0.0-0.28 Vpp 1-1
Input Impedance 2000 ohms 2000 ohms
Noise Rejection 1 Error in 10E12 bits 1 Error in 10E7 words
Message Rejection 1 Error in 10E6 Msg Not Specified
Electrical Isolation between | Not Specified 45dB
Data Buses

Note:

6. Power On/Off noise.
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Table 1. Standard Comparison - Part 3

REQUIREMENTS 1553A 1553B NOTICE 1 NOTICE 2
Transmission Bit Ratepled Stubs | 1 Mbit/sec 1 Mbit/sec
Short Term Stability 0.001% 0.01% 0.001 or 0.01%
Long Term Stability 0.01% 0.1% 0.01 or 0.1%
Transmission Continuity Required
Transmission Fail Safe (cutoff) 660 ps 800 us
Superseding Valid Command Required Required
Invalid Data Rejection Required Required
Parity Odd Odd
Cable, twisted, shielded, jacketed | Required Required
Twists 12/ft. 4/ft.
Shield Coverage 80% 75% 90% Min 90% Min
Characteristic Impedance Zqg 70 +/- 10 % (1 MHz) 70-85 (1 MHz) 70-85 (1 MHz)| 70-85
(1 MHz)
Attenuation 1dB/100 ft. (1 MHz) 1.5 dB/100 ft. (1 MHz)
Length 300 ft. Not Specified
Capacitance 30 pF/ft. 30 pF/ft.
Stub Failure Bus Impedance | 1.5 Zo 1.5Zo
Termination Characteristic Characteristic
Impedance Impedance
Connector Specified Not Specified
Connector Polarity Not Specified Not Specified Not Specified | Required
NOTE 7
Redundant Data Buses Not Specified Optional Required Required
Unique Address for RT Not Specified Not Specified Not Specified | Required
(external to RT)
Data Wrap-around Not Specified Not Specified Not Specified | Required
RT-RT Validation Timing Not Specified Not Specified Not Specified | 57 +/-3 us
Referenced Documents MIL-STD-442 MIL-E-6051
MIL-STD-461
MIL-STD-462
MIL-E-6051

Note:

7. Positive (high) - center pin; negative (low) - inner ring.
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INTRODUCTION

The following section discusses the individual hardware
architectures used to implement UTMC'’s family of
BCRT products (i.e., BCRT, BCRTM, and BCRTMP).
Examined in this section are the bus controller (BC),
remote terminal (RT), and monitor terminal (M)
functions of these devices. The intent of this section is to
give the reader an understanding of the various modes of
operation.

Architecture descriptions include register usage,
interrupt structures, message processing, error recording,
DMA activity, and timing diagrams. For detailed timing,
pin-outs, or bit descriptions reference the applicable data
sheet.

1.0 REMOTE TERMINAL ARCHITECTURE

A similar architecture implements the RT mode of
operation for the BCRT, BCRTM, and BCRTMP. The RT
is an interface device linking a serial bus and a host
microprocessor/subsystem. The serial bus for the BCRT

1.1 Register File

or BCRTM is MIL-STD-1553B. The BCRTMP allows
interface to a number of serial buses (reference the data
sheet for more detail). The interface includes the
following logic blocks: encoder/decoder, error and
command recognition (RT-protocol), bus transfer, built-in
test, register file, DMA control, interrupt handler,
timers, and clock reset.

The UTMC RT family provides all protocol, data
handling, message error checking, and memory control
functions. Discussed in this section are the following
features and functions of the RT:

64K x 16 of external address space
Two-level interrupt structure
Built-in self test

Message buffering

Message time-tagging

Mode codes

Illegal command decoding

Error detection and message status
reporting

- Illegal command decoding

- Flexible system interface

[ T T T T B B

The RT is a register-based architecture configured for operation via a series of register writes. Not all of the internal
registers are applicable for RT-mode operation. The RT register file consists of the following registers and decode bits.
For all registers bit 15 is the most significant bit, bit 0 the least significant bit.

Register Decode Register Decode
BCRT/BCRTMP BCRTM
Register Name A(3:0) A(4:0)

Control 0000 00000
Status 0001 00001
Descriptor Address 0010 00010
BIT Word 0100 00100
Current Command 0101 00101
Interrupt Log List Pointer 0110 00110
High-Priority Interrupt Enable 0111 00111
High-Priority Interrupt Status/Reset 1000 01000
Standard Interrupt Enable 1001 01001
Remote Terminal Address 1010 01010
BIT Start Command 1011 01011
Reset Command 1100 01100
RT Timer Reset Command 1101 01101
Bus Monitor Control N/A 01110
Activity Status/Operational Mode 1110 (1) N/A
Programmable Status/Last Status Word 1111 (1) N/A

Note:
1. BCRTMP only.
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1.1.1 Control Register
In the RT mode operation use the following Control Register bits to enable the device for operation.

Bit Programmed

Number Name Read Write Reset

0 Start Enable No Yes 0

7 Channel A Enable Yes Yes U@

8 Channel B Enable Yes Yes U

10 BC or RT Select No Yes U

11 Enable External Override Yes Yes U

12 Remote Terminal Time Out (1, 2) Yes Yes U

13 Subaddress 31 (2) Yes Yes U

14 RT-Address 31 (2) Yes Yes 19)

Notes:

1. Applicable to BCRTMP only.

2. Applicable to BCRTM only.

3. U = unaffected by programmed reset.

1.1.2 Status Register
This read-only register reflects RT status and configuration. All bits are applicable in the RT mode of operation.
Bit Programmed
Number Name Read Write Reset
Remote Terminal Active Yes No 0
4-1 Reserved - - -
5 Subsystem Fail Indicator Yes No U
6 Channel A/B Yes No 1
7 BC or RT/MT Mode (1) Yes No A2
8 Reset Active Yes No 0
9 BIT Active Yes No 0
10 BUSY Active Yes No 0
11 Service Request Active Yes No 0
12 Terminal Flag Active Yes No 0
13 Dynamic Bus Acceptance Yes No 0
14 Remote Terminal or Monitor Yes No 0
Active (1)
15 Memory Window Yes No 1

Notes:
1. Applicable to BCRTM only.
2. A = affected by reset, logic state is determined by other conditions.

1.1.3 Descriptor Address Register
This register contains the data pointer used to link the RT with a descriptor table that resides in the external 64K x 16
memory space. All bits are applicable in the RT-mode operation.

Bit Programmed
Number Name Read Write Reset
15-0 RT Descriptor Block Address Yes Yes U
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1.1.4 Built-in Test (BIT) Word Register
This register reports the results of a BIT. The user defines the least significant fourteen bits. Contents of the register are
transmitted on receipt of a Transmit BIT Word Mode Code. All bits are read and write.

Bit Programmed
Number Name Read Write Reset
13-0 BIT Word Yes Yes U
14 Channel A Failure Yes Yes U
15 Channel B Failure Yes Yes U

1.1.5 Current Command Register

This register contains the last command the RT received. Since status words and command words have the same
sync-field, status words other RTS transmit on the bus are also stored in this register. All bits are applicable, read-only
register.

Bit Programmed
Number Name Read Write Reset
15-0 Command Word Yes No U

1.1.6 Interrupt Log List Pointer Register

This register contains the data pointer used to link the RT with the top of the interrupt log list upon initialization.
Logging of interrupts results in the RT updating register contents. List resides in the external 64K x 16 memory space.
All bits are applicable in RT mode operation.

Bit Programmed
Number Name Read Write Reset
15-0 Interrupt Log List Address Yes Yes U

1.1.7 High-Priority Interrupt Enable Register
Use this register to enable the generation of a High-Priority Interrupt, HPINT, upon the occurrence of specified event
(e.g., message error or BIT fail). All bits are read and write.

Enable the standard-priority level output pin (STDINTL) via bit 0. If a Standard-Priority Interrupt occurs and is enabled,
and bit 0 equals logic zero, only the Standard-Priority Interrupt pulse (STDINTP) is generated. If bit 0 equals a logic
one, both the pulse and the level interrupt signals are generated.

Bit Programmed
Number Name Read Write Reset
0 Standard Interrupt (1) Yes Yes U
1 Message Error (2) Yes Yes U
3 BIT Fail Yes Yes U
4 BIT Complete Yes Yes U
S Subsystem Fail Yes Yes U
6 Dynamic Bus Control Yes Yes U
Acceptance
8 Data Overrun Enable Yes Yes U
Notes:

1. Setting this bit enables the STINTL output pin in addition to STINTP output pin.
2. RT will halt operation if this interrupt is enabled and message error occurs. To restart, clear interrupt in High-Priority Status/Reset Register
(bit 1) before the next 1553 command arrives.
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1.1.8 High-Priority Interrupt Status/Reset Register

Upon the occurrence of an event that generates a High- Pnonty Interrupt the appropriate bit in this register is set to a
logic one and the APINT pin is asserted. Once the interrupt is serviced, clear the HPINT pin by writing a logic one to
the appropriate bit of this register. Writing a logic one also resets the bit in the register. A logic one written to a bit
location containing zero will not result in the generation of an interrupt. All bits are read and write.

Bit Programmed
Number Name Read Write Reset
0 Standard Interrupt Yes Yes 0
1 Message Error Yes Yes 0
3 BIT Fail Yes Yes 0
4 BIT Complete Yes Yes 0
5 Subsystem Fail (1) Yes Yes 0
6 Dynamic Bus Control Yes Yes 0
Acceptance
8 Data Overrun Enable Yes Yes 0

Note:
1. Generated on the assertion of external pin SSYSF.

1.1.9 Standard-Priority Interrupt Enable Register
Use this register to enable the generation of a Standard-Priority Interrupt, STDINTL or STDINTP, upon the
occurrence of specified event (e.g., message error or illegal command). All bits are read and write.

Bit Programmed
Number Name Read Write Reset
1 Message Error Yes Yes U
4 Illegal Command Yes Yes U
5 Illegal Broadcast Command Yes Yes 8]
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1.1.10 Remote Terminal Address Register
The Remote Terminal Address Register is used to control bits in the RT’s status word response, along with defining the
mode of operation and the RT’s terminal address.

Bit Programmed
Number Name Read Write Reset

0 Remote Terminal Address ) 1) U
Bit 0

1 Remote Terminal Address (@) ) U
Bit 1

2 Remote Terminal Address Q) 1) U
Bit 2

3 Remote Terminal Address 1) 1) U
Bit 3

4 Remote Terminal Address 1) 1@ U
Bit 4

5 Remote Terminal Address 1) ) U
Parity Bit

6 Remote Terminal Address Yes No U
Parity Error

7 LOCK Indicator Yes No U

8 BC or RT Select Yes No U

9 Busy Mode Enable (2) Yes Yes U

10 Service Request Yes Yes U

11 Terminal Flag Yes Yes U

12 Dynamic Bus Control Yes Yes U
Acceptance

13 Subsystem Fail Yes Yes U

14 Busy Yes Yes U

15 Instrumentation Yes Yes U

Notes:

1. If the LOCK input pin is a logic one, this bit is read-only. Bit reflects status of the corresponding external Remote Terminal Address Bus bit or
Parity bit. If LOCK equals logic zero, this bit is read and write.
2. The Status Word bit is not set/reset until the part actually enters/exits the busy mode. The RT does not enter or exit the busy mode until current

command processing is complete (i.e., remote terminal inactive). This Register bit is written to at any time, but it will not reflect being set/reset
until the RT enters/exits busy mode.

1.1.11 BIT Start Register

Writing any data pattern to this 16-bit register invokes the built-in self-test routine. Self-test takes 100 ps. The results of
the test are recorded in the BIT Word Register. For a detailed description of BIT see 16.0, Built-In-Test of this section.
The register is write only.

Bit Programmed
Number Name Read Write Reset
15-0 BIT Start No Yes N/A

1.1.12 Programmed Reset Register

Writing any data to this 16-bit register invokes a programmed reset of the RT. Reset takes 1 ps. Programmed reset stops
operation of the RT. The register is write only.

Bit Programmed
Number Name Read Write Reset
15-0 Programmed Reset No Yes N/A
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1.1.13 RT Time-Tag Reset Register
Writing any data pattern to this 16-bit register resets the 8-bit time-tag counter to zero. The register is write only.

Bit Programmed
Number Name Read Write Reset
150 RT Time-Tag Reset No Yes N/A

1.1.14 Bus Monitor Register (BCRTM Only)
Bit 15 selects the monitor mode of operation. For RT operation set bit 15 equal to logic zero. When read, this bit

reflects the current mode of operation of BCRTM, read to verify the BCRTM is in the RT mode. The bit is read and

write.
Bit Programmed
Number Name Read Write Reset
12-0 Reserved U
13 Monitor Mode only N/A N/A N/A
14 Monitor Mode only N/A N/A N/A
15 Bus Monitor Control Register Yes Yes 19)

1.1.15 Activity Status/Operational Mode Register (BCRTMP Only)
This register augments the BCRTMP Control Register; bits implemented in this register control special features,

protocol, and status.

Bit Programmed
Number Name Read Write Reset
0 MDO0 (1) 1) U
1 MD1 (¢)) 1) U
2 MD2 1) 1) U
3 MD3 () 1) U
4 MD4 1) 1) U
5 MD5 1) (1) U
6 MD6 1) 1) U
7 WRAPEN 1) 1) U
8 AI'TWRAP 1) 1) U
9 WRAPF Yes Yes U
10 Bus A Yes Yes U
1 Bus B Yes Yes U
12 Stop Enable Yes Yes U
13 Ignore T/R Yes Yes U
15-14 Reserved - - --

Note:

1. If the LOCK pin is a logic 1 the bit is read only. If the LOCK pin is a logic one the bit is read and write.
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1.1.16 Programmable Status/Last Status Word Register (BCRTMP Only)
This dual-mode register controls the outgoing status word and reads the last transmitted status word. The register bits
also control special functions used to implement multiple protocols. All bits are read and write.

Bit Programmed
Number Name Read Write Reset

0 Terminal Flag Yes Yes U

1 Programmable Status Bit 18 Yes Yes U
Last Status Word Bit 18

2 Programmable Status Bit 17 Yes Yes U
Last Status Word Bit 17

3 Programmable Status Bit 16 Yes Yes U
Last Status Word Bit 16

4 Programmable Status Bit 15 Yes Yes U
Last Status Word Bit 15

5 Programmable Status Bit 14 Yes Yes U
Last Status Word Bit 14

6 Programmable Status Bit 13 Yes Yes U
Last Status Word Bit 13

7 Programmable Status Bit 12 Yes Yes U
Last Status Word Bit 12

8 Programmable Status Bit 11 Yes Yes U
Last Status Word Bit 11

9 Programmable Status Bit 10 Yes Yes U
Last Status Word Bit 10

10 Message Error Yes Yes U

11 Forced Busy Yes Yes U

12 Automatic Data Ready Yes Yes U

13 Automatic Terminal Flag Yes Yes U
Bit Enable Option 2

14 Automatic Terminal Flag Yes Yes U
Bit Enable Option 1

15 Immediate Clear Mode Enable Yes Yes 18

2.0 DesCrIPTOR BLOCK [::’-———} RECEIVE | SUBADDRESS #1

To process messages the RT uses data supplied in the
internal registers along with data stored in external
memory. The RT accesses three words stored in external
memory called a Descriptor Block. The Descriptor Block
is accessed at the beginning and end of command
processing. Sequentially entered into memory, multiple
Descriptor Blocks form a descriptor table. The following
paragraphs discuss the descriptor block in detail.

The host for the RT allocates 320 consecutive memory
spaces for the subaddress and mode code descriptor
table. For proper operation locate the top of the
descriptor table on an I x 512 address boundary, where I
is an integer value (I can equal zero).

Defined and entered into memory by the host, the RT is
linked to the descriptor table via the Descriptor Address
Register contents. Each descriptor block contains a
control word, Message Status Pointer, and Data List
Pointer. A fourth word is allocated in each Descriptor
Block but is not accessed by the RT. Each subaddress is
assigned a descriptor block for receive and transmit
commands. Mode codes with data and without data share
a common Descriptor Block.

- STARTING ADDRESS
INITIALIZED BY CPU

RECEIVE

IN THE RT DESCRIPTOR
SPACE REGISTER

RECEIVE

UNUSED

TRANSMIT

TRANSMIT

TRANSMIT)]

UNUSED

SUBADDRESS #2

SUBADDRESS #31

SUBADDRESS #1
SUBADDRESS #2

SUBADDRESS #31

Figure 5a. Descriptor Space
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REMOTE TERMINAL
MODE COPE DESCRIPTOR SPACE
STARTING ADDRESS
MODE CODE (RTDSSA) + 256
#S1&17
MODE CODE
#S24&18
s
[
MODE CODE .
#'S 15 & 31 < RTDSSA + 320
Note:

Mode code descriptor blocks are also provided for reserved

mode codes but have no associated predefined BCRTM
operation.

Figure 5b. (RT) Mode Code Descriptor Space

Control word information allows the RT to illegalize
commands, generate interrupts, and buffer messages on a
subaddress basis. To enable an interrupt or illegalize a
subaddress, set the appropriate bit in the control word.
The Message Status Pointer links the RT to a Message
Status Word list. Information contained in the Message
Status Word pertains to each message the RT processes.
Information includes word count, time-tag value,
broadcast flag, message error, and status of subsystem
flag during message transaction (i.e., outgoing status
word). The Data List Pointer links the RT to data for
message processing. For a receive command the Data
List Pointer is read to determine the top of the data

buffer. The RT stores data words sequentially from the
top of data buffer (e.g., 0100, 0101, 0102, 0103, etc.).
When processing a transmit command, the Data List
Pointer is read to determine where data words are
retrieved. The RT retrieves data words sequentially from
the address the Data List Pointer designates. Within the
Descriptor Block the control word is entered first,
followed by the Message Data List Pointer, and the Data
List Pointer; the fourth entry is allocated but not used.

ILLEGAL BROADCAST
SUBADDRESS

ILLEGAL
SUBADDRESS

INTERRUPT WHEN
ADDRESSED

INDEX =0

l— INTERRUPT WHEN

15 10 9 8 7 6 0

UNUSED | | I | | INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

FOR FUTURE EXPANSION

Figure 6a. Remote Terminal (RT)
Subaddress Descriptor

INTERRUPT ON RECEPTION OF MODE CODE
(WITHOUT DATA WORD)

ILLEGALIZE BROADCAST MODE CODE

(WITHOUT DATA WORD)
ILLEGALIZE MODE CODE

(WITHOUT DATA WORD)

RESERVED
ILLEGALIZE BROADCAST MODE CODE

(WITH DATA WORD)
ILLEGALIZE TRANSMIT MODE CODE

15 14 13 12 11 10 9

(WITH DATA WORD)

ILLEGALIZE RECEIVE MODE CODE
(WITH DATA WORD)

INTERRUPT ON RECEPTION OF MODE CODE

| (WITH DATA WORD)
— INTERRUPT IF INDEX = 0

1 I | ] | | ]

7 6
| | INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

RESERVED

Figure 6b. (RT) Mode Code Descriptor
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3.0 DMA AcTtIviITY

Once given ownership of the local bus (i.e., DMAG
asserted) the RT will perform either a single access or
multiple accesses (BURST). The following section
discusses what types of accesses occur during message
processing. For a graphical description of DMA activity
please reference 15.0 of this section (Typical Timing
Diagrams) or the applicable data sheet.

When performing multiple memory accesses the RT
asserts DMACK and BURST output signals. After
asserting the BURST signal the RT performs either 2, 3,
or 4 memory acceses. The number of memory accesses is
dependent on the operation the RT is performing. Three
different burst memory accesses ocurr in RT mode
operation: Descriptor Block read, Interrupt Log, and
Descriptor Block update.

To begin message processing the RT performs a
Descriptor Block read. A Descriptor Block read requires
three memory accesses to fetch the control word,
Message Status List Pointer, and Data List Pointer. Upon
completion of any burst accesses the RT surrenders the
local bus by negating the DMACK output.

The second burst scenario corresponds to the RT
entering an interrupt event into the interrupt log list
(i.e., Interrupt Log). An interrupt log requires three
memory accesses to memory. The first access is a
memory write of the Interrupt Status Word. Contained in
the Interrupt Status Word is information pertaining to
the event that resulted in the interrrupt (e.g. message
error, illegal command, etc.). Following the Interrupt
Status Word write is a Descriptor Pointer write. The
Descriptor Pointer is stored in the interrupt log list to
allow the host to calculate which subaddress or mode
code generated the interrupt. The third memory access is
a fetch of the Tail Pointer; the RT updates the Interrupt
Log List Pointer to contain the contents of this memory
location.

A Descriptor Block update is the third type of burst
access. Containing up to four memory accesses, the
Descriptor Block update writes the Message Status
Word, Data List Pointer, Message Status List Pointer,
and control word. If message indexing is not invoked, the
Data List Pointer, Message Status List Pointer, and
control word are not updated. Message indexing is not
invoked when the control word’s seven least significant
bits equal zero.

The RT performs single memory accesses to read or
write data words from memory. In the case of no
message indexing, the Message Status Word is entered
into memory during a single memory access.

4.0 CoMMAND ILLEGALIZATION

The host controls command illegalization via the
descriptor control word. The control word instructs the

RT to illegalize commands on a subaddress or mode code
basis. In response to an illegal command the RT
transmits a status word with the Message Error bit set to
a logic one. For a transmit command no data is sent with
the outgoing status word. If the illegal command is to
receive data, the associated data is not stored. The
following is a list of conditions that the RT can illegalize:

Subaddress Descriptor Control Word:

- Illegal Broadcast Command (1)
- Illegal Receive Subaddress
- Illegal Transmit Command

Mode Code Descriptor Control Word:

- Illegal Broadcast Mode Code (with
data word)

- Illegal Broadcast Mode Code (no

data word)

Illegal Mode Code gwith data word)

Illegal Mode Code (no data word)

Illegal Transmit Mode Code (with data)

Illegal Receive Mode Code (with data)

Note:

1. Although the transmit subaddress control word has the ability to
illegalize a broadcast transmit command, MIL-STD-1553B does not
support the command and the RT automatically illegalizes this
command.

5.0 REMOTE TERMINAL ADDRESS

Definition of the remote terminal address is controlled
by either hardware or software. For a hardware
assignment, the terminal address is entered into the RT
from RTA(4:0). Asserting MRST latches the RT’s
terminal address from pins RTA(4:0) and Parity bit
RTPTY. The terminal address parity is odd; input
RTPTY is set to a logic state to satisfy this requirement.
A logic one on Remote Terminal Address Register bit 6
indicates incorrect terminal address parity. Operation of
the RT does not begin until the parity error is cleared.

To assign the terminal address via software the host
writes to the Remote Terminal Address Register six least
significant bits. The new terminal address is loaded on
the completion of the write cycle (i.e., WR negated).
Software programming the remote terminal address is
allowed only when the LOCK pin is negated (i.e., LOCK
equal logic zero). Assertion of the LOCK pin allows
programming the terminal address through hardware
only.

The system locks the BCRTM device into the RT mode
either by hardware or software. A software lock disables
the remote terminal from entering the monitor mode
due to a software data error. The hardware lock is
through the LOCK input pin. A software lock is invoked
by clearing the Bus Monitor Control Register followed by
a write to the Control Register. Please note that a
programmed reset disables the software lock between the
remote terminal mode and monitor mode of operation.
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6.0 RT.RT TRANSFER COMPARE
(RECEIVE MODE)

Internal RT-to-RT terminal address compare logic checks
that the incoming status word’s terminal address matches
the terminal address of the transmitting RT specified in
the transmit command word. An incorrect match results
in setting the Message Error bit and suppressing
transmission of the status word (RTto-RT transfer
time-out = 56 ps).

7.0 RECEIVE MESSAGE PROCESSING

After receipt of valid receive command the BCRT
performs a Descriptor Block read for the designated
subaddress or mode code. The RT fetches the control
word, Message Status List Pointer, and Data List Pointer
during a burst DMA cycle. The Descriptor Block
contains information that the RT uses and creates during
message processing (i.e., Data List Pointer, Message
Status Word). The RT stores all three descriptor words
internally.

The control word instructs the RT how to process the
incoming message (i.e., interrupt generation, command
illegalization, and message indexing). The Data List
Pointer designates where in the 64K x 16 memory space
that receive data is stored. During the Descriptor Block
read, the RT loads the contents of the Data List Pointer
location into an internal register. The internal register
contents are then used, as an address, to store data words
being received. The internal register is incremented, by
one, as data words are received.

Upon receipt and storage of all data words the RT
generates a Message Status Word. The Message Status
Word is stored at the memory address the Descriptor
Block Message Status List Pointer defines. If message
indexing is invoked the RT rewrites (updates) the Data
List Pointer and Message Status List Pointer. The Data
List Pointer is updated with the final incremented value
after all data words are received. The Message Status
List Pointer is incremented by one and written back into
the Descriptor Block. The Control Word index field (bits
6 through 0) is decremented by one and rewritten into
the Descriptor Block memory. The RT does not update
the Message Status List Pointer, Data List Pointer, and
control word if message indexing is not invoked.
However, the Message Status Word is always generated
and written. Consider the preceding sequence of events
and memory accesses a Descriptor Block update. At this
point message processing is completed.

Please note that the Data List Pointer is not decremented
if a message error condition is observed during message
processing. The index field of the control word is
decremented for messages that contain message errors.
Also note that mode codes without data do not involve a
descriptor block update.

7.1 Receive Message Indexing

The RT has the ability to index up to 128 messages at a
subaddress or mode code. The index buffer size is
defined by the value assigned in the descriptor control
word. The control word index is decremented each time a
message is processed. The RT buffers messages until the
index field is decremented to zero. To signal a need for
host servicing, the RT can generate an interrupt when
the specified message length is reached (i.e., index
decremented to zero).

The RT generates a Message Status Word for each
message transaction to aid the host in processing
messages from the buffer. The Message Status List
Pointer, read from the Descriptor Block, defines the
storage location for the Message Status Word. Due to
the increment of the Message Status List Pointer, at the
end of message processing the RT stores the Message
Status Word sequentially in memory (Message Status
Word Log). For example, if the RT indexes S messages
(i.e., Control Word Index Field equal 0000100) and the
Message Status List Pointer is initially 100 (hex); Message
Status Words are stored at memory locations, 100 (hex),
101 (hex), 102 (hex), 103 (hex), and 104 (hex). If enabled,
an interrupt is generated on the transition of the control
word index field from logic one to logic zero. Once the
index is decremented to zero the Message Status List
Pointer is not updated. Messages processed after the
index is zero result in an over-write of the last Message
Status Word entered in the Message Status Word Log.

The Data List Pointer is used similarly to the Message
Status List Pointer during message processing. As the RT
validates and stores incoming data words the Data List
Pointer is incremented internally. Upon receipt of the
correct number of data words the Data List Pointer is
updated in the Descriptor Block (i.e., Descriptor Block
update). The RT continues to update the Data List
Pointer, after message completion, until the index is
decremented to zero. Once the index has reached zero
the buffer is considered full and the Data List Pointer is
not updated. Messages processed after the index is zero
result in an over-write of the last data words entered into
the buffer. See the Application Note section of this
handbook for examples of receive command message
indexing.

15 14 13 12 8 7 0

WORD COUNT | TIME TAG

L MESSAGE ERROR
MESSAGE WAS BROADCASTED

SUBSYSTEM FAIL INPUT WA
ASSERTED DURING THIS MESSAGE

Figure 7. Message Status Word
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8.0 TRANSMIT MESSAGE PROCESSING

After receipt of a valid transmit command the BCRT
performs a Descriptor Block read for the designated
subaddress or mode code. The RT fetches the control
word, Message Status List Pointer, and Data List Pointer
during a burst DMA cycle. The Descriptor Block
information is used in the same manner as for a receive
command.

The RT begins message processing by transmitting a
status word. The RT then uses the Data List Pointer, as
an address, to retrieve the first data word. The Data List
Pointer is incremented after each memory access,
therefore when processing multiple word commands,
data is retrieved sequentially from memory. It is the
responsibility of the host or subsystem to enter data
words, for transmission, in the correct memory locations.

Upon transmission of all data words the RT generates a
Message Status Word and performs a Descriptor Block
update. Reference section 7.0 for details of the
Descriptor Block update.

8.1 Transmit Message Indexing

The message indexing mechanics for transmit commands
work the same as for receive commands. The Control
Word index field determines the number of messages
that the RT will transmit without service from the host.
Once the prescribed number of messages is transmitted,
the RT can generate an interrupt requesting service. In
order to implement transmit message indexing the RT
must know the number of data words in each transmit
command it plans to process.

When configuring the RT memory to transmit multiple
commands the host or subsystem places data packets
sequentially in memory. The data packet contains “N”

data words for each transmit command the RT is
expecting to process. The Data List Pointer accesses
consecutive data words in the data packet for
transmission. Data List Pointer and Message Status List
Pointer updating is performed as described for receive
command (section 7.1). See Application Note section of
this handbook for examples of transmit command
indexing.

9.0 INTERRUPT ARCHITECTURE

The RT can generate two levels of interrupts--
Standard-Priority and High-Priority Interrupts. Use these
interrupts to signal the host that a user-selected event
has taken place. Selectable events include: index equals
zero, illegal command, message error, etc. The host
interfaces to the RT interrupt architecture via the
interrupt enable, status/reset registers, and outputs
STDINTL, STDINTP, and HPINTP.

During initialization of the RT the Interrupt Log List
Register is loaded. The contents of the register define
the start of the Interrupt Log List. On the occurrence of
each standard-priority interrupt the RT stores two words
into the list and retrieves a third word. The burst of three
DMAs (read, read, write) is defined as an interrupt log.
The first word written into memory is the Interrupt
Status Word; this 16-bit word contains information on the
interrupt event. The second 16-bit word stored in
memory defines which subaddress or mode code
generated the interrupt. The third word is loaded into
the Interrupt Log List Register and is used as an address
to store the next interrupt log entry. After the interrupt
log is completed the stan standard-pnonty pulse or level
(STDINTL or STDINTP) is asserted. Output STDINTL
is asserted until High-Priority Interrupt Status/Reset
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Register bit 0 is cleared. The interrupt log occurs after
the last data word is retrieved or stored into memory. If
the interrupt is due to a message error, the interrupt is
logged after the message error is observed.

Interrupt Status Word Applicable Bits:

Bit # Description

1 Message error condition occured during
message processing.

4 Command received was illegalized in
descriptor control word.

5 Broadcast command received was illegalized
in descriptor control word.

6 Mode code without data word was received.

7 Mode code with data was received or a

subaddress event occurred. Subaddess events
include interrupt when addressed or index
equals zero.

8 Indicates the ME bit of transmitted status
word was set to a logic one. Message error
or illegal command condition exists.

15 Bit always set to a logic one by the RT. Bit
indicates that the RT has accessed this
particular memory location.

The RT does not log High-Priority Interrupts into the
Interrupt Log List. High-Priority Interrupts are logged
into the High-Priority Interrupt Status/Reset Register. To

signal the occurrence of a High-Priority event output
HPINT is asserted immediately after the event is
observed. HPINT stays asserted until the host clears the
applicable bit the High-Priority Interrupt Status/Reset
Register.

Enabling High-Priority Interrupts for message errors
immediately halts the RT from processing messages. To
restart the RT, clear the appropriate bit in the
High-Priority Interrupt Status/Reset Register (i.e., bit
that reflects interrupt occurred).

10.0 RT ERROR DETECTION

In accordance with MIL-STD-1553B, the remote
terminal can detect various Message Error conditions.
Error checking occurs on Manchester waveforms and
word formats. Detectable errors include word count
errors, long words, short words, Manchester errors
(including zero crossing deviation), parity errors, and data
contiguity.

11.0 StaTUS SIGNALS
The RT has eight input/output signals that provide the

host with RT status information. The following is a
description of each signal:

Signal Name Type Description

HPINT Output Signals the occurrence of a High-Priority Interrupt event (active
low).

STDINTL Output Asserted on the occurrence of Standard-Priority Interrrupt event
(active low).

STDINTP Output 333 ns pulse indicating a priority interrupt event (active low).
COMSTR Output Asserted upon the recognition and validation of a command to the
RT (active low).

TIMERON Output Signal used to implement MIL-STD-1553B fail-safe timer (760 us
pulse).

CHA/B Output Asserted upon validation of a command; indicates on which
channel the command was received.

BCRTF Output Output indicates that the RT has failed internal self-test (active
high). Examine BIT Word Register to further evaluate results of
tests.

SSYSF Input Direct link to the subsystem flag of the MIL-STD-1553 status
word. When asserted by the subsystem or host the outgoing status
word bit has the subsystem flag bit set (active high).
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12.0 ENCODER AND DECODER

The RT interfaces directly to a bus transmitter/receiver
(i.e., transceiver) via the RT Manchester II
encoder/decoder. Interface to the bus transceiver
requires a zero idle state. The RT receives the command
word from the MIL-STD-1553B bus and processes it
either by the primary or secondary decoder. Each
decoder checks for the proper sync pulse, Manchester
waveform, edge skew, correct number of bits, and parity.
If the command is a receive command, the RT processes
each incoming data word for correct format and checks
the control logic for correct word count and contiguous
data. If invalid data is detected, the Message Error bit or
interrupt is asserted, the RT ceases processing the
remainder (if any) of the message, and the status word is
suppressed from transmission. Upon command
recognition and validation, the external status outputs
become valid. Reception of illegal commands does not
suppress status word transmission, but sets the ME bit in
the response.

13.0 Busy MoDE

Enter the BUSY mode of operation by asserting Remote
Terminal Address Register bit 9 (logic one). Once in the
BUSY mode the RT inhibits the storage and retrieval of

data from the subsystem. Upon reception of all valid
commands the RT responds with a status word only (no
data). The BUSY bit in the outgoing status word is
automatically set to a logic one indicating the RT is
BUSY.

The RT exits the BUSY mode when Remote Terminal
Address Register bit 9 is cleared (logic zero). The RT
asserts the status word BUSY bit until a receive,
transmit, or mode code command is received. Neither
Transmit Last Command or Transmit Status word clears
the BUSY bit of the status word.

14.0 StaATUS WORD CONTROL

Use the Remote Terminal Address Register to control
various bits in the outgoing status word: Instrumentation,
Busy, Subsystem Fail, Dynamic Bus Control Acceptance,
Terminal Flag, and Service Request. The Subsystem Fail
bit is also asserted by hardware input SSYSF. The RT
protocol logic controls the Message Error bit in the
status word.

15.0 TypicaL TIMING DIAGRAMS

The following timing diagrams show DMA activity and
status signals during message processing.

TAZ, TAO e STATUS | P]
|
raz, RA0 [__Rev [p[ pata [p[ pata e[ paTa TP |
I
—
COMSTR 2.2 ps I; {
I ! 5 us ¥
CHA/B XXXE&S T I
0.6 us : | | | : ¥ 5. pus |
TIMERON . | | | | !
0.18 ps 20 ps 20 ps 20 ps :
I | | I lusl 1l us
DMA Activity # —{#2] [#3] [ s 6 |
(First DMAR assertion) 5 us

BURST |

STDINTP

STDINTL

Notes:

1. Descriptor read.
2. Data word write.
3. Data word write.

4. Data word write.
5. Optional Interrupt Log.
6. Descriptor update.

Figure 9. Typical Receive Command (RT Mode)
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Notes:

1. Descriptor read.

2. Data word write.
3. Data word write.

TAZ, TAO

4. Optional interrupt log.
5. Descriptor update.
6. 9 s pulse aligned with second command word and status word.

Figure 10. Typical Timing for RT-RT Transfer (receive) (RT Mode)
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1. Descriptor read.
2. Data word read.
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4. Optional Interrupt Log.
5. Descriptor update.

Figure 11. Typical Timing for RT-RT Transfer (transmit) (RT Mode)

RT Mode-14



TAZ, TAO ees [ sTATUS [P] DATA [P] DATA [P| DATA [P]
I
RAZ, RAO [__XMIT [ P] 1
I
A | —
COMSTR 2.2 psle— T 1
| | |
— I ] T
cns XX T ;
0.6 us | ¢—» 0.2 us 116 ps
TIVERON g | BT I ol
|| ¢2uspe——20uspe 20 ps y I
0.18 us f ] 6 1 us
DMA Activity {#1 #2 | {#3} {#a #5 #6
(First DMAR assertion) \ 16
BURST ] 1 [ 1
STDINTP L]
STDINTL ] o
Notes:

4. Data Word read.
5. Optional Interrupt Log.
6. Descriptor update.

1. Descriptor read.
2. Data Word read.
3. Data Word read.

Figure 12. Typical Timing for Transmit Command (RT Mode)

16.0 BuiLt-IN-TEST

Built-in self-test of the BCRTM exercises the encoders,
decoders, parallel-to-serial, and serial-to-parallel
conversion circuits. Initiate self-test by writing to the BIT
Start Register (BC, MT modes) or on receipt of initiate
self-test mode code. The test duration is 100 us, and
covers aproximately 25% of the device.

When initiating self-test via the BIT Start Register, stop
the BC, RT, or MT before starting the test. The device is
stopped via a programmed reset. After completion of
BIT issue a start enable (Control Register bit 0) to
resume operation. A mode code initiated BIT does not
require a programmed reset before BIT or re-start upon
completion.

The BCRTM'’s self-test performs an internal
wrap-around test between its Manchester encoder and its
two Manchester decoders. This test consists of having the
BCRTM’s Manchester encoder transmit a pattern of
alternating ones and zeros (5555 hex) to the Manchester
decoder under test. After the Manchester decoder
receives the pattern, the BCRTM does a simple
comparison of the received word versus the transmitted
word. If there is a match, the test is successful. Any
mismatch in the bit patterns results in the BCRTM
flagging an error condition in the BIT Word Register.

The BCRTM then swaps ones and zeroes in the test
pattern and wraps this word (AAAA hex) from the
Manchester decoder under test. Once again, after the
BCRTM receives this word, it compares the received
word versus the transmitted word. The test result is
logged into the BIT Word Register. The same two tests
are then performed on the alternate Manchester
decoder.

The BCRTM can signal the end of built-in-test by
asserting a high-priority interrupt. The host monitors BIT
in progress via the Status Register.

17.0 RT DEsIGN EXAMPLE

17.1 Introduction

The following paragraphs outline the configuration of a
UT1553B BCRTM by a UT1750AR microprocessor. The
UT1750AR is operating in the RISC mode: the BCRTM
is configured for operation as a remote terminal (RT).
Examples show register initialization, descriptor setup,
memory map, and message buffering. For more detailed
information on the BCRTM or UT1750AR please
reference the applicable data sheet or application note.
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17.2 Memory Map

The Remote Terminal Descriptor Space is located on an
I x 512 boundary in memory. For this example I is equal
to zero: the first Descriptor Block resides at 0000 (hex).
The next 320 (decimal) sequential locations contain
descriptor information to assist the RT in processing
MIL-STD-1553 (1553) commands. RT internal registers
(18) follow the Descriptor Space sequentially in memory.
To perform message recovery when indexing is invoked,
the initial Data List Pointer and Message Status List
Pointer value for each Descriptor Block is stored in
memory, reserve 156 sequential locations for this task.
See UTMC’s application notes for examples of message
recovery with message indexing.

0000 (hex) to 013F (hex) Remote Terminal Descriptor
(320)

0140 (hex) to 0152 (hex) RT Internal Registers (18)

0153 (hex) to 01EE (hex) Receive Data List Pointers (31)
Transmit Data List Pointer (31)
Receive Message Status List
Pointer (31)
Transmit Message Status List
Pointer (31)
Mode Code Data List
Pointer (16)
Mode Code Message Status
List Pointer (16)

01EF (hex) to 01FF (hex) Scratch Pad

Data List Pointers contained in the Descriptor Space link
the RT to the memory map. For this example each
receive subaddress is allowed 256 (decimal) memory
locations. These memory locations allow the subaddress
to buffer a maximum of 8 messages of 32 words each.
Data List Pointers contained in Descriptor Blocks begin
at 0200, 0300, 0400, 0500, etc. Message Status List
Pointers begin at 24EQ, 24E8, 24EF, etc. For 31
subaddresses, reserve 7.9K memory locations. Reserve 32
memory locations for each subaddress (31) for transmit
command processing (31 x 32 = 992). Mode codes with
data require allocation of one memory location for each
mode code. The RT supports 16 mode codes with data.

0200 (hex) to 20FF (hex) Receive Subaddress Data
Space (31 x 256)

2100 (hex) to 24CF (hex) Transmit Subaddress Data
Space (31 x 32)

24D0 (hex) to 24DF (hex) Mode Code Data Space
(16x1)

Assign 8 memory locations, per subaddress, for Receive
Message Status Words. Transmit subaddresses and mode
codes require allocation of 1 location since indexing is
not used.

24E0Q (hex) to 25D7 (hex) Receive Subaddress Message
Status Space (31 x 8)

25D8 (hex) to 25F6 (hex) Transmit Subaddress Message
Status Space (31x 1)

25F7 (hex) to 2606 (hex) Mode Code Message Status
Space (16 x 1)

2607 (hex) to 26FF (hex) Scratch Pad
2700 (hex) to 27FF (hex) Interrupt Log List

A circular buffer starting at 2700 (hex) is reserved to
store interrupt log list information.

17.3 Descriptor Control Word

The 16-bit subaddress control word contains a 7-bit index
field, 4-bit illegalization and interrupt field, and S reserve
bits. The next section describes use of index field and
interrupt when index equals zero (i.e., bits 0 to 7). Bits 9
and 10 allow the subsystem to illegalize subaddresses and
broadcast commands associated with a subaddress. Bit 8
allows the subsystem to generate an interrupt when the
subaddress is addressed in the command word. Program
unused bits 11 through 15 to logic one or zero. For more
detailed description on the use of these bits, reference
the BCRTM data sheet.

A mode code descriptor control word is similiar to the
subaddress control word with the following exceptions.
Bits 7 through 15 designate various interrupt and
illegalization criteria. Note that mode codes with and
without data share Descriptor Blocks (i.e., control word,
Data List Pointer, and Message Status List Pointer).
Therefore the control word has provisions to illegalize or
interrupt mode codes with or without data as well as
interrupt when addressed. Mode codes without data do
not use the data list pointer or update a message status
word.

17.4 Message Buffering

Each subaddress can index/buffer a maximum 128
individual messages via the control word index field (7-bit
field). Memory space is then allocated to insure that the
maximum number of data words does not exceed the
buffer size. The data space (i.e., buffer) for receive
messages was sized to hold 256 data words. Eight
messages of 32 words each will fill the data space,
therefore the index field of the descriptor control word is
set to 0000111. The index field for mode codes and
transmit commands was set to zero (i.e., 0000000)
therefore disabling indexing.

Bit 7 of the Descriptor Block control word enables an
interrupt to signal the subsystem or microprocessor that a
subaddress has processed “N” messaages. Standard
priority interrupt outputs STDINTL and STDINTP assert
when the index count goes from 0000001 to 000000 (i.e.,
seventh message completed).

Example Descriptor Block
An example of the Descriptor Block for receive
subaddress 1 and 2 follows:

0000 (hex) 0087
0001 (hex) 0200
0002 (hex) 24E0
0003 (hex) 0000
0004 (hex) 0087
0005 (hex) 0300
0006 (hex) 24E8
0007 (hex) 0000
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An example of the descriptor block for transmit

subaddress 1 and 2 follows:

RISC Subroutines
The following UT1750AR RISC machine code shows
examples of subroutines that configure the RT for

0080 (hex) 0100 (hex) operation. The RISC port (1M x 16) of the UT1750AR
0081 (hex) 2100 (hex) allows accesses to non-volatile memory for configuration.
0082 (hex) 25D8  (hex) Information read from the non-volatile memory is stored
0083 (hex) 0000  (hex) in the RT internal registers and RAM locations residing
0084 (hex) 0100 (hex) on the UT1750AR data port (64K x 16).
0085 (hex) 2120 (hex) DESCR_INT: ; Descriptor Space
0086 (hex) 25D9 (hex) Initialization
0087 (hex) 0000 (hex) mov R2, 0000 ; Top of RAM desrciptor
An example of the descriptor block for the first and mov RO, 0010 : rsl!());cgf ROM
second mode code follows: ? ’ 2
LOOP1: Iri R1, RO ; fetch data from ROM
018(1) (lﬁex) g:%oo (gex) str R1, R2 ; store data in RAM
0101 (hex) (hex) addu RO, 0001 ; increment ROM counter
0102 (hex) 25F7 (hex) addu R2, 0001 ; increment RAM
0103 (hex) 0000 (hex) cmp RZ, 013F
0104 (hex) 0100 (hex) jc NE, LOOP1
0105 (hex) 24D1 (hex) nop
0106 (hex) 25F8  (hex) REG_INT: ; Register Initialization
0107 (hex) 0000 (hex) mov R2, 0140 ; RT internal registers
17.5 Register Initialization mov RO, 0150 ; Initialization information
The BCRTM has 18 internal registers that control LOOP2: Iri R1, RO ; fetch data from ROM
message processing. This section reviews the initialization str R1, R2 ; store data in Register #0
of registers required to begin command processing. For addu RO, 0001 ; increment ROM counter
more detailed bit descriptions, reference the BCRTM addu R2, 0002 : increment RAM counter
data sheet. nop ’ ’
Example RT Setup (1): Iri R1, RO ; fetch data from ROM
#0 Control Register Snglli(l;%)OOI ; store datai iﬁgffmr #2
addu RO, ; incremen counter
0110 0001 1000 0000 6180 (hex) addu R2, 0004 ; increment RAM counter
#2 Remote Terminal Descriptor Space Address Register nop
0000 0000 0000 0000 0000 (hex) Iri R1, RO ; fetch data from ROM
: . str R1, R2 ; store data in Register #6
#6 Interrupt Log List Register addu RO, 0001 ; increment ROM counter
0200 0111 0000 0000 2700 (hex) addu R2, 0001 ; increment RAM counter
#7 High Priority Interrupt Enable Register nop
0000 0000 0000 0000 0000 (hex) Iri R1, RO ; fetch data from ROM
. . . str R1, R2 ; store data in Register #7
#8 High Priority Interrupt Status/Reset Register addu RO, 0001 ; increment ROM counter
0000 0000 0000 0000 0000 (hex) addu R2, 0001 ; increment RAM counter
no
#9 Standard Priority Enable Register P
Iri R1, RO ; fetch data from ROM
0000 h ’ ’
0000 0000 0000 0000 (hex) str R1, R2 ; store data in Register #8
#10 Remote Terminal Address Register (2) addu RO, 0001 ; increment ROM counter
0000 0000 0000 0000 0000 (hex) iggu R2, 0001 ; increment RAM counter
14 Bus Monitor Control Regist
#14 Bus Monitor Control Register Iri R1, RO ; fetch data from ROM
0000 0000 0000 0000 0000 (hex) str R1, R2 ; store data in Register #9
Notes: addu R0, 0001 ; increment ROM counter
1. Initializing the RT as shown above is a minimum configuration. addu R2, 0001 ; increment RAM counter
2. Assumes that the remote terminal address is loaded via external nop
address bus RTA(4:0).
Iri R1, RO ; fetch data from ROM
str R1, R2 ; store data in Register #A
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DATA_LIST:

LOOP3:

addu RO, 0001
addu R2, 0004
nop

Iri R1, RO
str R1, R2
nop

mov R2, 0153
mov RO, 0163

Iri R1, RO

str R1, R2
addu RO, 0001
addu R2, 0001
cmp R2, 01EE
jc NE, LOOP3
nop

; increment ROM counter
; increment RAM counter

; fetch data from ROM
; store data in Register #E

; Data and Message
Status List Pointer

; Top of RAM storage
buffer

; Top of ROM storage
buffer

fetch data from ROM
store data in RAM
increment ROM counter
increment RAM counter

Execution of these subroutines configures the RT for
operation. The Control Register was configured for
operation via the data field of 6180 (hex). RT operation
does not begin until the least significant bit of the
Control Register is set to a logic one. To begin operation
write the value 6181 (hex) to the Control Register.
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1.0 Bus CONTROLLER ARCHITECTURE

The preceding section discussed the RT architecture and
how to use the UTMC BCRTM device to effectively
handle the Remote Terminal (RT) protocol. The
following section describes the BCRTM’s Bus Controller
(BC) architecture. Please note that the UT1553B BCRT
and UT1553 BCRTMP Bus Controller architectures are
the same as the BCRTM, so this BC description will also
be applicable to both of those devices.

1.1 Register File

To initialize the BCRTM to be a Bus Controller, the engineer must understand the internal registers. These registers
offer many programmable functions and allow host access to extensive information. For a complete description of each
register bit, review the data sheet section of this product handbook. Each register associated with the Bus Controller

mode of operation is individually described below.

The UTMC BC family of products provide all protocol,
data handling, message error checking, and memory
control functions. Discussed in this section are the
following BC features and functions:

Multiple Message Processing
Linked-List Architecture
Built-In Self-Test

Message Scheduling
Two-level Interrupt Structure
Polling Compare

Memory Management

Register Decode Register Decode
BCRT/BCRTMP BCRTM
Register Name A(3:0) A(4:0)

Control 0000 00000
Status 0001 00001
Current Command Block 0010 00010
Polling Compare 0011 00011
BIT Word 0100 00100
Current Command 0101 00101
Interrupt Log List Pointer 0110 00110
High-Priority Interrupt Enable 0111 00111
High-Priority Interrupt Status/Reset 1000 01000
Standard Interrupt Enable 1001 01001
BIT Start 1011 01011
Programmed Reset 1100 01100
Activity Status/Operational Mode(1) 1110 N/A

Note:
1. BCRTMP only.

1.1.1 Control Register

This register is used to place the BCRTM device into the required mode of operation, whether that be a BC, RT, or MT.
To operate the BCRTM as a Bus Controller, use the following bits.

Bit Programmed

Number Name Read Write Reset

14 RT-Address 31 (1) Yes Yes u @)

13 Subaddress 31 (1) Yes Yes 19)

12 BC Time-Out (2) Yes Yes U

11 Enable External Override Yes Yes U

10 BC or RT Select No Yes U

9 Retry on Alternate Bus Yes Yes U

7 Channel Select A/B Yes Yes U

6 Retry Count Yes Yes U

5 Retry Count Yes Yes U

4 Retry on BC Message Error Yes Yes U

3 Retry on Time-Out Yes Yes U

2 Retry on Message Error Yes Yes U

1 Retry on Busy Yes Yes U

0 Start Enable No Yes 0

Notes:

1. Applicable to BCRTM only.

2. Applicable to BCRTM and BCRTMP.
3. U = unaffected by programmed reset.
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1.1.2 Status Register
The Status Register is a read-only register that contains the current status associated with the BC operation. The
following bits are used to differentiate between the modes.

Bit Programmed
Number Name Read Write Reset
9 BIT Active Yes No 0
8 Reset Active Yes No 0
7 BC or RT/M(1) Mode Yes No A1)
6 Channel A/B Yes No 1
0 Command Block Execution Yes No 0

Note:
1. Applicable to BCRTM only.
2. A = affected by reset; logic state is determined by other conditions.

1.1.3 Current Command Block Register
This host-initialized Register must point to the head pointer of the first Command Block in a linked list and thereafter
will automatically be updated on the execution of each command.

Bit Programmed
Number Name Read Write Reset
15-0 Current Command Block Yes Yes U

1.1.4 Polling Compare Register
This register contains the host-defined 1553 status word bits that the BC is to interrupt if the register bits match the RT
response.

Bit Programmed
Number Name Read Write Reset
15-0 Polling Compare Date Yes Yes U

1.1.5 Built-in Self-test (BIT) Word Register
In the BC mode, the upper two bits can be used to determine the failure after completion of BIT. This register’s
fourteen least significant bits are user defined and the upper two bits show the result of BIT.

Bit Programmed
Number Name Read Write Reset
15 Channel B Failure Yes Yes(1) 0
14 Channel A Failure Yes Yes(1) 0

Note:

1. Writing a logic one to this location will induce a BIT failure. This may be useful for testing a fail operation.

1.1.6 Current Command Register

This register contains the most current BC command transmitted on the 1553 bus and will automatically be updated on
the execution of each command.

Bit Programmed
Number Name Read Write Reset
15-0 Current Command Yes No U

1.1.7 Interrupt Log List Pointer Register
This host-initialized register contains the location to start the Interrupt Log List associated with each Command Block.

After execution begins, this register is automatically updated with the address of the next entry.

Bit Programmed
Number Name Read Write Reset
15-0 Interrupt Log List Address Yes Yes U
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1.1.8 High-Priority Interrupt Enable Register

This register’s bits, when enabled (set to a logic one), will generate high-priority interrupts caused by certain events.
Enable the standard-priority level output pin (STDINTL) by setting bit 0. If not enabled and a standard-priority -
interrupt occurs, only the Standard-Priority Interrupt pulse (STDINTP) is asserted. Note: the Standard Interrupt Enable
bit listed below has nothing to do with the High-Priority Interrupt even though the bit is contained in this register.

Bit Programmed
Number Name Read Write Reset
8 Data Overrun Enable Yes Yes U
7 Illogical Command Error Enable Yes Yes U
6 Dynamic Bus Control Acceptance Yes Yes U
5 Subsystem Fail Enable Yes Yes U
4 End of BIT Enable Yes Yes U
3 BIT Word Fail Enable Yes Yes U
2 End of Command Block Enable Yes Yes U
1 Message Error Enable Yes Yes U
0 Standard Interrupt Enable Yes Yes 18)

1.1.9 High-Priority Interrupt Status/Reset Register

When an enabled High-Priority Interrupt occurs, the corresponding bit in this register is set and the HPINT pin is
asserted. Once the interrupt is serviced, the HPINT pin and the bit in this register may be reset by writing a logic one to
the corresponding bit in this register. If a condition is met such that a standard interrupt is generated, a High-Priority

Interrupt will not be asserted even if the standard interrupt is enabled in the High-Priority Register.

Bit Programmed
Number Name Read Write Reset
8 Data Overrun Yes Yes 0
7 Illogical Command Yes Yes 0
6 Dynamic Bus Control Yes Yes 0
5 Subsystem Fail Yes Yes 0
4 End of BIT Yes Yes 0
3 BIT Word Fail Yes Yes 0
2 End of Command Block Yes Yes 0
1 Message Error Yes Yes 0
0 Standard Interrupt Yes Yes 0

1.1.10 Standard-Priority Interrupt Enable Register

This register’s bits, when enabled (set to a logic one), will generate standard-priority interrupts caused by certain events.
For each interrupt, the standard interrupt pulse will be asserted. If the standard interrupt is enabled in the High-Priority

Interrupt enable register, then both the standard-priority level output pin (STDINTL) and the Standard-Priority
Interrupt pulse (STDINTP) always will be asserted.

Bit Programmed
Number Name Read Write Reset
3 Polling Comparison Match Yes Yes U
2 Retry Fail Yes Yes U
1 Message Error Yes Yes U
0 Command Block Interrupt/Continue Yes Yes U

1.1.11 BIT Start Register

This register is used to invoke the built-in self-test. To start the BIT, the BCRT/M/MP must be inactive and idle. To take
the device out of the active BC mode, a write to the Programmed Reset Register must precede a write to this register.
Writing any data pattern to this register will place the device into BIT. The routine takes 100 us to complete and the
results are logged into the BIT Word Register as previously described.

Bit Programmed
Number Name Read Write Reset
15-0 BIT Start No Yes N/A
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1.1.12 Programmed Reset Register

This register is used to invoke the Programmed Reset. Writing any data pattern to this register will take the device out
of the BC mode and perform a device reset. The self-test routine takes 1 ps to complete and no other activity should
occur while the BCRTM self-test is in progress. During this programmed reset, none of the registers are affected except
for the Status Register which will be updated with the latest status information.

Bit Programmed
Number Name Read Write Reset
150 Programmed Reset No Yes N/A

2.0 THE BCRTM’s
LINKED-LIST ARCHITECTURE

As previously defined, the BC initiates all 1553
communications. To meet the MIL-STD-1553B Bus
Controller requirements, the BCRTM uses a Command
Block architecture that takes advantage of both internal
registers and external memory. Each command word
transmitted over the bus must be associated with a
Command Block. The Command Block, which is located
in external contiguous memory, contains eight distinct
parameters associated with each message. These
parameters are a head pointer, the control word, two
command word locations, a Data List Pointer, two status
word locations, and a Tail Pointer.

The host must initialize each of the locations associated
with each Command Block (the exception is for the two
status locations which will be updated as command words
are transmitted and corresponding status words are
received). Figure 1 shows the Command Block followed
by a brief description of each location associated with the
Command Block.

HEAD POINTER

CONTROL WORD

COMMAND WORD 1

COMMAND WORD 2 (RT-RT ONLY)
DATA LIST POINTER

STATUS WORD 1

STATUS WORD 2 (RT-RT ONLY)
TAIL POINTER

Figure 1. Command Block

Head Pointer - The first memory location of each
Command Block contains the Head Pointer. The Head
Pointer may be used by the host to traverse up the list.
This location is merely a starting point for the Command
Block and the BCRTM does not use it.

Control Word - Immediately following the Head Pointer is
the control word, which contains message options for the
BC. For the BC mode of operation, the control word has
16 bits for selectable options (see figure 2). Each of these
bits is defined below.

Bit 15 This bit is set by the BCRTM when an
invalid RT response is detected.
This bit, when set, instructs the BC to skip
execution of the current Command Block
and jump to the next. If a time delay is
programmed into the device (bits 7-0 below),
the BCRTM will delay that set time before
jumping to the next Command Block.
This bit, when set, instructs the BC to assert
a standard interrupt and continue operation.
This is one method to synchronize the host
with the BCRTM.
This bit, when set, enables the polling
feature of the BCRTM. For information on
the polling operation, see the data sheet or
section 6.0 of this text.
Bit 11 This bit, when set, enables the auto retry
function for this message. The Control
Register determines the bus and the number
of retries that will occur.
This bit, when set, enables the End Of List
function in the BC mode of operation. This
bit allows the BC to halt execution and
assert a high-priority interrupt after
completing the current message. The
interrupt must be enabled in the
High-Priority Interrupt Enable Register.
Bit9 This bit, when set, instructs the BC that the
current Command Block is an RT-to-RT
transfer.
Bit 8 This bit, when set, instructs the BC to store
the message beginning at the data pointer
location for RT-RT messages.
These bits determine a specified time delay
between message starts. This operation
causes the BC to delay that specified time
between Command Blocks. See the
following section for specific notes
associated with this feature.

Bit 14

Bit 13

Bit 12

Bit 10

Bit 7-0
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Figure 2. Control Word

Command Word 1 & 2 - The next two locations are for
command words; the second command word only needs
to be initialized for RT-to-RT transfers.

Data List Pointer - The fifth location in the Command
Block is the Data List Pointer. It points to the first
memory location to store or fetch the data words
associated with the message for this Command Block.
While the Data List Pointer actually points to the first
memory location, it should be noted that the data
associated with each individual message must be stored
contiguously. This data structure allows the BCRTM to
store or fetch the exact specified number of data words,
thus saving memory space and providing efficient space
allocation. One common application for the Data List
Pointer is when the BC needs to send the same data
words to several RTs. Here, each Command Block
associated with those messages would contain the same
Data List Pointer value, thus fetching and transmitting
the same data to each of the RT5.

Status Word 1 & 2 - The next two locations in the
Command Block are for status words. As the RT
responds to the BC’s command, the corresponding status
word will be stored in Status Word 1. The second status
word is recorded only in RT-to-RT transfers.

Tail Pointer - The last location in the command block is
the Tail Pointer that points to the Head Pointer of the
next Command Block.

3.0 CommMaND BLOCK CHAINING

The host determines the first Command Block by setting
the initial start address in the current Command Block
Register. The Tail Pointer of the first Command Block
will point to the Head Pointer of the second Command
Block, and so on. Several Command Blocks may be
linked together to form a chain of commands. Several
Command Blocks may be linked together in a linked-list
architecture to build minor frames.

4.0 MESSAGE DELAY PROGRAMMING

As defined in bits 7-0 of the control word, the Time
Delay feature allows for sophisticated message
scheduling. When using the Time Delay feature in the
BC mode of operation, it is important to note that the
BCRTM will provide at least the 4 us intermessage gap
as defined in MIL-STD-1553B. The timer resolution of
16 us allows the BC to meet system requirements for
message delay programming. Also, the time delay may be
initialized differently for each Command Block. This
initialization will allow different delays between messages

or allow the designer to complete minor frames in
specified times. If all ones (11111111) are written to these
bits, the maximum gap time will be (255 x 16 ps) 4.08 ms.
This time corresponds to a 4.08 ms gap time from the
start of one command to the start of the next command.

As an example, let’s say that requirements call for a

124 ps message gap on the first message and a 200 us
message gap on the second message. Based on those
specifications, 00001000 (8 x 16 ps = 128 us) must be
written to the time delay field of the control word in the
first Command Block and 00001101 (13 x 16 pus = 208 ps)
must be written to the time delay field of the control
word in the second Command Block.

5.0 INTERRUPT LEVELS AND HANDLING

The BCRTM uses the same type of architecture on
interrupts as on the linked-list Command Block
structure. The interrupt consists of the internal registers
previously discussed, control bits in the BC data
structure, and an Interrupt Log List. This List allows
flexible memory definition and allows the host to view
the interrupts as they occur. The BCRTM has two levels
of interrupts (High- or Standard-Priority) and three
output signals (HPINT, STDINTL, and STDINTP) to
indicate the occurrence of an interrupt. Each of the
output pins is defined below.

STDINTL - Standard Interrupt Level - This signal is
asserted when any of the events enabled in
the Standard Interrupt Enable Register
occurs, provided it is enabled in Register 8.
Clear the level by writing a logic one to bit
0 of the High-Priority Interrupt

Status/Reset Register.

STDINTP - Standard Interrupt Pulse - This signal goes
low for 320 ns for any enabled bit in the
Standard Interrupt Enable Register or in

the BC control word.

-
=
3

High-Priority Interrupt - This signal is
asserted for any of the events enabled in
the High-Priority Interrupt/Enable
Register. Clear the level by writing a logic
one to the corresponding bit in the
High-Priority Interrupt Status/Reset
Register.

Based on the interrupt scheme, the BC generates the
Interrupt Log List to allow the host to review all
interrupts in chronological order. Only one interrupt log
will occur per message, except on retry failures. When an
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interrupt condition occurs, the BC performs two memory
writes and one memory read to the Interrupt Log List
Pointer Register. Definitions of all three words follow:

Interrupt Status Word - BCRTM written, this word will
show the type of standard interrupt that occurred, if the
interrupt is enabled. Active high bits indicate which of
the interrupts were generated. Each bit in the Interrupt
Status Word that is associated with the BC mode of
operation is defined below.

Bit 15 This bit is always set during the DMA write
of the Interrupt status word. Here, the host
can reset this bit after reading the word to
help determine which of the entries have
been acknowledged.

No Response Time-Out - Under message

error conditions, this bit is set to indicate

that a message error time-out has occurred.

Bit 3 Polling Comparison Match - This bit is set
when a polling comparison interrupt
occurred.

Bit 2 Retry Fail - This bit is set when all the
programmed retries have failed.

Bit 1 Message Error - This bit is set when a
message error associated with the device’s
protocol logic has occurred.

Bit 0 Interrupt and Continue - This bit is set when
the Command Block was addressed.

Bit 14

High-Priority Interrupt Status Register - BCRTM written,
this register will show the type of high-priority interrupt
that occurred, if the interrupt is enabled. Active high bits
indicate which of the interrupts were generated. Each bit
in the High-Priority Interrupt Status Register that is
associated with the BC mode of operation is defined
below.

Bit 8 Data Overrun Enable - This bit, when set,
indicates the BCRTM did not receive a
DMAG within the allotted time to
successfully perform a write to memory. If
this condition occurs, the BCRTM stops
execution and waits for the DMAG signal.

Bit 7 Illogical Command Error - This bit, when
set, indicates the occurrence of an Illogical
Command, which may include incorrectly
formatted RT-RT Command Blocks.

Bit 2 End of Command Block List - This bit is set
when all the Command Blocks have been
executed.

Bit 1 Message Error - This bit is set at the

occurrence of a message €rror.

If a High-Priority Interrupt occurs due to an illogical
command, end of list, or a message error, the BCRTM
will halt operation and stop execution until the user
services the interrupt. Here the user must read the
High-Priority Interrupt Status/Reset Register to pinpoint
what caused the interrupt. Once the interrupt has been
cleared, the device will automatically restart if the
interrupt was due to a message error condition. However,
once the interrupt has been cleared and the interrupt

was due to an illogical command or End Of List, the user
must restart the BCRTM by writing a logic one to bit 0 of
the Control Register.

6.0 PoLLING FUNCTION

In the BC mode, the system may require the Bus
Controller to periodically interrogate each RT for
subsystem status. If required, the BCRTM can use the
Polling feature to accomplish this task. Here the BC not
only gets each RT to respond with its status word but may
also compare each bit with a known response to
determine if additional tests must be performed on the
particular RT.

As previously discussed, the Polling Compare Register
contains the host-defined data which the BC is to
interrupt. For example, if the Service Request bit is set in
the RT response, an interrupt may be generated to allow
the host to decide what action to take. To use the Polling
Compare Register, the host must initialize the register to
contain logic ones in each status bit the host wants to try
and detect during polling. Once each of the RT status
words are received, it is compared to the register
contents. Interrupts, if enabled, will occur if the
corresponding bits in the register and status bits are both
logic high.

Use of the polling function varies between applications.
One common use is to allow the BC to alert the host
processor, in real time, of certain types of RT responses.
Another application for polling may be the general use of
mode codes such as Transmit Last Status Word. This
mode code allows the BC to “poll” each individual RT as
to its last status word to see if additional servicing is
required.

7.0 MEMORY ARCHITECTURE

After reviewing the BCRTM'’s internal registers, a look
at the external memory requirements and how the host
sets up memory in order to make the BCRTM a bus
controller may be advantageous. The intent of this
memory section is to show that memory configurations
are almost unlimited. Below are just two configurations
used to allocate memory. Each configuration is discussed
separately.

The first configuration shows the Command Blocks, data
locations, and the Interrupt Log List as separate entities.
Figure 3 shows that the first block of memory is allocated
for the Command Blocks. Notice that Register 2 initially
points to the Head Pointer of the first Command Block.
After completing execution of that first Command Block,
Register 2 will automatically be updated to show the
address associated with the next Command Block. Also
the Head Pointer of the second Command Block may be
located directly after the preceding Command Block’s
Tail Pointer.

Following the Command Block locations is the memory
required for all the data words. In BC applications, the
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number of data words for each Command Block is
known. In figure 3 for example, the first Command Block
has allocated several memory locations for expected data.
Conversely, the second Command Block has only
allocated a few memory locations. Since the number of
data words associated with each Command Block is
known, memory may be used efficiently.

Also shown as a separate memory area is the Interrupt
Log List. The third block of memory is allocated for this

Log List. Notice that Register 6 points to the top of the
initial Log List. After execution of that first Command
Block, Register 6 will automatically be updated. Notice
the Tail Pointer of the first may be followed directly with
the start of the second Log List.

A second memory configuration may wish to place all the
Command Blocks, data, and interrupts associated with
each message transfer together as figure 4 shows.

Command Data Interrrupt
Register Blocks Storage Regster Log List
Reg #2 Head Ptr Memor Reg #6 Int Sts Wd L_
9 CTL Word I ' y g CMD Block
CMD Words —{ Tail Ptr
Data Ptr
Sts Words
Tail Ptr
—p| Int Sts Wd
CMD Block
Head Ptr ] TallPr
CTL Word
CMD Words
Data Ptr |
—p| Int Sts Wd
Sts Words CMD Block
Tall Ptr — Tall Ptr
Head Ptr
CTL Word —>| Int Sts Wd
CMD Words CMD Block
Data Ptr | Tall Ptr —
Sts Words
Tail Ptr

Figure 3. Memory Architecture For BC Mode
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Command Blocks After reviewing the past several pages, it should be
Data, and Interrupt obvious that the designer has complete control over the
Log List BC memory mapping architecture. Each system may

Register

Head Ptr require slightly different memory requirements and the
CTL Word BCRTM’s flexibility allows the user to “fill in the

Reg #2

N

CMD Words blanks.” This flexibility allows desigr}ers to generate the
Data Ptr correct memory map that meets their spegfu;
Sts Words applications. This mapping allows the definition of all
Tail Ptr Command Blocks, identifies where the data for each
DATA Command Block is stored, and clearly shows how much
Memory memory is required.

Int Sts Wd

Reg #6
CMD Block

N

Tail Ptr

Head Ptr
CTL Word
CMD Words
Data Ptr

Sts Words
Tail Ptr

DATA
Memory

Int Sts Wd
CMD Block

Tail Ptr -_L

Figure 4. Memory Architecture For BC Mode

TAZ, TAO rRcv |P| pATA [P| DATA |P|

| status [p)

RAZ, RAO
CHA/B XXXX)( :

H .2 us
TIVIERON |

5 us 0 us

DMA Activity (1 | #2 [#3

(First DMAR as- Rl

sertion)

BURST I |

STDINTP

STDINTL
Notes: 4. Status word write.

1. Command Block read, control word read, command 5. Optional Interrupt Log.

word write, data pointer read. 6. Command Block update, control word write, read tail

2. Data word read. pointer, read next Command Block.

3. Data word read.
Figure 5. Typical Receive Command (BC Mode)

BC Mode-8



TAZ, TAO [ mev|p| xmir|F|

RAZ, RAO [ status|p| paTalp| [sTATUS]|P|

L3, .2 us

DMA Activity [ B oy p
(First DVMAR as- #1]# L#3 1 #4] #5
sertion) H H
5 ps 1pus
BURST ] 1
STDINTP
’{_k .32 ps

STDINTL l @
Notes: 5. Status word write.

1. Command Block read, Control word read, command word write, 6. Optional Interrupt Log.
Data pointer read. 7. Command Block update, Control word write, read tail
2. Command word #2 read. pointer, read next Command block.
3. Status word write.
4. Data word write
(Optional if monitoring RT-RT).

Figure 6. Typical RT-RT Command (BC Mode)

TAZ, TAO | xwr [P

RAZ, RAO

ciad X0

| sTaTus [P| DATA |P| DATA [P|

o2 us
TIMERON |
DMA Activity [q | —
(First DVIAR as.  LP- {#2 — #3| #4 |— #5 — #6|
sertion) =
5 us 1 pus

BURST [ ] I

STDINTP _’U‘_ 32 s
STDINTL | m

Notes: 4. Data word write.
1. Command Block read, Control word read, Command word write, 5. Optional Interrupt Log.

Data pointer read. 6. Command Block update, Control word write, Read tail
2. Status word write. pointer, read next Command block.

3. Data word write.

Figure 7. Typical Transmit Command (BC Mode)
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8.0 BC DEsIGN EXAMPLE

This final BC section will offer an example to clearly
define, initialize, and operate the BCRTM as a Bus
Controller. The user will learn how to set up the
registers, set up memory, and determine when DMA
transactions will occur.

The following baseline specifications will apply to our

sam(gle BC design.

1. Operate the BCRTM as a Bus Controller.

2. Have the BC transmit 3 messages to 2 different RTs
with an intermessage gap of 150 ps (RT

addresses = 2 and 23).

Set Bus A as the primary bus.

Retry messages on time-outs and/or RT message

errors only.

Retry up to 4 times on the alternate bus (Bus B).

Generate an interrupt if all retries fail.

Start the Command Blocks at location 0000H.

Interrupt and stop execution at the end of the

Command Block chain.

9. Start the data words at location 1000H.

10. Start the Interrupt Log List at location 2000H.

8.1 Register Files

To effectively meet all the above requirements, a review
of the registers is useful. The following discussion will
review each register that is affected and show why the
register was initialized to the stated value.

PN AW

Control Register - Register 0

The Control Register will help the designer meet
specifications 1, 3, 4, and 5 listed above. By writing
06ECH to this register, the BCRTM will function as a
Bus Controller, retry on the alternate channel (Bus B),
enable Channel A as the primary bus, retry up to four
consecutive times, and retry for time-outs and/or RT
message errors. To verify this value (06ECH), take a
moment and review each bit in the Control Register.

Current Command Block Register - Register 2

This register may be initiated to meet specification 7. To
have the Command Block Register start at location
0000H, simply have the host write that value (0000H) into
Register 2 and make sure that the memory locations
0000H - 0008H contain the first Command Block. Again,
depending on your memory structure and availability, the

tail pointer of that first Command Block may point to
0009H (if following the setup in figure 3) or to just about
any other location (as shown in figure 4).

Interrupt Log List Pointer Register - Register 6

This register may be used to meet the 10 specification
listed above. To have the Interrupt Log List Pointer start
at location 2000H, simply have the host write that value
(2000H) into Register 6 and make sure that memory
locations 2000H - 2002H are set aside for the three
words, previously discussed, defined by the Log List.

High-Priority Interrupt Enable Register - Register 7

To meet specification 8 above and to make sure that the
BC interrupts the host and stops executing the
Command Blocks once it has completed the chain, the
host must initialize this register to 0004H. This value
(0004H) will enable the End of Command Block List
High-Priority Interrupt. The BCRTM will automatically
stop once the last Command Block has been executed
and the interrupt will tell the host of the occurrence. The
interrupt will be a pulse only unless bit 0 in the
High-Priority Interrupt Register is set. Note that the
control word in the last Command Block must have the
End Of List bit set.

Standard Interrupt Enable Register - Register 9

To meet specification 6 above and have the BC generate
an interrupt if all programmed retries fail, the host must
initialize this register to 0004H. This value (0004H) will
not only enable the BCRTM to generate a
standard-priority interrupt on the occurrence but will
allow the BC to log the interrupt into the Interrupt Log
List for future evaluations.

The final two specifications can be handled while setting
up the BC’s Command Blocks. From previous discussion,
each message on the 1553 bus must have a corresponding
Command Block. With one of the specifications calling
for the transmission of three messages, three separate
Command Blocks must be initialized (with the first
Command Block starting at memory location 0000H).
Below are the contents of the three Command Blocks
that must be written into memory.
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MEMORY CONTENTS COMMENTS
LOCATION (hex) CMD = Command Block

0000 XXXX Head Pointer for CMD #1.

0001 080A Control Word for CMD #1; Auto Retry enabled and 150 ps time
delay.

0002 1041 Command Word #1 for CMD #1; notice this is a receive message
of one word to RT #2, subaddress #2.

0003 XXXX Command Word #2 for CMD #1; since this is not an RT-RT
transfer, the contents are not read.

0004 1000 Data List Pointer for CMD #1; to meet #9 specification above, all
data is to start at location 1000H.

0005 XXXX Status Word #1 for CMD #1; will be updated after the RT
responds.

0006 XXXX Status Word #2 for CMD #1; won’t be used since this is not an
RT-RT transfer.

0007 0008 Tail Pointer for CMD #1; should point to the start of the next
Command Block.

0008 XXXX Head Pointer for CMD #2.

0009 080A Control Word for CMD #2; Auto Retry enabled and 150 ps time
delay.

000A B982 Command Word #1 for CMD #2; notice this is a receive message
of two words to RT #23, subaddress #12.

000B XXXX Command Word #2 for CMD #2; since this is not an RT-RT
transfer, the contents are not read.

000C 1001 Data List Pointer for CMD #2; with the previous Command
Block receiving one data word, it will be safe to allocate only one
memory location for that Command Block.

000D XXXX Status Word #1 for CMD #2; will be updated after the RT
responds.

000E XXXX Status Word #2 for CMD #2; won’t be used since this is not an
RT-RT transfer.

000F 0010 Tail Pointer for CMD #2; should point to the start of the next
Command Block.

0010 XXXX Head Pointer for CMD #3.

0011 0CO0A Control Word for CMD #3; Auto Retry and End Of List enabled
and 150 us time delay.

0012 13A3 Command Word #1 for CMD #3; notice this is a receive message
of three words to RT #2, subaddress #29.

0013 XXXX Command Word #2 for CMD #3; since this is not an RT-RT
transfer, the contents are not read.

0014 1003 Data List Pointer for CMD #3; with the previous Command
Block receiving two data words, it will be safe to allocate two
memory locations for that Command Block.

0015 XXXX Status Word #1 for CMD #3; will be updated after the RT
responds.

0016 XXXX Status Word #2 for CMD #3; won’t be used since this is not an
RT-RT transfer.

0017 0000 Tail Pointer for CMD #3; should point to the start of the next
Command Block.

Now that the BCRTM is set up to meet the specifications Now, if the value of 06ED is written to the Control
given, the device must be started and processing will Register, it will not only maintain the same setup

begin. To start the device as a BC, a rewrite to the
Control Register (Register 0) must occur to toggle the
Start Enable (bit 0). Notice that in the initialization
section 06EC was written to the Control Register. This
value initialized the register but did not start the device.

configuration, but will also start the device.

While the above example only deals with BC to RT
messages, it is easily changed to handle different
sequences. To transmit data from the RT to the BC,
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simply change the T/R bit in each command word in the
Command Blocks. To perform an RT-to-RT transfer,
initialize the Control Word (bit 9) and both command
words associated with the Command Block.

8.2 DMA Activity

In the BC mode, the BCRTM must access external
memory in order to function properly. To gain access to
the local bus, the BCRTM must arbitrate for that bus.
Once DMAG is asserted, the BC may proceed with
either a single memory access or multiple accesses
(BURST). The following section describes what types of
memory accesses are performed and when these occur.
Please refer to figures 5-7 of this text or the applicable
data sheet for a graphical representation.

After the external memory and internal BC registers are
initialized, the host starts the BC operation by writing a
“1” to Register 0, bit 0. Immediately after doing so, the
BCRTM performs a burst of memory accesses. The
device performs three accesses to read in the control
word, the first command word, and the Data List Pointer
for the first Command Block. Upon completion of this or
any burst accesses, the BC surrenders the local bus by
negating the DMACK output.

For BC to RT Command Blocks, as shown in our
previous example, the BC transmits the command word
to the RT. Now, as in the example, a data word is
involved in the transaction and the BCRTM must access
memory and read in the data word. The DMA for this
data word occurs while the status word is transmitted. If
more than one data word is involved in the message, the
DMAs (single) and data word transmissions will continue
until the message is complete.

For RT to BC Command Blocks, the BC transmits the
command word to the RT. As soon as the BC receives
the RT status word it immediately writes that value into
the sixth location of the Command Block. Once again, if
data words are involved in the message, the data word
writes to memory will continue until all the data words
are received.

While the Command Block DMA is the first burst mode
the BCRTM uses, there are several other burst
conditions. The second burst occurs if an interrupt
condition is met during a message transfer. If a standard
interrupt condition is met, the BC writes the Interrupt
Status Word, writes the Command Block Pointer, reads
the Tail Pointer, pulses the STDINTP signal, and asserts
the STDINTL (if enabled).

The third burst mode is used when a retry condition
occurs (if retries are enabled). The BC will read the
control word, read the first command word, and read the
Data List Pointer. Notice this DMA activity is the exact
same as the Command Block DMA, since the BC needs
to retransmit the same message.

The fourth burst mode occurs when the BC detects a
message error while processing the current Command
Block. The BC writes the control word, reads the
Command Block Tail Pointer of the last command, holds

the bus to determine the next Command Block, reads the
new control word, reads the first command word
associated with the new Command Block, and reads the
Data List Pointer associated with the new Command
Block. However, if the End Of List (EOL) bit is enabled,
the BC only writes the control word.

The last burst mode is used during normal execution
when no message errors occur during the current
Command Block. However, if the EOL bit is enabled,
the BC simply stops execution and waits for further
instruction. If not enabled, the BC proceeds to the next
Command Block and a burst occurs. Here the BC reads
the Command Block Tail Pointer, holds the bus to
determine the next Command Block, reads the new
control word, reads the first command word associated
with the new Command Block, and reads the new data
list pointer.
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1.0 MONITOR TERMINAL ARCHITECTURE The UTMC BCRTM provides for data handling, message
error checking, and memory control functions. Discussed

The preceding section has discussed the BC architecture in this section are the following features and functions of
and how to use the UTMC BCRTM device to effectively the Monitor Terminal:

handle the Bus Controller protocol. The following
section describes the BCRTM’s monitor terminal (MT)
architecture and the three additional registers used in
the Monitor mode of operation. Note that the UT1553B
BCRT and UT1553 BCRTMP have no bus monitor
capabilities, so this MT description will not apply to those
devices. For clarity all registers and bits associated with
the MT mode are discussed below.

Command History List

Interrupt History List

Monitor Selected Terminal Addresses
Selectable/Sequential Data Storage
Variable Memory Allocation
Programmable Interrupt Structure

1.1.1 Initializing The Registers

To initialize the BCRTM to be a Monitor, the user must have a complete understanding of the internal registers. These
registers offer many programmable functions and allow host access to extensive information. For a complete description
of each register bit, review the BCRTM data sheet. Each register associated with the Monitor mode of operation is
described below.

Register Decode

BCRTM

Register Name A(4:0)

Control 00000
Status 00001
Current Command Block 00010
Current Command 00101
Interrupt Log List Pointer 00110
High-Priority Interrupt Enable 00111
High-Priority Interrupt Status/Reset 01000
Standard Interrupt Enable 01001
Remote Terminal Address 01010
BIT Start 01011
Programmed Reset 01100
RT Timer Reset 01101
Bus Monitor Control 01110
Monitor Selected RT Addresses (0-15) 10000
Monitor Selected RT Addresses (16-31) 10001

1.1.2 Control Register
This register is used to place the BCRTM device into the required mode of operation, whether that be a BC, RT, or MT.
To place the BCRITM in the Monitor mode use the following bits.

Bit Programmed

Number Name Read Write Reset

12 BC Time Out Yes Yes U@

11 Enable External Override Yes Yes U

10 BC or RT Select No Yes U

8 Channel B Enable Yes Yes U

7 Channel A Enable Yes Yes U

0 Start Enable No Yes 0

Note:
1. U = unaffected by programmed reset
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1.1.3 Status Register

The Status Register is a Read-Only register that contains the current status associated with the MT operation. The

following bits are used to differentiate between the modes.

Bit Programmed

Number Name Read Write Reset

14 Monitor Active Yes No 0

9 BIT Active Yes No 0

8 Reset Active Yes No 0

7 BC or RT/M Mode Yes No A(D)

6 Channel A/B Yes No 1

5 Subsystem Fail Indicator Yes No U

Note:

1. A = affected by reset, logic state is determined by other conditions.

1.1.4 Current Command Block Register
Initially this register contains the address of the control/status word of the current Command Block and thereafter will
automatically be updated on the execution of each command.

Bit Programmed
Number Name Read Write Reset
15-0 Current Command Block Yes Yes U

1.1.5 Current Command Register

This register contains the most current command transmitted on the 1553 bus and will automatically be updated on the
execution of each command.

Bit Programmed
Number Name Read Write Reset
15-0 Current Command Yes No U

1.1.6 Interrupt Log List Pointer Register

This register contains the location to start the Interrupt Log List associated with each Command Block. After execution
begins, this register is automatically updated with the address of the next entry.

Bit Programmed
Number Name Read Write Reset
15-0 Interrupt Log List Address Yes Yes U

1.1.7 High-Priority Interrupt Enable Register

This register’s bits, when enabled, will generate High-Priority Interrupts caused by certain events. Enable the
standard-priority level output pin (§TﬁINTL% by setting bit 0. If not enabled and a Standard-Priority Interrupt occurs,
only the Standard-Priority Interrupt pulse (STDINTP) is outputted. Note: the Standard Interrupt Enable bit listed below
has nothing to do with the High-Priority Interrupt even though the bit is contained in this register.

Bit Programmed
Number Name Read Write Reset
8 Data Overrun Enable Yes Yes U
S Subsystem Fail Enable Yes Yes 8
4 End of BIT Enable Yes Yes U
3 BIT Word Fail Enable Yes Yes U
1 Message Error Enable Yes Yes U
0 Standard Interrupt Enable Yes Yes U
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1.1.8 High-Priority Interrupt Status/Reset Register

When a High-Priority Interrupt occurs, the corresponding bit in this register is set and the HPINT pin is asserted. Once
the interrupt is serviced, the HPINT pin and the bit in this register may be reset by writing a logic one to that
corresponding bit. If a condition is met such that a standard interrupt is generated, a High-Priority Interrupt will not be
asserted even if the standard interrupt is enabled in the High-Priority Register.

Bit Programmed
Number Name Read Write Reset
8 Data Overrun Yes Yes 0
5 Subsystem Fail Yes Yes 0
4 End of BIT Yes Yes 0
3 BIT Word Fail Yes Yes 0
1 Message Error Yes Yes 0
0 Standard Interrupt Yes Yes 0

1.1.9 Standard-Priority Interrupt Enable Register

This register’s bits, when enabled, will generate Standard-Priority Interrupts caused by certain events. If enabled, both
the standard-priority level output pin (STDINTL) and the Standard-Priority Interrupt pulse (STDINTP) will be

outputted.
Bit Programmed
Number Name Read Write Reset
1 Message Error Yes Yes U
0 Command Block Interrupt/Continue Yes Yes U

1.1.10 Remote Terminal Address Register
This register is used to control several bits in the RT’s status word response and to monitor the state of operation in the

MT mode.
Bit Programmed
Number Name Read Write Reset
8 Mode Select Yes No 18)
7 LOCK Pin Indicator Yes No 8]

1.1.11 Bit Start Register

This register is used to invoke the built-in self-test. Writing any data pattern, except 0000H, will place the device into
BIT. The routine takes 100 us to complete and the results are logged into the BIT Word Register previously described.

Bit Programmed
Number Name Read Write Reset
150 BIT Start No Yes N/A

1.1.12 Programmed Reset Register
This register is used to invoke the Programmed Reset. Writing any data pattern, except 0000H, will perform a device
reset. The self-test routine takes 1 us to complete and no other activity should occur while the BCRTM self-test is in

progress.
Bit Programmed
Number Name Read Write Reset
15-0 Programmed Reset No Yes N/A
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1.1.13 Bus Monitor Control Register

This register is used to place the BCRTM device into the Monitor mode of operation. Before writing a logic zero to bit
10 of Register 0, the host should write a logic one to bit 15 of this register. This places the BCRTM into the Monitor
mode of operation. If the LOCK pin is externally tied high, the user may write once to the Control Register before the
terminal is locked into one particular mode. Once the LOCK is set externally and software has written to Register 0, the
BCRTM cannot change between modes without a programmed reset.

Bit Programmed
Number Name Read Write Reset
15 Bus Monitor Select Yes Yes U
14 Monitor All Terminals Yes Yes U
13 Monitor Selected Terminals Yes Yes U

1.1.14 Monitor Selected Remote Terminal Addresses 15-0

This register is used to select which specific Remote Terminals (RT 0 - RT 15) to monitor. For example, if the MT is to
monitor remote terminals 0 - 5, the first six bits should contain a logic one. The host should write to this register after
initializing the Control Register and the Bus Monitor Control Register to place the BCRTM in the Monitor mode of
operation. Note: The BCRTM must already be configured as a Monitor (i.e., a write to the Bus Monitor Control
Register) before initializing this register.

Bit Programmed
Number Name Read Write Reset
15-0 Selected Remote Terminals Yes Yes 0

1.1.15 Monitor Selected Remote Terminal Addresses 31-16

This register is used to select which specific Remote Terminals (RT 16 - RT 31) to monitor. For example, if the MT is to
monitor remote terminal 21, the sixth bit should contain a logic one (i.e., 0020H should be written into this register).
The host should write to this register after initializing the Control Register and the Bus Monitor Control Register to
place the BCRTM in the Monitor mode of operation. Note: The BCRTM must already be enabled (i.e. a write to the
Bus Monitor Control Register) before initializing this register.

Bit Programmed
Number Name Read Write Reset
15-0 Selected Remote Terminals Yes Yes 0
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2.0 Tue BCRTM’s
LINKED-LIST ARCHITECTURE

As previously defined, the MT should have the capability
of monitoring any or all 1553 communications. To meet
the MIL-STD-1553B monitor terminal requirements, the
BCRTM uses a Command Block architecture that uses
both internal registers and external memory. Two of the
internal registers allow the designer the flexibility to
monitor selected remote terminals. For example, if the
system requires the monitoring of RT register’s 1, 2, 6, 8,
10, 14, 17, 20, 25, and 29 only, the BCRTM may be
initialized accordingly. Simply write 4546H to Register 16
and 2212H to Register 17 and the above selected remote
terminal will be monitored.

Just as in the BC mode, each message received over the
bus must be associated with a Command Block. The
Command Block, much like the BC architecture, is
located in external memory. However, unlike the BC
architecture, this Command Block contains seven distinct
functions associated with each message. These functions
are a Monitor control/status word, two command word
locations, a Data List Pointer, two status word locations,
and a Tail Pointer.

The host must initialize each of the locations associated
with each Command Block (the exception is for the two
status locations which will be updated as command words
are transmitted). The Command Block in shown in
figure 1, followed by a brief description of each location
associated with the Command Block.

MONITOR CONTROL/STATUS
1553 COMMAND WORD 1

1553 COMMAND WORD 2

DATA LIST POINTER

1553 STATUS WORD 1

1653 STATUS WORD 2

TAIL POINTER

Figure 1. BCRTM Bus Monitor
Command Block

Control/Status Word - The first location in the Monitor
Command Block is the control/status word. This location
contains message options for each of the Monitor

messages. The control/status word has sixteen bits for
selectable options. Each of these bits is defined below.

Bit 15 This bit is set when the BCRTM has
accessed this Command Block.

This bit is set when a message error
occurred while receiving this message.
The BCRTM issues a Standard-Priority
Interrupt and sets this bit when this
Command Block has been accessed, if
enabled in the Standard Interrupt Enable
Register.

This bit defines the bus upon which the
message was received. If set, the message
was received on Bus A and if not set, the
message was received on Bus B.

Not used.

These bits record a specified time tag
between message starts. The time-tag
feature has a 64 us resolution and may be
different for each of the Command Blocks.

Bit 14

Bit 13

Bit 12

Bit 11-8
Bit 7-0

Command Word 1 & 2 - The next two locations are for
command words; the second command word will only
contain information on RT-to-RT transfers.

Data List Pointer - The fourth location in the Monitor
Command Block is the Data List Pointer. It points to the
first memory location to store the data words associated
with the message for this Command Block. While the
Data List Pointer actually points to the first memory
location, note that the data associated with each
individual message must be stored contiguously.

Status Word 1 & 2 - The next two locations in the
Command Block are for status words. As the RT
responds to the BC’s command, the corresponding status
word will be stored in Status Word 1. The second status
word is recorded only in RT to RT transfers.

Tail Pointer - The last location in the command block is
the Tail Pointer that points to the next Monitor
Command Block.

3.0 ComMMAND BLOCK CHAINING

The host determines where to start the first Command
Block by setting the initial start address in the current
Command Block Register. The Tail Pointer of the first
Command Block will point to the control/status word of
the second Command Block, and so on. This architecture
allows the Command Blocks to be linked together to
store multiple 1553 messages. This list may be as short or
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as long as the system requires. Figure 2 shows several
Command Blocks linked together to form a chain.

COMMAND BLOCK #1
CONTROL WORD

TP
S—

CONTROL WORD

TP
C—

CONTROL WORD

TP

C 74

CONTROL WORD

TP

Figure 2. Monitor Command Block
Tail Pointers

4.0 INTERRUPT LEVELS AND HANDLING

The BCRTM uses the same type of architecture on
interrupts as on the linked-list Command Block
structure. The interrupt consists of the internal registers
previously discussed, control bits in the MT data
structure, and an Interrupt Log List. This List allows
flexible memory definition and allows the host to view
the interrupts as they occur. The BCRTM has two levels
of interrupts and three output signals, as previously
discussed, to indicate the occurrence of an interrupt.
Each of the output pins is defined below.

STDINTL - Standard Interrupt Level - This signal is
asserted when any of the events enabled in
the Standard Interrupt Enable Register
occurs. Clear the level by writing a logic
one to bit 0 of the High-Priority Interrupt
Status/Reset Register.

STDINTP - Standard Interrupt Pulse - This signal is
asserted for 320 ns for any enabled bit in
the Standard Interrupt Enable Register or
in the MT control word.

HPINT - High-Priority Interrupt - This signal is
asserted for any of the events enabled in
the High-Priority Interrupt/Enable
Register. Clear the level by writing a logic
one to the corresponding bit in the
High-Priority Interrupt Status/Reset
Register.

Based on the interrupt scheme, the MT generates the
Interrupt Log List to allow the host to review all
interrupts in chronological order. Only one interrupt log
will occur per message, except on retry failures. When an
interrupt condition occurs, the MT performs two memory
writes and one memory read to the Interrupt Log List
Pointer Register. Definitions of all three words follow.

Interrupt Status Word - BCRTM written, this word will
show the type of standard interrupt that occurred, if the
interrupt is enabled. Active high bits indicate which of
the interrupts were generated. Each bit in the Interrupt
Status Word that is associated with the MT mode of
operation is defined below:

Bit 15 This bit is always set during the DMA write
of the Interrupt status word. Here, the host
can reset this bit after reading the word to
help determine which of the entries have
been acknowledged.

Bit 14 No Response Time-Out - Under message
error conditions, this bit is set to indicate
that a message error time-out has occurred.

Bit 1 Message Error - This bit is set when a
message error associated with the device’s
protocol logic has occurred.

Bit 0 Interrupt and Continue - This bit is set when
the Command Block was addressed.

High-Priority Interrupt Status Register - BCRTM written,
this register will show the type of High-Priority Interrupt
that occurred, if the interrupt is enabled. Active high bits
indicate which of the interrupts were generated. Each bit
in the Interrupt Status Register that is associated with
the MT mode of operation is defined below.

Bit 8 Data Overrun Enable - This bit, when set,
indicates the BCRTM did not receive a
DMAG within the allotted time to
successfully perform a memory data transfer.

Bit 7 Illogical Command Error - This bit, when
set, indicates the occurrence of an Illogical
Command, which may include incorrectly
formatted RT-RT Command Blocks.

Bit 1 Message Error - This bit is set at the
occurrence of a message error.

If a High-Priority Interrupt occurs due to an illogical
command, end of list, or a message error, the BCRTM
will halt operation and stop execution until the user
services the interrupt. Here the user must read the
High-Priority Interrupt Status/Reset Register to pinpoint
what caused the interrupt. Once the interrupt has been
cleared, the device will automatically restart if the
interrupt was due to a message error condition. However,
once the interrupt has been cleared and the interrupt
was due to an illogical command or End Of List, the user
must restart the BCRTM by writing a logic one to bit 0 of
the Control Register.

In the MT mode of operation if an interrupt condition
occurs, the monitor performs the two writes and read
listed above and then generates the interrupt pulse and
level (if enabled).
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5.0 MEMORY ARCHITECTURE

After reviewing the BCRTM’s internal registers, a look
at the external memory requirements and how the host
sets up memory in order to make the BCRTM a monitor
may be advantageous. The intent of this memory section
is to show that memory configurations are almost
unlimited. Below are just two configurations used to
allocate memory. Each configuration is discussed
separately.

The first configuration shows the Command Blocks, data
locations, and the Interrupt Log List as separate entities,
as figure 3 shows. The first block of memory is allocated
for the Command Blocks. Notice that Register 2 initially
points to the control/status word of the first Command
Block. After completing execution of that first Command
Block, Register 2 will automatically be updated to show
the address associated with the next Command Block.
Also the control/status word of the second Command
Block may be located directly after the preceding
Command Block’s Tail Pointer.

Following all the Command Block locations is the
memory required for all the data words. In some

applications, the number of data words for each
Command Block is known. However, if the number of
data words is not known or undetermined, 32 memory
locations must be set aside to meet the maximum data
transfer for MIL-STD-1553B. In figure 3 for example,
the first Command Block has allocated several memory
locations for expected data. Conversely, the second
Command Block has only allocated a few memory
locations. If the number of data words associated with
each Command Block is known, memory may be used
efficiently.

Also shown as a separate memory area is the Interrupt
Log List. The third block of memory is allocated for this
Log List. Notice that Register 6 points to the top of the
initial Log List. After execution of that first Command
Block, Register 6 will automatically be updated. Notice
the Tail Pointer of the first may be followed directly with
the start of the second Log List.

A second memory configuration may wish to place all the
Command Blocks, data, and interrupts associated with
each message received together as figure 4 shows.

Command Interrrupt
Reglster Blocks Storage Register Log List
Reg #2 Head Ptr Memor Reg #6 IntStsWd
CTL Word y g CMD Block
CMD Words —  Tail Ptr
Data Ptr
Sts Words
Tail Ptr
—>| Int Sts Wd
CMD Block
Head Ptr | Tall Ptr
CTL Word
CMD Words
Data Ptr Int Sts Wd
Sts Words - CMD Block
Tail Pty — Tail Ptr
Head Ptr
CTL Word —>»| Int Sts Wd
CMD Words CMD Block
Data Ptr — Tail Ptr —!
Sts Words
Tail Ptr

Figure 3. Memory Architecture For Monitor Mode
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Command Blocks After reviewing the past several pages, it should be

Register Data, and Interrupt obvious that the designer has complete control over the
Log List MT memory mapping architecture. Each system may
Reg #2 » Head Ptr require slightly different memory requirements and the
9 CTL Word BCRTM’s flexibility allows the user to “fill in the
CMD Words blanks.” This flexibility allows designers to generate the
Data Ptr correct memory map that meets their specific application.
Sts Words This mapping allows the definition of all Command
| Tail Ptr Blocks, identifies where the data for each Command
Block is stored, and clearly shows how much memory is
Memory required.
Reg #6 Int Sts Wd
CMD Block
Tail Ptr
Head Ptr
CTL Word
CMD Words
Data Ptr
Sts Words
Tail Ptr
Memory
intStswd  [¢
CMD Bilock
Tail Ptr '—1

Figure 4. Memory Architecture For Monitor Mode
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Notes: .
1. Command Block read, Control word read, Command word write, 4. Status word write.

Data pointer read. 5. Optional Interrupt Log. .
2. Data word write. 6. Comma{ld B}ock update, Control word write,
3. Data word write. Read tail pointer.

Figure 5. Typical Receive Command (MT Mode)
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raz, RAo L RCV TPl xmiT [P] +«.[ sTATUST P] DATA [P] DATA [P]...[ STATUS[ P|

-
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Notes:

1. Command Block read, Control word read, 4. Data word write. 7. Optional Interrupt Log.
Command word write, Data pointer read. 5. Data word write. 8. Command Block update,

2. Command word write.

C 6. Status word write. Control word write, Read tail pointer.
3. Status word write.

Figure 6. Typical Timing for RT-RT Transfer (receive) (MT Mode)
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2. Command word write.

C write, Read tail pointer.
3. Status word write.

Figure 7. Typical Timing for RT-RT Transfer (transmit) (MT Mode)
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Notes:

1. Command Block read, Control word read, Command word write,
Data pointer read.

2. Write status word.

3. Write data word.

4. Data word write.

5. Optional Interrupt Log.

6. Command Block update, Control word write,
Read tail pointer.

Figure 8. Typical Timing Transmit Command (MT Mode)

6.0 PROGRAMMED DESIGN EXAMPLE

This final MT section will offer an example to clearly
define, initialize, and operate the BCRTM as a bus
Monitor. The user will learn how to set up the registers,
set up memory, and determine when the DMA
transactions will occur.

For simplicity, the following baseline specifications will
apply to our MT design. The specifications follow.

Operate the BCRTM as a bus Monitor.

Have the MT monitor RT addresses 2 and 23 only.
Enable Bus A and Bus B. ,

Start the Command Blocks at location 0000H.
Start the data words at location 1000H.

Start the Interrupt Log List at location 2000H..
Generate a standard-priority interrupt on message
errors and when the Command Block is addressed.

S S

6.1 Register Files )

To effectively meet all the above requirements, a review
of the registers is a must. The following discussion will
review each register that is affected and show why the
register was initialized to the stated value.

Control Register - Register 0

The Control Register will help the designer meet
specifications 1 and 3 listed above. By writing 0180H to
this register, the BCRTM will function as a bus Monitor
(also need to initialize the Monitor Control Register) and
enable both Bus A and Bus B. To verify this value

(0180H), take a moment and review each bit in the
Control Register.

Current Command Block Register - Register 2

This register may be initiated to meet specification 4. To
have the Command Block Register start at location
0000H, simply have the host write that value (0000H) into
Register 2 and make sure that the memory locations
0000H - 0007H contain the first Command Block. Again,
depending on your memory structure and availability, the
tail pointer of that first Command Block may point to
0008H (if following the setup in figure 3) or to just about
any other location (as shown in figure 4).

Interrupt Log List Pointer Register - Register 6

This register may be used to meet 6 specification listed
above. To have the Interrupt Log List Pointer start at
location 2000H, simply have the host write that value
(2000H) into Register 6 and make sure that memory
locations 2002H are set aside for the three words
previously defined by the Log List.

Standard Interrupt Enable Register - Register 9

To meet specification 7 above and have the MT generate
an interrupt on message errors or if the Command Block
is addressed, the host must initialize this register to
0003H. This value (0003H) will not only enable the
BCRTM to generate a Standard-Priority Interrupt on the
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occurrence but will allow the MT to log the interrupt
into the Interrupt Log List for future evaluations.

Bus Monitor Control Register - Register 14

To meet specifications 1 and 2 above, the host must
initialize this register to AOOOH. This value (AOO0H) will
not only enable the Monitor function of the BCRTM but
will also allow the MT to monitor specific remote
terminals as specified by Registers 16 and 17.

Monitor Selected RT Addresses 15-0 - Register 16

To meet the final step of specification 2, the Monitor
needs to monitor only RT 2 and 23. To select RT 2, the
host must initialize this register to 0004H. This value

(0004H) will enable the BCRTM to monitor RT 2 and
store all data transactions to and from that RT.

Monitor Selected RT Addresses 31-16 - Register 17

To meet the final step of specification 2, the Monitor
needs to monitor only RT 2 and 23. To select RT 23, the
host must initialize this register to 0080H. This value
(0080H) will enable the BCRTM to monitor RT 23 and
store all data transactions to and from that RT. From
previous discussion, each message on the 1553 bus must
have a corresponding Command Block. The final
specification can be handled while setting up the MT’s
Command Blocks. The last specification calls for the data
list pointer to start at location 1000H. Refer to the
following data to see this initialization.

2

MEMORY CONTENTS COMMENTS
LOCATION CMD = Command Block

0000 0600 Control Word for CMD #1; message error and Interrupt When
Addressed enabled.

0001 XXXX Command Word #1 for CMD #1; to be updated as messages are
received for RT #2 or #23.

0002 XXXX Command Word #2 for CMD #1; this is to contain data for an RI-RT
transfer.

0003 1000 Data List Pointer for CMD #1; to meet #5 specification above, all
data is to start at location 1000H.

0004 XXXX Status Word #1 for CMD #1; will be updated after the RT responds.

0005 XXXX Status Word #2 for CMD #1; won’t be used if not an RT-RT transfer.

0006 0007 Tail Pointer for CMD #1; should point to the start of the next
Command Block.

0007 0600 Control Word for CMD #2; message error and Interrupt When
Addressed enabled.

0008 XXXX Command Word #1 for CMD #2; to be updated as messages are
received for RT #2 or #23.

0009 XXXX Command Word #2 for CMD #2; this is to contain data for an RI-RT
transfer.

000A 1031 Data List Pointer for CMD #2; since the number of data words
associated with the command is not known, the designer must leave
32 locations (maximum number of data words).

000B XXXX Status Word #1 for CMD #2; will be updated after the RT responds.

000C XXXX Status Word #2 for CMD #2; won’t be used if not an RT-RT transfer.

000D 000E Tail Pointer for CMD #2; should point to the start of the next
Command Block.

000F 0600 Control Word for CMD #3; message error and Interrupt When
Addressed enabled.

0010 XXXX Command Word #1 for CMD #3; to be updated as messages are
received for RT #2 or #23.

0011 XXXX Command Word #2 for CMD #3; this is to contain data for an RI-RT
transfer.

0012 1062 Data List Pointer for CMD #3; sincc the number of data words
associated with the command is not known, the designer must leave
32 locations (maximum number of data words).

0013 XXXX Status Word #1 for CMD #3; will be updated after the RT responds.

0014 XXXX Status Word #2 for CMD #3; won’t be used if not an RT-RT transfer.

0015 0000 Tail Pointer for CMD #3; should point to the start of the next
Command Block.
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Now that the BCRTM is set up to meet the specifications
given, the device must be started and processing will
begin. To start the device as a MT, a rewrite to the
Control Register (Register 0) must occur to toggle the
Start Enable (bit 0). Notice that in the initialization
section 0600 was written to the Control Register. This
value initialized the register but did not start the device.
Now, if the value of 0601 is written to the Control
Register, it will not only maintain the same setup
configuration, but will also start the device.

6.2 DMA Activity

The MT mode of operation requires the BCRTM to
access external memory in order to function properly. To
gain access to the local bus, the BCRTM must arbitrate
for that bus. Once DMAG is asserted, the MT may
proceed with either a single memory access or multiple
accesses (BURST). The following section describes what
types of memory accesses are performed and when these
occur. Figures 5-8 of this text or the applicable data sheet
provides graphical representation of this DMA timing.

The MT operation is started by writing a “1” to Register
0, bit 0, after the external memory and internal registers
are initialized. For BC to RT Commands, after a valid
message is received, the MT performs a burst of three
accesses. The MT reads the control word, writes the
command word, and reads the Data List Pointer. If
several data words are involved in the message, the
DMAs (single) will continue until the message is
completely received. Upon completion of this or any
burst accesses, the BC surrenders the local bus by
negating the DMACK output.

For RT to BC Command Blocks, the MT handles the
message in the same fashion. As soon as the MT receives
the RT status word, it immediately writes that value into
the fifth location of the Command Block. Once again, if
data words are involved in the message, the data word
writes to memory will continue until all the data words
are received.

While the Command Block DMA is the first burst mode
the BCRTM uses, there are several other burst
conditions. The second burst (burst of three) occurs when
an interrupt condition is met during a message transfer.
If a standard interrupt condition is met, the MT writes
the Interrupt status word, writes the Monitor Command
Block Pointer, reads the Tail Pointer, pulses the
STDINTP signal, and asserts the STT3]INTL (if enabled).

The third burst mode occurs when used during normal
execution with no message errors during the current
Command Block. Here the MT executes on two words by
writing the control/status word and reading the
Command Block Tail Pointer. By doing so, the BCRTM
is ready to monitor the next Command Block.
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UT1553B BCRT

FEATURES

d

o 0O O 0O

Comprehensive MIL-STD-1553B dual-redundant
Bus Controller (BC) and Remote Terminal (RT)
functions

Multiple message processing capability in

BC and RT modes

Automatic polling and intermessage delay

in BC mode

Programmable interrupt scheme and internally
generated interrupt history list

Register-oriented architecture to enhance
programmability

oo gooo 0O

DMA or pseudo-dual-port memory interface with
64K addressability

Internal wraparound self-test
Time tagging and message logging in RT mode

Packaged in 84-pin pingrid array, 84-lead
flatpack, or 84-pad LCC

Low-power CMOS technology

Full military operating temperature range, -55°C
to +125°C, screened to the specific test methods

listed in Table I of MIL-STD-883, Method 5004,
Class B
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Figure 1. BCRT Block Diagram
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1.0 INTRODUCTION

The monolithic CMOS UT1553B BCRT provides the
system designer with an intelligent solution to
MIL-STD-1553B multiplexed serial data bus design
problems. The UT1553B BCRT is a single-chip device
that implements two of the defined MIL-STD-1553B
functions - Bus Controller and Remote Terminal.
Designed to reduce host CPU overhead, the BCRT’s
powerful state machines automatically execute
message transfers, provide interrupts, and generate
status information. Multiple registers offer many
programmable functions as well as extensive
information for host use. In the BC mode, the BCRT
uses a linked-list message scheme to provide the host
with message chaining capability. The BCRT enhances
memory use by supporting variable-size, relocatable
data blocks. In the RT mode, the BCRT implements
time-tagging and message history functions. It also
supports multiple (up to 128) message buffering and
variable length messages to any subaddress.

The UT1553B BCRT is an intelligent, versatile, and
easy to implement device -- a powerful asset to system
designers.

1.1 Features - Remote Terminal (RT) Mode

Indexing

The BCRT is programmable to index or buffer
messages on a subaddress-by-subaddress basis. The
BCRT, which can index as many as 128 messages,
can also assert an interrupt when either the selected
number of messages is reached or every time a
specified subaddress is accessed.

Variable Space Allocation
The BCRT can use as little or as much memory (up
to 64K) as needed.

Selectable Data Storage
Address programmability within the BCRT provides
flexible data placement and convenient access.

Sequential Data Storage
The BCRT stores/retrieves, by subaddress, all
messages in the order in which they are transacted.

Sequential Message Status Information

The BCRT provides message validity, time-tag, and
word-count information, and stores it sequentially in a
separate, cross-referenced list.

Illegalizing Mode Codes and Subaddresses
The host can declare mode codes and subaddresses
illegal by setting the appropriate bit(s) in memory.

Programmable Interrupt Selection
The host CPU can select various events to cause an

interrupt with provision for high and standard priority
interrupts.

Interrupt History List

The BCRT provides an Interrupt History List that
records, in the order of occurrence, the events that
caused the interrupts. The list length is program-
mable.

1.2 Features - Bus Controller (BC) Mode

Multiple Message Processing

The BCRT autonomously processes any number of
messages or lists of messages that may be stored in a
64K memory space.

Automatic Intermessage Delay

When programmed by the host, the BCRT can delay
a host-specified time before executing the next
message in sequence.

Automatic Polling

When polling, the BCRT interrogates the remote
terminals and then compares their status word
responses to the contents of the Polling Compare
Register. The BCRT can interrupt the host CPU if an
erroneous remote terminal status word response
occurs.

Automatic Retry

The BCRT can automatically retry a message on
busy, message error, and/or response time-out
conditions. The BCRT can retry up to four times on
the same or on the alternate bus.

Programmable Interrupt Selection

The host CPU can select various events to cause an
interrupt with provision for high and standard priority
interrupts.

Interrupt History List

The BCRT provides an Interrupt History List that
records, in the order of occurrence, the events that
caused the interrupts. The list length is program-
mable.

Variable Space Allocation
The BCRT uses as little or as much memory (up to
64K) as needed.

Selectable Data Storage
Address programmability within the BCRT provides
flexible data placement and convenient access.
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2.0 PIN IDENTIFICATION AND DESCRIPTION

BIPHASE OUT

BIPHASE IN

TERMINAL <
ADDRESS **

STATUS
SIGNALS

DMA
SIGNALS

CONTROL <
SIGNALS

~ RTA0—>|

TAZ €
TAO <
TBZ<—
TBO<—

RAZ —>
RAQ ——
RBZ ——>
RBO —>

RTA1—>
RTA2—>
RTA3
RTA4

RTPTY —>f

-
(STOINTL <—
STDINTP «<—
HPINT <—
TIMERON «—
COMSTR <—
SSYSF—>
BCRTF «—
CHA/B<—
TEST «—

DMAR «—
DMAG —>
DMAGO «—
DMACK «—
BURST «——
\_ TSCTL<—

4 RD —>
WR
cs
AEN —>
BCRTSEL —)
LOCK —>f
MRST —>
EXTOVR—>
_RRD <—
RWR «<—
MEMCSI—>

MEMCSO «<—

.

13
14
17
18

15
16
19
20

28
29
30
31
32
33

68
69
70
25
27
72
75
26
73

56
57
67
58
74
55

61
60
62
66
11
12
10
24
53
52
59
54

(K3)
(L2)
(L4)
(K6)

(L3)
(K4)
(KS)
(LS)

(K8)
(L9)
(L10)
(K9)
(L11)
(K10)

(A6) +
(A4)
(B4) +
(K7)
(L8)
(A2)
(B2)
(J7)
(B3)*

(A10)+
(A9)
(B5)
(B8) +
(A1)
(B9)

(B7)
(C7)
(A7)
(A5)
(L1 ) *x
(K2)it
(J2)
(L7) EE ]
(A11)
(c10)
(A8)**
(810)

(J10) 34
(K11) 35
(J11) 36
(H10) 37
(H11) 38
(G9) 39
(G10) 40
(G11) 41
(E9) 44
(E11) 45
(E10) 46
(F11) 47
(D11) 48

(D10) 49 |

(C11) 50
(B11) 51

(K1)
(J1)
(H2)
(H1)
(G3)
(G2)
(G1)
(F1)
(E1)

NGO NO®O

_—~—
mm
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~~
0 0 0
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—

(2]

-

~
NNNSN®
O N®O©O

(F10) 42
(B6) 63

(J5) 21
(C5) 65
(A3) 71

Y r

«—>D0 )

}
}

«—— CLK
(&—— MCLK
——> MCLKD2

A Pin internally pulled up.
+ Pin at high impedance when not asseted

++ Bidirectional pin.
. Formerly MEMWIN.

ADDRESS ,
LINES

DATA +
LINES

POWER

GROUND

CLOCK
SIGNALS

() Pingrid array lead identification in parentheses.
LCC, flatpack pin number not in parentheses.

Figure 2. BCRT Functional Pin Description
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Legend for TYPE and ACTIVE fields:

TUI = TTL Input (pull-up)

AL = Active low

AH = Active high

ZL = Active low - inactive state is high impedance
TI = TTL input

TO = TTL output

TTO = Three-state TTL output

TTB = Bidirectional

Notes:
1. Address and data buses are in the high-impedance state when idle.
2. Flatpack pin numbers are same as LCC.

ADDRESS BUS

NAME FINGVUMBER | TYPE | ACTIVE DESCRIPTION
A0 34 J10 TTB -- Bit 0 (LSB) of the Address bus
Al 35 K11 TTB - Bit 1 of the Address bus

A2 36 J11 TTB - Bit 2 of the Address bus

A3 37 H10 TTB -- Bit 3 of the Address bus

A4 38 H11 TTO - Bit 4 of the Address bus

AS 39 G9 TTO -- Bit 5 of the Address bus

Ab 40 G10 TTO -- Bit 6 of the Address bus

A7 41 G11 TTO - Bit 7 of the Address bus

A8 44 E9 TTO - Bit 8 of the Address bus

A9 45 El1 TTO -- Bit 9 of the Address bus

A10 46 E10 TTO =" Bit 10 of the Address bus

All 47 F11 TTO - Bit 11 of the Address bus

Al12 48 D11 TTO - Bit 12 of the Address bus

Al3 49 D10 TTO - Bit 13 of the Address bus

Al4 50 C11 TTO - Bit 14 of the Address bus

AlS 51 B11 TTO -- Bit 15 (MSB) of the Address bus
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DATA BUS

PIN NUMBER

NAME LCC PGA TYPE | ACTIVE DESCRIPTION

DO 9 K1 TTB - Bit 0 (LSB) of the Data bus

D1 8 J1 TTB - Bit 1 of the Data bus

D2 7 H2 TTB -- Bit 2 of the Data bus

D3 6 H1 TTB - Bit 3 of the Data bus

D4 5 G3 TTB - Bit 4 of the Data bus

DS 4 G2 TTB - Bit 5 of the Data bus

D6 3 G1 TTB -- Bit 6 of the Data bus

D7 2 F1 TTB - Bit 7 of the Data bus

D8 83 El TTB - Bit 8 of the Data bus

D9 82 E2 TTB - Bit 9 of the Data bus

D10 81 F2 TTB - Bit 10 of the Data bus

D11 80 D1 TTB - Bit 11 of the Data bus

D12 79 D2 TTB - Bit 12 of the Data bus

D13 78 C1 TTB - Bit 13 of the Data bus

D14 77 B1 TTB - Bit 14 of the Data bus

D15 76 C2 TTB -- Bit 15 (MSB) of the Data bus

TERMINAL ADDRESS INPUTS
PIN NUMBER

NAME LCC PGA TYPE | ACTIVE DESCRIPTION

RTAO 28 K8 TUI - Remote Terminal Address Bit 0 (LSB). The entire
RT address is strobed in at Master Reset. Verify it
by reading the Remote Terminal Address Register.
All the Remote Terminal Address bits are internally]
pulled up.

RTA1 29 L9 TUI - Remote Terminal Address Bit 1. This is bit 1 of
the Remote Terminal Address.

RTA2 30 L10 TUI - Remote Terminal Address Bit 2. This is bit 2 of
the Remote Terminal Address.

RTA3 31 K9 TUI -- Remote Terminal Address Bit 3. This is bit 3 of
the Remote Terminal Address.

RTA4 32 Li1 TUI - Remote Terminal Address Bit 4. This is bit 4
(MSB) of the Remote Terminal Address.

RTPTY 33 K10 TUI - Remote Terminal (Address) Parity. This is an odd
parity input for the Remote Terminal Address.
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CONTROL SIGNALS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

RD

61

B7

TI

AL

Read. The host uses this in conjunction with
CS to read an internal BCRT register.

60

C7

TI

AL

Write. The host uses this in conjunction with
TS to write to an internal BCRT register.

62

A7

TI

AL

Chip Select. This selects the BCRT when
accessing the BCRT’s internal register.

AEN

66

AS

TI

AH

Address Enable. The host CPU uses AEN to
indicate to the BCRT that the BCRT’s address
lines can be asserted; this is a precautionary signal
provided to avoid address bus crash. If not used, it
must be tied high.

BCRTSEL

11

L1

TUI

BC/RT Select. This selects between either the Bus
Controller or Remote Terminal mode. The BC/RT
Mode Select bit in the Control Register overrides
this input if the LOCK pin is not high. This pin

is internally pulled high.

LOCK

12

K2

TUI

AH

Lock. When set, this pin prevents internal changes
to both the RT address and BC/RT mode select
functions. This pin is internally pulled high.

EXTOVR

24

L7

TUI

AL

External Override. Use this in multi-redundant
applications. Upgn receipt, the BCRT aborts all
current activity. EXTOVR should be connected
to COMSTR output of the adjacent BCRT when
used. This pin is internally pulled high.

10

J2

TI

AL

Master Reset. This resets all internal state
machines, encoders, decoders, and registers. The
minimum pulse width for a successful Master Reset
is 500ns.

MEMCSO

54

B10

TO

AL

Memory Chip Select Out. This is the regenerated
MEMCSTI input for external RAM during the
pseudo-dual-port RAM mode. The BCRT also
uses it to select external memory during memory
accesses.

MEMCSI

59

A8

TUI

AL

Memory Chip Select In. Used_in the pseudo-
dual-port RAM mode only, MEMCSI is received
from_the host and is propagated through to
MEMCSO.

RRD

53

All

TO

AL

RAM Read. In the pseudo-dual-port RAM mode

the host uses this signal in conjunction with MEMLZED
to read from external RAM through the BCRT.

It is also the signal the BCRT uses to read
from_memory. It is asserted following receipt

of DMAG. When the BCRT performs multiple

reads, this signal is pulsed.

RWR

52

C10

TO

AL

RAM Write. In the pseudo-dual-port RAM mode,
the CPU and BCRT use this to write to external
RAM. This signal is asserted following receipt of
DMAG. For multiple writes, this signal is pulsed.
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STATUS SIGNALS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

STDINTL

68

Ab

ZL

Standard Interrupt Level. This is a level interrupt.
It is asserted when one or more events enabled in
either the Standard Interrupt Enable Register, RT
Descriptor, or BC Command Block occur. Resetting
the Standard Interrupt bit in the High-Priority
Interrupt Status/Reset Register clears the interrupt.

STDINTP

69

A4

TO

AL

Standard Interrupt Pulse. STDINTP pulses when an
interrupt is logged.

HPINT

70

B4

ZL

High-Priority Interrupt. The High-Priority Interrupt
level is asserted upon occurence of events enabled
in the High-Priority Interrupt Enable Register. The
corresponding bit(s) in the Hi%h-Priority Interrupt

Status/Reset Register reset

TIMERON

25

K7

TO

AL

(RT) Timer On. This is a 760-microsecond fail-
safe transmitter enable timer. Started at the
beginning of a transmission, goes
inactive 760 microseconds later or is reset
automatically with the recelgt of_a new command.
Use it in conjunction with CHA/B output to
provide a fail-safe timer for Channels A and B
transmitters.

27

L8

TO

AL

(RT) Command Strobe. The BCRT asserts this
signal after receiving a valid command. The BCRT
deactivates it after servicing the command.

SSYSF

72

A2

TI

AH

Subsystem Fail. Upon receipt, this signal
propagates directly to the RT 1553 status word
and the BCRT Status Register.

BCRTF

75

B2

TO

AH

BCRT Fail. This indicates a Built-In-Test (BIT)
failure. In the RT mode, the Terminal Flag bit in
1553 status word is also set.

CHA/B

26

J7

TO

Channel A/B. This indicates the active or last
active channel.

TEST

73

B3

TO

AL

Test. This pin is used as a factory test pin.
(Formerly MEMWIN.)

BIPHASE INPUTS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

RAO

16

K4

TI

Receive Channel A One. This is the Manchester-
encoded true signal input from Channel A of the
bus receiver.

RAZ

15

L3

TI

Receive Channel A Zero. This is the Manchester-
encoded complementary signal input from Channel
A of the bus receiver.

RBO

20

LS

TI

Receive Channel B One. This is the Manchester-
encoded true signal input from Channel B of the
bus receiver.

RBZ

19

Ks

TI

Receive Channel B Zero. This is the Manchester-
encoded complementary signal input from Channel
B of the bus receiver.
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BIPHASE OUTPUTS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

TAO

14

L2

TO

Transmit Channel A One. This is the Manchester-
encoded true output to be connected to the Chan-
nel A bus transmitter input. This signal is idle low.

TAZ

13

K3

TO

Transmit Channel A Zero. This is the Manchester-
encoded complementary output to be connected to
the Channel A bus transmitter input. This signal is
idle low.

TBO

18

K6

TO

Transmit Channel B One. This is the Manchester-
encoded true output to be connected to the Chan-
nel B bus transmitter input. This signal is idle low.

TBZ

17

L4

TO

Transmit Channel B Zero. This is the Manchester-
encoded complementary output to be connected
to the Channel B bus transmitter input. This signal
is idle low.

DMA SIGNALS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

DMAR

56

Al10

ZL

DMA Request. The BCRT issues this signal
when access to RAM is required. It goes
inactive after receiving a DMAG signal.

57

A9

TI

AL

DMA Grant. This input to the BCRT allows
the BCRT to access RAM. It is recognized 45 ns
before the rising edge of MCLKD2.

DMAGO

67

BS

TO

AL

DMA Grant Out. If DMAG is received but not
needed, it passes through to this output.

DMACK

58

B8

ZL

DMA Acknowledge. The BCRTM asserts this
signal to confirm receipt of DMAG:; it stays
low until memory access is complete.

BURST

74

Al

TO

AH

Burst (DMA Cycle). This indicates that the current
DMA cycle transfers at least two words; worst case
is five words plus a “dummy” word.

TSCTL

55

B9

TO

AL

Three-State Control. This signal indicates when
the BCRT is actually accessing memory. The host
subsystem’s address and data lines must be in the
high-impedance state when the signal is active.
This signal assists in placing the external data and
address buffers into the high-impedance state.
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CLOCK SIGNALS

PIN NUMBER
NAME LCC PGA TYPE | ACTIVE DESCRIPTION
CLK 21 J5 TI -- Clock. The 12 MHz input clock requires a 50%

+/-10% duty cycle with an accuracy of +/-0.01%.
The accuracy is required in order to meet the
Manchester encoding/decoding requirements of
MIL-STD-1553B.

MCLK 65 Cs TI -- Memory Clock. This is the input clock frequency
the BCRT uses for memory accesses. The memory
cycle time is equal to two MCLK cycles. There-
fore, RAM access time is dependent upon the
chosen MCLK frequency (6 MHz minimum,

12 MHz maximun?). Please see the BCRT DMA
timing diagrams in this data sheet.

MCLKD2 71 A3 TO - Memory Clock Divided by Two. This signal is the
Memory Clock input divided by two. It assists the
host subsystem in synchronizing DMA events.

POWER AND GROUND

NAME fg‘(‘: NUN{,‘g‘:f TYPE | ACTIVE DESCRIPTION
Vbb 23 L6 PWR - +5V

Vbb 43 F9 PWR - +5V

Vob 64 c6 PWR - +5V

Vob 84 E3 PWR - +5V

Vss 1 F3 GND - Ground

Vss 22 6 GND - Ground

Vss 42 F10 GND - Ground

Vss 63 B6 GND - Ground
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3.0 INTERNAL REGISTERS

The BCRT’s internal registers (see table 1 on pages parameters are used in both RT and BC modes
16-17) enable the CPU to control the actions of the except where indicated. Registers are addressed by
BCRT while maintaining low DMA overhead by the the binary equivalent of their decimal number. For
BCRT. All functions are active high and ignored example, Register 1 is addressed as 0001B. Register
when low unless stated otherwise. Functions and usage is defined as follows:

#0 Control Register

Bit Description
Number
BIT 15-12 Reserved.

BIT 11  Enable External Override. For use in multi-redundant systems. This bit enables the EXTOVR pin.

BIT 10 BC/RT Select. This function selects between the Bus Controller and Remote Terminal
operation modes. It overrides the external BCRTSEL input setting if the Change Lock-Out function
is not used. A reset operation must be performed when changing between BC and RT modes. This
bit is write-only.

BIT 9 (BC) Retry on Alternate Bus. This bit enables an automatic retry to operate on alternate buses.
For example, if on bus A, with two automatic retries programmed, the automatic retries occur on
bus B.

BIT 8 (RT) Channel B Enable. When set, this bit enables Channel B operation.
(BC) No significance.

BIT 7 (RT) Channel A Enable. When set, this bit enables Channel A operation.
(BC) Channel Select A/B. When set, this bit selects Channel A.

BITs 6-5 (BC) Retry Count. These bits program the number (1-4) of retries to attempt. (00 = 1 retry,
11 = 4 retries)

BIT 4 (BC) Retry on Bus Controller Message Error. This bit enables automatic retries on an error the Bus
Controller detects (see the Bus Controller Architecture section, page 27).

BIT 3 (BC) Retry on Time-Out. This bit enables an automatic retry on a response time-out condition.

BIT 2 (BC) Retry on Message Error. This bit enables an automatic retry when the Message Error bit is set
in the RT’s status word response.

BIT 1 (BC) Retry on Busy. This bit enables automatic retry on a received Busy bit in an RT status word
response.

BIT 0 Start Enable. In the BC mode, this bit starts/restarts Command Block execution. In the RT
mode, it enables the BCRT to receive a valid command. RT operation does not start until a
valid command is received. When using this function:

® Restart the BCRT after each Master Reset or programmed reset.
e This bit is not readable; verify operation by reading bit 0 of the BCRT’s Status Register.
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#1 Status Register (Read Only)
These bits indicate the BCRT’s current status.

Bit Description

Number

BIT 15  TEST. This bit reflects the inverse of the TEST output. It changes state simultaneously with the
TEST output.

BIT 14 (RT) Remote Terminal Active. Indicates that the BCRT, in the Remote Terminal
mode, is presently servicing a command. This bit reflects the inverse of the COMSTR
pin.

BIT 13 (RT) Dynamic Bus Control Acceptance. This bit reflects the state of the Dynamic Bus Control
Acceptance bit in the RT status word (see Register 10 on page 15).

BIT 12 (RT) Terminal Flag bit is set in RT status word. This bit reflects the result of writing to Register 10,
bit 11. .

BIT 11 (RT) Service Request bit is set in RT status word. This bit reflects the result of writing to
Register 10, bit 10. '

BIT 10  (RT) Busy bit is set in RT status word. This bit reflects the result of writing to Register 10,
bits 9 or 14.
BIT 9 BIT is in progress.

BIT 8 Reset is in progress. This bit indicates that either a write to Register 12 has just occurred or the
BCRT has just received a Reset Remote Terminal (#01000) Mode Code. This bit remains set less
than one microsecond.

BIT 7 BC/RT Mode. Indicates the current mode of operation. A reset operation must be performed
when changing between BC and RT modes.

BIT 6 Channel A/B. Indicates either the channel presently in use or the last channel used.

BIT § Subsystem Fail Indicator. Indicates receiving a subsystem fail signal from the host subsystem on the

SSYSF input.
BITs 4-1 Reserved.

BIT 0 (BC) Command Block Execution is in progress. (RT) Remote Terminal is in operation. This bit
reflects bit 0 of Register 0.

#2 Current Command Block Register (BC)/Remote Terminal Descriptor Space Address Register (RT)
(BC) This register contains the address of the head pointer of the Command Block being executed. Accessing a
new Command Block updates it.

(RT) The host CPU initializes this register to indicate the starting location of the RT Descriptor Space. The host
must allocate 320 sequential locations following this starting address. For proper operation, this location must
start on an I x 512 decimal address boundary, where I is an integer multiple. (I = 0 is valid boundary
condition.)

#3 Polling Compare Register

In the polling mode, the CPU sets the Polling Compare Register to indicate the RT response word on which the
BCRT should interrupt. This register is 11 bits wide, corresponding to bit times 9 through 19 of the RT’s 1553
status word response. The sync, Remote Terminal Address, and parity bits are not included (see the section on
Polling, page 30).
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#4 BIT (Built-In-Test) Word Register

The BCRT uses the contents of this register when it responds to the Transmit BIT Word Mode Code (#10011).
In addition, the BCRT writes to the two most significant bits of the BIT Word Register in response to either an
Initiate Self-Test Mode Code (RT mode) or a write to Register 11 (BIT Start Command). If the BIT Word
needs to be modified, it can be read out, modified, then rewritten to this register. Note that if the processor
writes a “1” to either bit 14 or 15 of this register, it effectively induces a BIT failure.

Bit Description
Number
BIT 15 Channel B. Failure.

BIT 14 Channel A. Failure.
BITs 13-0 BIT Word. The least significant fourteen bits of the BIT Word are user programmable.

#5 Current Command Register (Read Only)

In the RT mode, this register contains the command currently being processed. When not processing a
command, the BCRT stores the last command or status word transmitted on the 1553B bus. This register is
updated only when bit 0 of Register 0 is set. In the BC mode, this register contains the most current command
sent out on the 1553B bus.

#6 Interrupt Log List Pointer Register
Initialized by the CPU, the Interrupt Log List Pointer Register indicates the start of the Interrupt Log List. After
each list entry, the BCRT updates this register with the address of the next entry in the list. (See page 33.)

#7 High-Priority Interrupt Enable Register (R/W)

Setting the bits in this register causes a High-Priority Interrupt when the enabled event occurs. To service the
High-Priority Interrupt, the user reads Register 8 to determine the cause of the interrupt, then writes to Register
8 to clear the appropriate bits. The BCRT also provides a Standard Priority Interrupt Scheme that does not
require host intervention. If High-Priority Interrupt service is not possible in a given application, it is advisable to
use the Standard Priority features.

Bit Description

Number

BITs 15-9 Reserved.

BIT 8 Data Overrun Enable. When set, this bit enables an interrupt when DMAG was not received by the

BCRT within the allotted time needed for a successful data transfer to memory.

BIT 7 (BC) Illogical Command Error Enable. This bit enables a High-Priority Interrupt to be asserted upon
the occurrence of an Illogical Command. Illogical commands include incorrectly formated RT-RT
Command Blocks.

BIT 6 (RT) Dynamic Bus Control Mode Code Interrupt Enable. When set, the BCRT asserts an interrupt
when the Dynamic Bus Control Mode Code is received.

BIT § Subsystem Fail Enable. When set, a High-Priority Interrupt is asserted after receiving a Subsystem
Fail (SSYSF) input pin.

BIT 4 End of BIT Enable. This bit indicates the end of the internal BIT routine.

BIT 3 BIT Word Fail Enable. This bit enables an interrupt indicating that the BCRT detected a BIT
failure.

BIT 2 (BC) End of Command Block List Enable (see Command Block Control Word, page 29.) This
interrupt can be superseded by other high-priority interrupts.

BIT 1 Message Error Enable. If enabled, a High-Priority Interrupt is asserted at the occurrence of a
message error. If a High-Priority Interrupt condition occurs, as the result of an enabled message
error, the device will halt operation until the user clears the interrupt by writing a “1” to bit 1 of the
High-Priority Interrupt Status/Reset Register (Reg. #8). If this interrupt is not cleared, the BCRT
remains in the HALTED state (appearing to be “locked-up”), even if it receives a valid message.
This High-Priority Interrupt scheme is necessary in order to maintain the BCRT’s state of operation
so that the host CPU has this information available at the time of interrupt service.

BIT 0 Standard Interrupt Enable. Setting this bit enables the STDINTL pin, but does not cause a
high-priority interrupt. If low, only the STDINTP pin is asserted when a Standard Interrupt occurs.
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#8 High-Priority Interrupt Status/Reset Register

When a High-Priority Interrupt is asserted, this register indicates the event that caused it. To clear the interrupt
signal and reset the bit, write a “1” to the appropriate bit. See the corresponding bit definitions of Register 7,
High-Priority Interrupt Enable Register.

Bit
Number
BITs 15-9

BIT 8
BIT 7
BIT 6
BIT 5
BIT 4
BIT 3
BIT 2
BIT 1
BIT 0

Description

Reserved.

Data Overrun.

Illogical Command.

Dynamic Bus Control Mode Code Received.
Subsystem Fail.

End of BIT.

BIT Word Fail.

End of Command Block.

Message Error.

Standard Interrupt. The BCRT sets this bit when any Standard Interrupt occurs, providing bit 0 of
Register 7 is enabled. (Reset STDINTL output.)

#9 Standard Interrupt Enable Register
This register enables Standard Interrupt logging for any of the following enabled events (Standard Interrupt
logging can also occur for events enabled in the BC Command Block or RT Subaddress/Mode Code Descriptor):

Bit
Number
BITs 15-6
BIT 5
BIT 4

BIT 3

BIT 2

BIT 1
BIT 0

Description

Reserved.

(RT) Illegal Broadcast Command. When set, this bit enables an interrupt indicating that an Illegal
Broadcast Command has been received.

(RT) Illegal Command. When set, this bit enables an interrupt indicating that an illegal command has
been received.

(BC) Polling Comparison Match. This enables an interrupt indicating that a polling event has
occurred. The user must also set bit 12 in the BC Command Block Control Word for this interrupt
to occur.

(BC) Retry Fail. This bit enables an interrupt indicating that all the programmed number of retries
have failed.

(BC,RT) Message Error Event. This bit enables a standard interrupt for message errors.

(BC) Command Block Interrupt and Continue. This bit enables an interrupt indicating that a
Command Block, with the Interrupt and Continue Function enabled, has been executed.
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#10 Remote Terminal Address Register
This register sets the Remote Terminal Address via software. The Change Lock-Out Enable feature, when set,
prevents the Remote Terminal Address or the BCRT Mode Selection from changing.

Bit Description
Number
BIT 15 (RT) Instrumentation. Setting this bit sets the RT status word Instrumentation bit.

BIT 14 (RT) Busy. Setting this bit sets the RT status word Busy bit. It does not inhibit data transfers to the
subsystem.

BIT 13 (RT) Subsystem Fail. Setting this bit sets the RT status word Subsystem Flag bit. In the RT mode,
the Subsystem Fail is also logged into the Message Status Word.

BIT 12 (RT) Dynamic Bus Control Acceptance. Setting this bit sets the RT status word Dynamic Bus
Control Acceptance bit when the BCRT receives the Dynamic Bus Control Mode Code from the
currently active Bus Controller. Host intervention is required for the BCRT to take over as the
active Bus Controller.

BIT 11 (RT) Terminal Flag. Setting this bit sets the RT status word Terminal Flag bit; the Terminal Flag bit
in the RT status word is also internally set if the BIT fails.

BIT 10 (RT) Service Request. Setting this bit sets the RT status word Service Request bit.

BIT 9 (RT) Busy Mode Enable. Setting this bit sets the RT status word Busy bit and inhibits all data
transfers to the subsystem.

BIT 8 BC/RT Mode Select. This bit's state reflects the external pin BCRTSEL. It does not necessarily
reflect the state of the chip, since the BC/RT Mode Select is software-programmable via bit 10 of
Register 0. This bit is read-only.

BIT 7 Change Lock-Out. This bit’s state reflects the external pin LOCK. When set, this bit indicates that
changes to the RT address or the BC/RT Mode Select are not allowed using internal registers. This
bit is read-only.

BIT 6 Remote Terminal Address Parity Error. This bit indicates a Remote Terminal Address Parity error. It
appears after the Remote Terminal Address is latched if a parity error exists.

BIT 5 Remote Terminal Address Parity. This is an odd parity input bit used with the Remote Terminal
Address. It ensures accurate recognition of the Remote Terminal Address.

BITs 4-0 Remote Terminal Address (Bit 0 is the LSB). This reflects the RTA4-0 inputs at Master Reset.
Modify the Remote Terminal Address by writing to these bits.

#11 BIT Start Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location initiates the internal BIT routine, which lasts
100 ps. Verify using the BIT-in-progress bit in the Status Register. A programmed reset (write to Register 12)
must precede a write to this register to initiate the internal BIT. A failure of the BIT will be indicated in Register
4 and the BCRTF pin.

The BCRT’s self-test performs an internal wrap around test between its Manchester encoder and its two
Manchester decoders. If the BCRT detects a failure on either the primary or the secondary channel, it flags this
failure by setting bit 14 of Register 4 (BIT Word Register) for Channel A and/or bit 15 for Channel B. When in
the Remote Terminal mode, while the BCRT is performing its self-test, it ignores any commands on the 1553
bus until it has completed the self-test.

#12 Programmed Reset Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location initiates a reset sequence of the
encoder/decoder and protocol sections of the BCRT which lasts less than 1 microsecond. This is identical to the
reset used for the Reset Remote Terminal Mode Code except that command processing halts. For a total reset
(i.e., including registers), see the MRST signal description.

#13 RT Timer Reset Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location resets the RT Time Tag timer to zero. The
BCRT’s Remote Terminal Timer time-tags message transactions. The time tag is generated from a free-running
eight-bit timer of 64 microseconds resolution. This timer can be reset to zero simply by writing to Register 13.
When the timer is reset, it immediately starts running.
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#0

#1

#2

#3

#4

#5

#6

#7

#8

BC/RT CONTROL REGISTER

15 14 13 12 1 10 9 8
['unusep T unusep | unusep | unusep | extovk | Bc/RT | RTYALTB | BUSBEN |
7 6 5 4 3 2 1 0
CHNSEL RTYCNT |RTYBCME | RTYTO | RTYME IRTYBSY ] STEN |

BC/RT STATUS REGISTER
15 14 13 12 11 10 9 8

[ 7est [ mrAacT [ ovnsus [RTFLac | sra | Busy | BT | RESET |
7 6 5 4 3 2 1 )

[ Bc/rRT [ Busa/s | ssFaiL | unusep | unusep | unNusep | unusep | cmekpa |

(BC) CURRENT COMMAND BLOCK REGISTER
(RT) REMOTE TERMINAL DESCRIPTOR SPACE ADDRESS REGISTER

15 14 13 12 1 10 9 8
[ as T aa T a3 [ a2 | a1t | a0 | a9 | as |
7 6 5 4 3 2 1 0
[ a7 7T a6 [ as T A | as | a2 [ at [ a0 |
POLLING COMPARE REGISTER
15 14 13 12 11 10 9 8
[x T x T x T x T x [wmseerr] instR | sra |
7 6 5 4 3 2 1 0

[ sweT12 | swaT1a | sweti4 | BrocsT | Busy | ssFLac| DBc | RTFLAG |

BIT WORD REGISTER

15 14 13 12 1 10 9 8
[ cHBrAL ] cHAFAL] D13 | b1z | o1t | pto | pe | ps |
7 3 5 4 3 2 1 0
[ o7 T o6 [ o5 [ oa [ s | p2 | bt [ po |
CURRENT COMMAND REGISTER
15 14 13 12 11 10 9 8
[ o5 [ p1a | o13 | o2 | o1 | po [ pe | ps |
7 6 5 4 3 2 1 0
[ o7 ] o6 [ os | oa [ o3 | D2 J bt [ po ]
INTERRUPT LOG LIST POINTER REGISTER
- 15 14 13 12 1 10 9 8
[ as [ a4 [ a3 [ a2 [ ann | a0 [ ae | as ]
7 6 5 4 3 2 1 0
[ ar T as | as T aa | a3 | a2 [ At ] a0 ]
BCRT HIGH-PRIORITY INTERRUPT ENABLE REGISTER
15 14 13 12 1 10 9 8
[ unusep [ unusep | unusep | unuseD | unusep | UNUSED | UNUSED | DMAERR |
7 6 5 4 3 2 1 0
[ cmperr | DYnBus [ ssFaiL [ EnpBiT  [BITFAL | EoL | MSGERR | STDINT |
BCRT HIGH-PRIORITY INTERRUPT STATUS/RESET REGISTER
15 14 13 12 11 10 9 8
[LunuseD | unusep | UNUsED | UNUSED | UNUSED | UNUSED | UNUSED | DATOVR |
7 6 5 4 3 2 1 0
[icmp | pyneus [ ssFAIL [ ENDBIT [BITFAIL | EOL | MSGERR | STDINT |

Table 1. BCRT Registers
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#9 STANDARD INTERRUPT ENABLE REGISTER
15 14 13 12+ 11 10 9 8

['unusep | unusep | unusep [ unusep [ unusep | unusep | unuseb | unusep |
7 6 5 4 3 2 1 0
['unusep [ unusep [ ieemp [ iemp  [PoLFAIL [RTYFAIL | MSGERR | cMDBLK |

#10 REMOTE TERMINAL ADDRESS REGISTER

15 14 13 12 11 10 9 8
[nstR [ Busy2 [ssFriaa| pBc | RTFLAa [ sra | Busyt [ Be/RT |
7 6 5 4 3 2 1 0
[ "Lock T Parerr [ rTAPAR | RTA4 [ RTA3 | RTA2 | RTA1 | RTAO |
#11  BUILT-IN-TEST START REGISTER
15 14 13 12 11 10 9 8
L x T x [T x | x | x [ x | x [ x |
7 6 5 4 3 2 1 0
Cx [ x [ x [ x | x | x [ x | x |
#12 PROGRAMMED RESET REGISTER
15 14 13 12 11 10 9 8
L x T x T x T x T x [ x T x T x ]
7 6 5 4 3 2 1 0
L x [ x [ x [ x | x | x J x | x |
#13  REMOTE TERMINAL TIMER RESET REGISTER
15 14 13 12 11 10 9 8
L x T x [ x [ x [ x [ x [ x [ x ]
7 6 5 4 3 2 1 0
L x [ x [ x [ x | x [ x [ x [ x |

X= DON'T CARE

Table 1. BCRT Registers (continued from page 16)

4.0 SYSTEM OVERVIEW

The BCRT can be configured for a variety of
RAM processor and memory environments. The host
CPU MEMORY processor and the BCRT communicate via a flexible,
CONTROL SIGNALS programmable interrupt structure, internal registers,

and a user-definable shared memory area. The shared
memory area (up to 64K) is completely
user-programmable and communicates BCRT control
information -- message data, and status/error

BCRT information.

3

RRD

— Built-in memory management functions designed
RWR .| specifically for MIL-STD-1553B applications aid
MEMCSO! MEWCSI processor off-loading. The host needs only to establish

--------- the parameters within memory so the BCRT can
access this information as required. For example, in
the RT mode, the BCRT can store data associated
Figure 3a. Pseudo Dual-Port RAM with individual subaddresses anywhere within its 64K
Control Signals address space. The BCRT then can automatically
buffer up to 128 incoming messages of the same
subaddress, thus preventing the previous messages
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from being overwritten by subsequent messages. This
buffering also extends the intervals required by the
host processor to service the data. Selecting an
appropriate MCLK frequency to meet system memory
access time requirements controls the memory access
rate. The completion of a user-defined task or the
occurrence of a user-selected event is indicated by
using the extensive set of interrupts provided.

In the BC mode, the BCRT can process multiple
messages, assist in scheduling message lists, and
provide host-programmable functions such as auto
retry. The BCRT is incorporated in systems with a
variety of interrupt latencies by using the Interrupt
History List feature (see Exception Handling and
Interrupt Logging, page 33). The Interrupt History
List sequentially stores the events that caused the
interrupt in memory without losing information if a
host processor does not respond immediately to an
interrupt.

5.0 SYSTEM INTERFACE

5.1 DMA Transfers

The BCRT initiates DMA transfers whenever it
executes command blocks (BC mode) or services
commands (RT mode). DMAR initiates the transfer
and is terminated by the inactive edge of DMACK.
The Address Enable (AEN) input enables the BCRT
to output an address onto the Address bus.

The BCRT requests transfer cycles by asserting the
DMAR output, and initiates them when a DMAG
input is received. A DMACK output indicates

that the BCRT has control of the Data and Address
buses. The TSCTL output is asserted when the
BCRT is actually asserting the Address and Data
buses.

To support using multiple bus masters in a system,
the BCRT outputs the DMAGO signal that results
from the DMAG signal passing through the chip when
a BCRT bus request was not generated (DMAR
inactive). You can use DMAGO in daisy-chained
multimaster systems.

5.2 Hardware Interface

The BCRT provides a simple subsystem interface and
facilitates DMA arbitration. The user can configure
the BCRT to operate in a variety of
memory-processor environments including the
pseudo-dual-port RAM and standard DMA
configurations.

For complete circuit description, such as arbitration
logic and 1/O, please refer to the appropriate
application note.

5.3 CPU Interconnection

Pseudo-Dual-Port RAM Configuration

The BCRT’s Address and Data buses connect directly
to RAM, with buffers isolating the BCRT’s buses from
those of the host CPU (figures 3a and 3b). The
CPU’s memory control signals (RD, WR, and
MEMCSI) pass through the BCRT and connect to
memory as RRD, RWR and MEMCSO.

Standard DMA Configuration

The BCRT’s and CPU’s data, address, and control
signals are connected to each other as shown in
figures 3¢ and 3d. The RWR RRD, and MEMCSO
are activated after DMAG is asserted.

In either case, the BCRT’s Address and Data buses
remain in a high-impedance state unless the CS and
RD signals are active, indicating a host register access;
or TSCTL is asserted, indicating a memory access by
the BCRT. CPU attempts to access BCRT registers
are ignored during BCRT memory access. Inhibit
DMA transfers by using the Busy function in the
Remote Terminal Address Register while operating in
the Remote Terminal mode.

The designer can use TSCTL to indicate when the
BCRT is accessing memory. AEN is also available
(use is optional), giving the CPU control over the
BCRT’s Address bus. A DMA Burst (BURST) signal
indicates multiple DMA accesses.

Register Access

Registers 0 through 13 are accessed with the decode
of the four LSBs of the Address bus (A0-A3) and
asserting CS. Pulse either RD or WR for multiple
register accesses.
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16 DATA BUFFERS

(/ L. \)
< HOST
RAM 16 ADDRESS | :‘(, CPU
K 1
) g U
CONTROL BCRT CONTROL/ARBITRATION
(DUAL REDUNDANT)
TRANSMITTER
- H- TIMEOUT
DUAL
TRANSCEIVER
I 9. 9.9.9.0.0.©.9,
1553 BUS

sus 8 S X X X X XXX D

Figure 3b. CPU/BCRT Interface -- Pseudo-Dual-Post RAM Configuration
5.4 RAM Interface 5.5 Transmitter/Receiver Interface
The BCRT’s RRD, RWR, and MEMCSO signals serve The BCRT’s Manchester II encoder/decoder
as read and write controls during BCRT memory interfaces directly with the 1553 bus transceiver, using
accesses. The host subsystem signals RD, WR, and the TAO-TAZ and RAZ-RAO signals for Channel A,
MEMCSI propagate through the BCRT to become and TBO-TBZ and RBZ-RBO signals for Channel B.

RRD, RWR and MEMCSO outputs to support a
pseudo-dual-port. During BCRT-RAM data transfers,
the host subsystem’s memory signals are ignored until
the BCRT access is complete.

ADDRESS BUS

DMAR DMAG DMACK

BCRT

RRD RWR MEMCSO

CPU
DATA BUS
OE
SHARED _
MEMORY WE
AREA .
cs

Figure 3c. DMA Signals
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RAM

/]
2. AN
K DATA P
pa— ]
BCRT (ADDRESS A cpu
CONTROL
MEMORY ™ BUFFER
- T ARBITRATION 7
DUAL
TRANSCEIVER
L1 | .
XFMR | | XFMR |
BUS A
1553 BUS
BUS B

Figure 3d. CPU/BCRT Interface -- DMA Configuration

The BCRT also provides a TIMERON signal output
and an active channel output indicator (CHA/B) to
assist in meeting the MIL-STD-1553B fail-safe timer
requirements (see figure 4).

BCRT
TIMERON
CHANNEL A | CHANNEL B [CHA/B
CHANNEL A CHANNEL B
TXINHA DUAL TXINHB
TRANSCEIVER

Figure 4. Dual-Channel Transceiver

6.0 REMOTE TERMINAL
ARCHITECTURE

The Remote Terminal architecture is a descriptor-
based configuration of relevant parameters. It is
composed of an RT Descriptor Space (see figure 5)
and internal, host-programmable registers. The
Descriptor Space contains only descriptors.

Descriptors contain programmable subaddress
parameters relating to handling message transfers.
Each descriptor consists of four words: (1) a Control
Word, (2) a Message Status List Pointer, (3) a Data
List Pointer, and (4) an unused fourth word (see
figure 6.) These words indicate how to perform the
data transfers associated with the designated
subaddress.

A receive descriptor and a transmit descriptor are
associated with each subaddress. The descriptors
reside in memory and are listed sequentially by
subaddress. By using the index within the descriptor,
the BCRT can buffer incoming and outgoing
messages, which reduces host CPU overhead. This
message buffering also reduces the risk of incoming
messages being overwritten by subsequent incoming
messages.

Each descriptor contains a programmable interrupt
structure for subsystem notification of user-selected
message transfers and indicates when the message
buffers are full. Illegalizing subaddresses, in normal
and broadcast modes, is accomplished by using
programmable bits within the descriptor (see the RT
Functional Operation section on next page).

Message Status information -- including word count,
an internally generated time tag, and broadcast and
message validity information -- is provided for each
message. The Message Status Words are stored in a
separate Message Status Word list according to
subaddress. The list’s starting locations are
programmable within the descriptor.
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E RECEIVE | SUBADDRESS #1

- STARTING ADDRESS | RECEIVE | SUBADDRESS #2
INITIALIZED BY CPU o
IN THE RT DESCRIPTOR P4
SPACE REGISTER °

RECEIVE | SUBADDRESS #31

UNUSED

TRANSMIT| SUBADDRESS #1

TRANSMIT| SUBADDRESS #2

TRANSMIT| SUBADDRESS #31

UNUSED

MODE CODE
#'S0&16
MODE CODE
#'S1&17

Figure 5. Descriptor Space

Message data, received or transmitted, is also stored
in lists. The message capacity of the lists and the lists’
locations are user selectable within the descriptor.

6.1 RT Functional Operation

The RT off-loads the host computer of all routine
data transfers involved with message transfers over the
1553B bus by providing a wide range of user-
programmable functions. These functions make the
BCRT’s operation flexible for a variety of
applications. The following paragraphs give each
function’s operational descriptions.

6.1.1 RT Subaddress Descriptor Definition

The host sets words within the descriptor. The BCRT
then reads the descriptor words when servicing a
command corresponding to the specified descriptor.
All bit-selectable functions are active high and
inhibited when low.

ILLEGAL BROADCAST
SUBADDRESS

ILLEGAL
SUBADDRESS

INTERRUPT WHEN
ADDRESSED

INDEX =0

I—-INTERRUPT WHEN

15 0 9 8 7 6 0

UNUSED | 1| | | 1 INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

FOR FUTURE EXPANSION

Figure 6. Remote Terminal Subaddress Descriptor
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A. Control Word. The first word in the descriptor, the Control Word, selects or disables message transfers and
selects an index.

Bit Description
Number
BITs

15-11 Reserved.

BIT 10  Illegal Broadcast Subaddress. Indicates to the BCRT not to access this subaddress using broadcast
commands. The Message Error bit in the status word is set if the illegal broadcast subaddress is
addressed. Since transmit commands do not apply to broadcast, this bit applies only to receive
commands.

BIT 9 Illegal Subaddress. Set by the host CPU, it indicates to the BCRT that a command with this
subaddress is illegal. If a command uses an illegal subaddress the Message Error bit in the 1553
status word is set. The Illegal Command Interrupt is also asserted if enabled.

BIT 8 Interrupt Upon Valid Command Received. Indicates that the BCRT is to assert an interrupt every
time a command addresses this descriptor. The interrupt occurs just prior to post-command descriptor
updating.

BIT 7 Interrupt When Index = 0. Indicates that the BCRT initiates an interrupt when the index is
decremented to zero.

BITs 6-0 Index. These bits are for indexed message buffering. Indexing means transacting a pre-specified
number of messages before notifying the host CPU. After each message transaction, the BCRT
decrements the index by one until index = 0. Note that the index is decremented for messages that
contain message errors.

B. Message Status List Pointer. The host sets the Message Status List Pointer, the second word within the
descriptor, and the BCRT uses it as a starting address for the Message Status List. It is incremented by one with
each Message status word write. If the Control Word Index is already equal to zero, the Message Status List
Pointer is not incremented and the previous Message status word is overwritten.

Note: A Message Status Word is also written and the pointer is incremented when the BCRT detects a message
error.

C. Data List Pointer. The Data List Pointer is the third word within the descriptor. The BCRT stores data in
RAM beginning at the address indicated by the Data List Pointer. The Data List Pointer is updated at the end of
each successful message with the next message’s starting address with the following exceptions:

® If the message is erroneous, the Data List Pointer is not updated. The next message overwrites any
data corresponding to the erroneous message.

® Upon receiving a message, if the index is already equal to zero, the Data List Pointer is not
incremented and data from the previous message is overwritten.

D. Reserved. The fourth descriptor word is reserved for future use.

BCRT-22



6.1.2 Message Status Word

Each message the BCRT transacts has a 15 14 13 12 8 7 0
corresponding Message Status Word, which is pointed
to by the Message Status List Pointer of the WORD COUNT | TIME TAG

Descriptor. This word allows the host CPU to evaluate
the message’s validity, determine the word count, and
calculate the approximate time frame in which the [ MESSAGE ERROR
message was transacted (figures 7 and 8).

MESSAGE WAS BROADCASTED

SUBSYSTEM FAIL INPUT WAS
ASSERTED DURING THIS MESSAGE

Figure 7. Message Status Word

MESSAGE STATUS WORD

DATA LIST

MESSAGE 2l
#1 #2
MESSAGE #3
#2 #4
MESSAGE STATUS #5
MESSAGE LIST POINTER
#3
DATA LIST
°
MESSAGE POINTER e
#4
(FROM RT DESCRIPTOR)
MESSAGE
#5
; Figure 8. Remote Terminal Data and Message Status List

Message Status Word Definition

Bit Description

Number

BIT 15 Subsystem Failed. Indicates SSYSF was asserted before the Message Status Word transfer to memory.
This bit is also set when the user sets bit 13 of Register 10.

BIT 14 Broadcast Message. Indicates that the corresponding message was received in the broadcast mode.

BIT 13 Message Error. Indicates a message is invalid due to improper synchronization, bit count, word
count, Manchester error.

BITs 12-8 Word Count. Indicates the number of words in the message and reflects the Word Count field in the
command word. Should the message contain a different number of words than the Word Count |
field, the Message Error flag is triggered. If there are too many words, they are withheld from RAM. i
If the actual word count is less than or grater than it should be, the Message Error bit in the 1553
status word is set.

BITs 7-0 Time Tag. The BCRT writes the internally generated Time Tag to this location after message
completion. The resolution is 64 microseconds. (See Register 13). If the timer reads 2, it indicates
the message was completed 128 to 191 microseconds after the timer started.
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6.1.3 Mode Code Descriptor Definition

Mode codes are handled similarly to subaddress
transactions. Both use the four-word descriptors
residing in the RT descriptor space to allow the host
to program their operational mode. Corresponding to
each mode code is a descriptor (see figure 9a). Of
the 32 address combinations for mode codes in
MIL-STD-1553B, some are clearly defined functions
while others are reserved for future use. Sixteen
descriptors are used for mode code operations with
each descriptor handling two mode codes: one mode
code with an associated data word and one mode
code without an associated data word. All mode
codes are handled in accordance with
MIL-STD-1553B. The function of the first word of
the Mode Code Descriptor is similar to that of the
Subaddress Descriptor and is defined below. The
remaining three words serve the same purpose as in
the Subaddress Descriptor.

Control Word

Bit Description
Number
BIT 15

REMOTE TERMINAL
DESCRIPTOR SPACE
STARTING ADDRESS
(RTDSSA) + 256

MODE CODE
#'80&16

MODE CODE
#s1&17

MODE CODE
#82&18

MODE CODE
#'S 15 & 31

é_ RTDSSA + 320

Note:

Mode code descriptor blocks are also provided for reserved
mode codes but have no associated predefined BCRTM
operation.

Figure 9a. (RT) Mode Code Descriptor Space

Interrupt on Reception of Mode Code (without Data Word).

BIT 14 Illegalize Broadcast Mode Code (without Data Word).
BIT 13 Illegalize Mode Code (without Data Word).

BIT 12 Reserved.

BIT 11 Illegalize Broadcast Mode Code (with Data Word).

BIT 10 Illegalize Transmit Mode Code (with Data Word).

BIT 9 Illegalize Receive Mode Code (with Data Word).

BIT 8 Interrupt on Reception of Mode Code (with Data Word).
BIT 7 Interrupt if Index = 0.

BITs 6-0

mode codes with data words only.

Index. Functionally equivalent to the index described in the Subaddress Descriptor. It applies to

INTERRUPT ON RECEPTION OF MODE CODE
(WITHOUT DATA WORD)

ILLEGALIZE BROADCAST MODE CODE

(WITHOUT DATA WORD)
ILLEGALIZE MODE CODE

(WITHOUT DATA WORD)
RESERVED

ILLEGALIZE BROADCAST MODE CODE

(WITH DATA WORD)
ILLEGALIZE TRANSMIT MODE CODE

(WITH DATA WORD)

ILLEGALIZE RECEIVE MODE CODE
(WITH DATA WORD)

INTERRUPT ON RECEPTION OF MODE CODE

" ~ (WITH DATA WORD)
— INTERRUPT IF INDEX = 0

15114‘13

] 1
MESSAGE STATUS LIST POINTER

12 11 10I 9 8

7 6
I I ] INDEX

DATA LIST POINTER

RESERVED

Figure 9b. (RT) Mode Code Descriptor
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The descriptors, numbered sequentially from 0 to 15,
correspond to mode codes 0 to 15 without data words
and mode codes 16 to 31 with data words. For
example, mode codes 0 and 16 correspond to
descriptor 0 and mode codes 1 and 17 correspond to
descriptor 1. The Mode Code Descriptor Space is
appended to the Subaddress Descriptor Space starting
at 0100H (256D) of the 320-word RT Descriptor
Space (see figure 5).

The BCRT autonomously supports all mode codes
without data words by executing the specific function
and transmitting the 1553 status word. The subsystem
provides the data word for mode codes with data
words (see the Data List Pointer section). For all
mode codes, an interrupt can be asserted upon
successful completion of the mode command by
setting the appropriate bit in the control word (see
figure 9b).

Dynamic Bus Control #00000

This mode code is accepted automatically if the
Dynamic Bus Control Enable bit in the Remote
Terminal Address Register is set. Setting the Dynamic
Bus Control Acceptance bit in the 1553 status word
and BCRT Status Register confirms the mode code
acceptance. A High-Priority Interrupt is also asserted
if enabled. If the Dynamic Bus Control Enable bit is
not set, the BCRT does not accept Dynamic Bus
Control.

Synchronize (Without Data Word) #00001

If enabled in the Mode Code #00001 Descriptor
Control Word, the BCRT asserts an interrupt when
this mode code is received.

Transmit Status Word #00010
The BCRT automatically transmits the 1553 status
word corresponding to the last message transacted.

Initiate Self-Test #00011

The BCRT automatically starts its BIT routine. An
interrupt, if enabled, is asserted when the test is
completed. The BIT Word Register and external pin
BCRTF are updated when the test is completed. A
failure in BIT will also set the TF status word bit.

Transmitter Shutdown #00100
The BCRT disables the channel opposite the channel
on which the command was received.

Override Transmitter Shutdown #00101
The BCRT enables the channel previously disabled.

Inhibit Terminal Flag Bit #00110
The BCRT inhibits the Terminal Flag from being set
in the status word.

Override Inhibit Terminal Flag Bit #00111
The BCRT disables the Terminal Flag inhibit.

Reset Remote Terminal #01000
The BCRT automatically resets the encoder,
decoders, and protocol logic.

Transmit Vector Word #10000

The BCRT transmits the vector word from the
location addressed by the Data List Pointer in the
Mode Code Descriptor Block.

Synchronize (with Data Word) #10001
On receiving this mode code, the BCRT simply stores
the associated data word.

Transmit Last Command #10010
The BCRT transmits the last command executed and
the corresponding 1553 status word.

Transmit BIT Word #10011
The BCRT transmits BIT information from the BIT
Register.

Selected Transmitter Shutdown #10100
On receiving this mode code, the BCRT simply stores
the associated data word.

Override Selected Transmitter Shutdown #10101
On receiving this mode code, the BCRT simply stores
the associated data word.

Mode codes 9-15 and 22-31 are reserved for future
expansion of MIL-STD-1553B.
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6.2 RT Error Detection

In accordance with MIL-STD-1553B, the remote
terminal handles superseding commands on the same
or opposite bus. When receiving, the remote terminal
performs a response time-out function of 56
microseconds for RT-RT transfers. If the response
time-out condition occurs, a Message Error bit is set
in the 1553 status word and in the Message Status
Word. Error checking occurs on both of the
Manchester logic and the word formats. Detectable
errors include word count errors, long words, short
words, Manchester errors (including zero crossing
deviation), parity errors, and data contiguity.

6.3 RT Operational Sequence

The following is a general description of the typical
behavior of the BCRT as it processes a message in
the RT mode. It is assumed that the user has already
written a “1” to Register 0, bit 0, enabling RT
operation.

Valid Command Received.
COMSTR goes active

® DMA Descriptor Read. After receiving a valid
command, the BCRT initiates a burst DMA:

DMA arbitration (BURST)
Control Word read

Message Status List Pointer read
Data List Pointer read

Data Transmitted/Received.
® Data Word DMA.

If the BCRT needs to transmit data from
memory, it initiates a DMA cycle for each Data
Word shortly before the Data Word is needed
on the 1553B bus:

DMA arbitration
Data Word read (starting at Data List
Pointer address, incremented for each
successive word)

If the BCRT receives data, it writes each Data
Word to memory after the Data Word is
received:

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Status Word Transmission.

The BCRT automatically transmits the Status Word
as defined in MIL-STD-1553B. The Message

Error and Broadcast Command Received bits are
generated internally. Writing to Register 10 enables
the other predefined bits. For illegalized
commands, the BCRT sets the Message Error Bit
in the 1553 Status Word.

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register
7). For message errors, the BCRT is put in
a hold state until the interrupt is
acknowledged (by writing a “1” to the
appropriate bit in Register 8).

For Standard Interrupts:

DMA arbitration (BURST)
Interrupt Status Word write

RT Descriptor Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

® Descriptor Write.

After the BCRT processes the message, a final
DMA burst occurs to update the descriptor
block, if necessary:

DMA arbitration (BURST)

Message Status Word write

Data List Pointer write

(incremented by word count)

Message Status List Pointer write
(incremented by 1)

Control Word write (index decremented)

Note the following exceptions:

Mode codes without data require no
descriptor update.

Predefined mode codes (18 and 19) which
do not require access to memory for the
data word, do not involve updating the
Data List Pointer.

Messages with errors prevent updates to
the Data List Pointer.

If the message index was zero, neither the
Message Status List Pointer nor the Data
List Pointer is updated.
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7.0 Bus CONTROLLER ARCHITECTURE

The BCRT’s bus controller architecture is based on a
Command Block structure and internal, host-
programmable registers. Each message transacted over
the MIL-STD-1553B bus has an associated Command
Block, which the CPU sets up (see figures 10 and
11). The Command Block contains all the relevant
message and RT status information as well as
programmable function bits that allow the user to
select functions and interrupts. This memory interface
system is flexible due to a doubly-linked list data
structure.

HEAD POINTER

CONTROL WORD

COMMAND WORD 1

COMMAND WORD 2 (RT-RT ONLY)

DATA LIST POINTER

STATUS WORD 1

STATUS WORD 2 (RT-RT ONLY)
TAIL POINTER

Figure 10. Command Block

In a doubly-linked Command Block structure,
pointers delimit each Command Block to the previous
and successive blocks (see figure 12). The linking
feature eases multiple message processing tasks and
supports message scheduling because of its ability to
loop through a series of transfers at a predetermined
cycle time. A data pointer in the command allows
efficient space allocation because data blocks only
have to be configured to the exact word count used
in the message. Data pointers also provide flexibility
in data-bank switching.

COMMAND BLOCK

DATA LIST POINTE DATA WORD #2

DATA WORD #1 I

LAST DATA WORD \l/
X IS BETWEEN 1 & 32
Figure 11. Data Placement

A control word with bit-programmable functions and
a Message Error bit are in each Command Block.
This allows selecting individual functions for each
message and provides message validity information.
The BCRT’s register set provides additional global
parameters and address pointers.

A programmable auto retry function is selectable from
the control word and Control Register.

The auto retry can be activated when any of the
following occurs:

® Busy bit set in the status word

® Message Error (indicated by the RT status
response)

® Response Time-Out

® Message Error detected by the Bus Controller

One to four retries are programmable on the same or
opposite bus.

The Bus Controller also has a programmable
intermessage delay timer that facilitates message
transfer scheduling (see figures 13 and 14). This
timer, programmed in the control word, automatically
delays between the start of two successive commands.

A polling function is also provided. The Bus
Controller, when programmed, compares incoming
status words to a host-specified status word and
generates an interrupt if the comparison indicates any
matching bits. An Interrupt and Continue function
facilitates the host subsystem’s synchronization by
generating an interrupt when the specified Command
Block’s message is executed.

COMMAND BLOCK #1
HP

TP
—

HP

TP
g #3

HP

TP

g #4 ‘j
|

HP

TP ‘

Figure 12. Command Block Chaining }
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7.1 BC Functional Operation

The Bus Controller off-loads the host computer of
many functions needed to coordinate 1553B bus data
transfers. Special architectural features provide
message-by-message flexibility. In addition, a
programmable interrupt scheme, programmable
intermessage timing delays, and internal registers
enhance the BCRT’s operation.

The host determines the first Command Block by
setting the initial starting address in the current
Command Block Register. Once set, the BCRT
updates the current Command Block register with the

next Command Block Address. The BCRT then
executes the sequential Command Blocks and counts
out message delays (where programmed) until it
encounters the last Command Block listed

(indicated by the End of List bit in the control
word). Interrupts are asserted when enabled events
occur (see the Exception Handling and Interrupt
Logging section, page 33).

The functions and their programming instructions are
described below. The registers also contain many
programmable functions and function parameters.

15 14 13 12 11 10 9 8 7 3 0
CC
MESSAGE INTERRUPT| ooy 1ina | AUTO END RT.RT  |[MONITOR ‘ ’
ERROR SKIP | AND ENABLE | RETRY | OF TRANSFERRT-RT TIME DELAY
CONTINUE ENABLE | LIST TRANSFER 59
CC

Figure 13. Control Word

MESSAGE #1 —l

T pELAY1

| MESSAGE #2 | MESSAGE #3 I

| TOELAY2

|
|
'\

Figure 14. BC Timing Delays
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BC Command Block Definition

Each Command Block contains (see figure 10):

A. Head Pointer. Host-written, this location can contain the address of the previous Command Block’s Head
Pointer. The BCRT does not access this location.

B. Control Word. Host-written, the Control Word contains bit-selectable options and a Message Error bit the
BCRT provides (see figure 13). The bit definitions follow.

Bit Description

Number

BIT 15 Message Error. The BCRT sets this bit when it detects an invalid RT response as defined in
MIL-STD-1553B.

BIT 14 Skip. When set, this bit instructs the BCRT to skip this Command Block and execute the next.

BIT 13 Interrupt and Continue. If set, a Standard Interrupt is asserted when this block is addressed;
operation, however, continues. Note that this interrupt must also be enabled by setting bit 0 of
Register 9.

BIT 12 Polling Enable. Enables the BCRT’s polling operation.

BIT 11 Auto Retry Enable. When set, the Auto Retry function, governed by the global parameters in the
Control Register, is enabled for this message.

BIT 10 End of List. Set by the CPU, this bit indicates that the BCRTP, upon completion of the current
message, will halt and assert a High-Priority Interrupt. The interrupt must also be enabled in the
High-Priority Interrupt Enable Register.

BIT 9 RT-RT. Set by the CPU, this indicates that this Command Block transacts an RT-RT transfer.

BIT 8 Monitor RT-RT Transfer. Set by the CPU, this function indicates that the BCRT should receive
and store the message beginning at the location indicated by the data pointer.

BITs 7-0 Time Delay. The CPU sets this field, which causes the BCRT to delay the specified time between
sequential message starts (see figures 13 and 14). Regardless of the value in the Time Delay field
(including zero), the BCRT will at least meet the minimum 4 us intermessage gap time as specified
in MIL-STD-1553B. The timer is enabled by having a non-zero value in this bit field. When using
this function, please note:
® Timer resolution is 16 microseconds. As an example, if a given message requires 116 us to
complete (including the minimum 4 us intermessage gap time) the value in the Time Delay field
must be at least 00001000 (8 x 16 ps = 128 pus) to provide an intermessage gap greater than the
4 ps minimum requirement.

® If the timer is enabled and the Skip bit is set, the timer provides the programmed delay before
proceeding.

® If the message duration exceeds the timer delay, the message is completed just as if the timer
were not enabled.

e If SKIP = 1 and EOL = 1, the HPINT is generated if enabled.

e If SKIP = 1 and Interrupt and Continue = 1, the STDINT is generated if enabled.

C. Command Word One. Initialized by the CPU, this location contains the first command word corresponding to
the Command Block’s message transfer.

D. Command Word Two. Initialized by the CPU, this location is for the second (transmit) command word in
RT-RT transfers. In messages involving only one RT, the location is unused.

E. Data Pointer. Initialized by the CPU, this location contains the starting location in RAM for the Command
Block’s message (see figure 15).

F. Status Word One. Stored by the BCRT, this location contains the entire Remote Terminal status response.

G. Status Word Two. Stored by the BCRT, this location contains the receiving Remote Terminal status word.
For transfers involving one Remote Terminal, the location is unused.

H. Tail Pointer. Initialized by the host CPU, the Tail Pointer contains the next Command Block’s starting
address.
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/
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DATA WORD #2
DATA WORD #3
DATA WORD #4

Figure 15. Contiguous Data Storage

7.2 Polling

During a typical polling scenario (see figure 16) the
Bus Controller interrogates remote terminals by
requesting them to transmit their status words. This
feature can also alert the host if a bit is set in any RT
status word response during normal message
transactions. The BCRT enables the host to initialize
a chain of Command Blocks with the command
word’s Polling Enable bit. A programmable Polling
Compare Register (PCR) is provided. In the polling
mode, the Remote Terminal response is compared to
the Polling Compare Register contents. Program the
PCR by setting the PCR bits corresponding to the
RT’s 1553 status word bits to be compared. If they
match (i.e., two 1’s in the same bit position) then, if
enabled in both the BC Command Block Control
Word and in the Standard Interrupt Enable Register
(Register 9), a polling comparison interrupt is
generated.

Example 1. No bit match is present

PCR 00000000001
RT’s 1553 Status Word response 00000100010
Result No Polling Comparison Interrupt

" Example 2. Bit match is present

PCR 00100100000
RT’s 1553 Status Word response 00000100000
Result Polling Comparison Interrupt

7.3 BC Error Detection

The Bus Controller checks for errors (see the
Exception Handling and Interrupt Logging and the
RT Error Detection sections, pages 33 and 26) on
each message transaction. In addition, the BC
compares the RT command word addresses to the
incoming status word addresses. The BC monitors for
response time-out and checks data and control words
for proper format according to MIL-STD-1553B.
Illogical commands include incorrectly formatted
RT-RT Command Blocks.

RT

RT RT

%NSE
Q? _

POLLING RESPONSE REGISTER
(RT STATUS WORD)

POLLING COMPARE WORD
(SET BY CPU)

Figure 16. Polling Operation

7.4 Bus Controller Operational Sequence

The following is a general description of the typical
behavior of the BCRT as it processes a message in the BC
mode.

The user starts BC operation by writing a “1” to
Register 0, Bit 0.

® Command Block DMA - the following occurs
immediately after Bus Controller startup:

DMA arbitration (BURST)

Control Word read

Command Word 1 read (from third
location of Command Block)

Data List Pointer read

A. For BC-to-RT Command Blocks:
The BCRT transmits the Command Word.
® Data Word DMA

DMA arbitration
Data Word read (starting at Data List
Pointer address, incremented for each
successive word)

The BCRT transmits the Data Word. Data Word
DMAs and transmissions continue until all Data
Words are transmitted.

® Status Word DMA
The BCRT receives the RT Status Word.
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DMA arbitration
Status Word write (to sixth location of
Command Block)

B. For RT-to-BC Command Blocks:
The BCRT transmits the Command Word.
e Status Word DMA
The BCRT receives the RT Status Word.

DMA arbitration
Status Word write (to sixth location of
Command Block)

The BCRT receives the first Data Word.
® Data Word DMA

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Data Word receptions and DMAs continue until all
Data Words are received.

C. For RT(B)-to-RT(A) Command Blocks:
The BCRT transmits Command Word 1 to RT(B).

e Command Word 2 DMA

DMA arbitration
Command Word 2 read (from fourth
location of Command Block)

The BCRT transmits Command Word 2 to RT(A).
The BCRT receives the RT Status Word from
RT(A).

® Status Word DMA for RT(A) Status Word

DMA arbitration
Status Word write (to sixth location of
Command Block)

The BCRT receives the first Data Word

e Data Word DMA (only if the BCRT is
enabled to monitor the RT-to-RT message).

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Data Word receptions and DMAs continue until all
Data Words are received.

The BCRT receives the RT Status Word from

RT(B).

® Status Word DMA for RT(B) Status Word
DMA arbitration

Status Word write (to seventh location of
Command Block)

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register 7). For
message errors, the BCRT is put in a hold state
until the interrupt is acknowledged (by writing a
“1” to the appropriate bit in Register 8).

For Standard Interrupts:

DMA arbitration (BURST)
Interrupt Status Word write
Command Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

If Retries are enabled and a Retry condition
occurs, the following DMA occurs:

DMA arbitration (BURST)

Control Word read

Command Word 1 read (from third
location of Command Block)

Data List Pointer read

The BCRT proceeds from the current Command
Block to the next successive Command Block.

® If no Message Error has occurred during the
current Command Block, the following occurs:

DMA arbitration (BURST)

Command Block Tail Pointer read (to
determine location of next Command
Block. Note that this occurs only if no
Retry.)

DMA hold cycle

Control Word read (next Command
Block)

Command Word 1 read (next Command
Block)

Data List Pointer read

e If the BCRT detects a Message Error while
processing the current Command Block, the
following occurs:

DMA arbitration (BURST)

Control Word write

Command Block Tail Pointer read (to !
determine location of next Command I
Block. Note that this occurs only if no ‘
Retry.) |
DMA hold cycle \
Control Word read (next Command ;
Block) |
Command Word 1 read (next Command
Block)

Data List Pointer read
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The BCRT proceeds again from point A, B, or C
as shown above.

7.5 BC Operational Example (see figure 18 on
page 35)

The BCRT is programmed initially to accomplish the
Sfollowing:

The first Command Block is for a four-word RT-RT
transfer with the BCRT monitoring the transfer and
storing the data.

® Auto-retry is enabled on the opposite bus using
only one retry attempt, if the incoming Status
Word is received with the Message Error bit set.

® Wait for a time delay of 400 microseconds before

proceeding to the next Command Block.

e The Data List Pointer contains the address
0400H.

The second Command Block is for a BC-RT transfer
of two words.

® The End of List bit is set in its Control Word.

e The Data List Pointer contains the address
0404H.

® The Polling Enable bit is set and the Polling

Compare Register contains a one in the Subsystem

Fail position (bit 2).
Then:

A. The CPU initializes all the appropriate registers
and Command Blocks, and issues a Start Enable
by writing a “1” to Register 0, bit 0.

B. The BCRT, through executing a DMA cycle,
reads the control word, command words, and
the Data List Pointer. The delay timer starts and
message execution begins by transmitting the
receive and transmit commands stored in the
Command Blocks. The BCRT then waits to
receive the status word back from the
transmitting RT.

C. The BCRT receives the RT status word with all

status bits low from the transmitting RT and stores

the status word in Command Block 1. The
incoming data words from the transmitting RT
follow. The BCRT stores them in memory
locations 0400H - 0403H.

If the status word indicates that the message
cannot be transmitted (Message Error), the
response time-out clock counts to zero and the

allotted message time runs out. An auto-retry can
be initiated if programmed to do so. Nevertheless,
the ME bit in the control word is set.

. The BCRT receives the status word response

from the receiving RT. The ME bit in the status
word is set, indicating the message is invalid. The
BCRT initiates the auto retry function, (as
programmed) on the alternate bus, re-transmits
the command words, receives the correct status
word, and stores the data again in locations
0400H - 0403H. This time the status word
response from the receiving RT indicates the
message transfer is successful.

. The timer delay between the two successive

transactions counts down another 135
microseconds before proceeding. This is
determined as follows:

The message transaction time is approximately 130
microseconds (the only approximation is due to
the range in status response and intermessage gap
times specified by MIL-STD-1553B).
Approximating that with the retry, the total
duration for the two attempts is 265 microseconds.

. The BCRT reads the Tail Pointer of Command

Block 1 and places it in the Current Command
Register. It also reads the control word,

command word, and Data List Pointer, and the
first data word in the second Command Block.

. Since this is a BC-RT transfer, the BCRT

transmits the receive command followed by two
data words from locations 0404H - 0405H in
memory. The BCRT reads the second data
word from memory while transmitting the first.

. The BCRT receives the status response from the

RT. In this case, the status word indicates, by
the ME bit being low, that the message is valid.
The status word also has the Subsystem Fail bit
set.

. The status word is stored in the Command

Block. The BCRT, having encountered the end
of the list, halts message transactions and waits for
another start signal.

. The BCRT asserts a High-Priority Interrupt

indicating the end of the command list. Due to
the polling comparison match, the BCRT also
asserts a Standard Priority Interrupt and logs the
event in the Interrupt Log List.
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8.0 ExceEPTION HANDLING AND
INTERRUPT LOGGING

The exception handling scheme the BCRT uses is
based on an interrupt structure and provides a high
degree of flexibility in:

® defining the events that cause an interrupt,

® selecting between High-Priority and Standard
interrupts, and

® selecting the amount of interrupt history retained.

The interrupt structure consists of internal registers
that enable interrupt generation, control bits in the
RT and BC data structures (see the Remote Terminal
Descriptor Definition section, page 24, and the Bus
Controller Command Block definition, page 27), and
an Interrupt Log List that sequentially stores an
interrupt events record in system memory.

The BCRT generates the Interrupt Log List (see
figure 17) to allow the host CPU to view the Standard
Interrupt occurrences in chronological order. Each
Interrupt Log List entry contains three words. The
first, the Interrupt Status Word, indicates the type of
interrupt (entries are only for interrupts enabled). In
the BC mode, the second word is a Command Block
Pointer that refers to the corresponding Command
Block. In the RT mode, the second word is a
Descriptor Pointer that refers to the corresponding
subaddress descriptor. The CPU-initialized third word,
a Tail Pointer, is read by the BCRT to determine the
next Interrupt Log List address. The list length can
be as long or as short as required. The configuration
of the Tail Pointers determines the list length.

INTERRUPT LOG LIST INTERRUPT STATUS
POINTER REGISTER WORD

SRR
ENTRY #1

SUBADDRESS/MODE

CODE DESCRIPTOR
POINTER
Q TAIL POINTER

ENTRY #2
ENTRY #3

Q

Figure 17. Interupt Log List

The host CPU initializes the list by setting the tail
pointers. This gives flexibility in the list capacity and
the ability to link the list around noncontiguous
blocks of memory. The host CPU sets the list’s
starting address using the Interrupt Log List Register.
The BCRT then updates this register with the address
of the next list entry.

The internal High-Priority Interrupt Status/Reset
Register indicates the cause of a High-Priority
Interrupt. The High-Priority Interrupt signal is

reset by writing a “1” to the set bits in this register.

The interrupt structure also uses three BCRT-driven
output signals to indicate when an interrupt event
occurs:

STDINTL  Standard Interrupt Level. This

signal is asserted when one or more

of the events enabled in the Standard
Interrupt Enable Register occurs. Clear
the signal by resetting the Standard
Interrupt bit in the High-Priority
Interrupt Status/Reset Register.
Standard Interrupt Pulse. This signal

is pulsed for each occurrence of an
event enabled in the Standard Interrupt
Enable Register.

High-Priority Interrupt. This signal is
asserted for each occurrence of an
event enabled in the High-Priority
Interrupt/Enable Register. Writing to the
corresponding bit in the High-Priority
Status/Reset Register resets it.

STDINTP

HPINT
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Interrupt Status Word Definition
All bits in the Interrupt Status Word are active high and have the following functions:

Bit Description

Number

BIT 15 Interrupt Status Word Accessed. The BCRT always sets this bit during the DMA Write of the
Interrupt Status Word. If the CPU resets this bit after reading the Interrupt Status Word, the bit can
help the CPU determine which entries have been acknowledged.

BIT 14  No Response Time-Out (Message Error condition). Further defines the Message Error condition to
indicate that a Response Time-Out condition has occurred.

BIT 13 (RT) Message Error (ME). Indicates the ME bit was set in the 1553 status word response.
BITs 12-8 Reserved.

BIT 7 (RT) Subaddress Event or Mode Code with Data Word Interrupt. Indicates a descriptor control
word has been accessed with either an Interrupt Upon Valid Command Received bit set or an
Interrupt when Index=0 bit set (and the Index is decremented to 0).

BIT 6 (RT) Mode Code without Data Word Interrupt. Indicates a mode code has occurred with an
Interrupt When Addressed interrupt enabled.

BIT § (RT) Illegal Broadcast Command. Applies to receive commands only. This bit indicates that a
received command, due to an illegal mode code or subaddress field, has been received in the
broadcast mode. This does not include invalid commands.

BIT 4 (RT) Illegal Command. This indicates that an illegal command has occurred due to an illegal mode
code or subaddress and T/R field. This does not include invalid commands.

BIT 3 (BC) Polling Comparison Match. Indicates a polling comparison interrupt.
BIT 2 (BC) Retry Fail. Indicates all the programmed retries have failed.
BIT 1 (BC,RT) Message Error. Indicates a Message Error has occurred.

BIT 0 (BC) Interrupt and Continue. This corresponds to the interrupt and continue function described in
the Command Block.
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Figure 19. MIL-STD-1553B Word Formats
9.0 OPERATING CONDITIONS*
(Referenced to Vss)
SYMBOL PARAMETER LIMITS UNIT
Vbp DC supply voltage -0.3 to +7.0 v
Vo Voltage on any pin -0.3 to Vpp+0.3 v
I; DC input current +10 mA
Tsto Storage temperature -65 to +150 °
Timax Maximum junction temperature +175 °
Pp Average power dissipation (1) 300 mW
O5c Thermal resistance, junction-to-case 10 °C/W
Notes:

1. Does not reflect the added Pb due to an output short-circuited.

* Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond limits indicated in the operational sections of this
spleciﬁlcation is not recommended. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

BCRT-36



RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
VbD DC supply voltage 4.5t05.5 \Y4
Tc Temperature range -55 to +125 °C
F Operating frequency 12 +.01% MHz
10.0 DC ELECTRICAL CHARACTERISTICS
(Vpp - 50V + 10%; -55°C < T¢c < + 125°C)
SYMBOL PARAMETER CONDITION MINIMUM MAXIMUM | UNIT
ViL Low-level input voltage 0.8 v
TTL inputs
Viu High-level input voltage 2.0 v
Non-RAD TTL inputs
Iin Input leakage current
TTL inputs VIN = Vop Or Vss -1 1 pA
Inputs with pull-up resistors |ViN = Vpp -1 1 nA
Non-RAD Inputs with pull-up resistors |VIN = Vss -550 -80 HA
Viu High-level input voltage (6)
TTL inputs (7) 2.2 \4
RAD-HARD CMOS inputs .7 Vbp \%
Iin Input leakage current
TTL (7), CMOS inputs VIN = Vop Of Vs -10 10 pA
Inputs with pull-up resistors | V[N = Vbp +150 +900 HA
RAD-HARD Inputs with pull-up resistors | Vin = Vss -900 -150 pA
VoL Low-level output voltage
TTL outputs IoL = 3.2 mA 0.4 v
CMOS outputs IoL = 50 pA Vss +.1 \'%
Vou High-level output voltage v
TTL outputs Iog = -400 pA 2.4 v
CMOS outputs Iog= 50 pA VDD -.1
Ioz Three-state output leakage
current
TTL outputs Vo = Vpp or Veo -10 10 nA
Ios ?R(;l;t-arcuxt output current xDD =55V, Vo = X[\’/D 100 A
pp =33V, Vo = -100 mA
Cin Input capacitance (3) F=1MHz@0V 10 pF
Cour | Output capacitance (3) F=1MHz@0V 15 pF
Cio Bidirect I/O capacitance (3) F=1MHz@ 0V 20 pF
Ipp Average operating current (1,4) [F = 12 MHz, C, =50pF 50 mA
Qlpp Quiescent current See Note 5 3 mA ‘
Notes:

AN AL

. Supplied as a design limit, but not guaranteed or tested.

. Not more than one output may be shorted at a time for a maximum duration of one second.

. Measured only for initial qualification, and after process or design changes which may affect input/output capacitance.

. Includes current through input pull-up. Instantaneous surge currents on the order of 1 ampere can occur during output switching.
Voltage supply should be adequately sized and decoupled to handle a large current surge.

. All inputs with internal pull-ups should be left floating. All other inputs should be tied high or low.

. Functional tests are conducted in accordance with MIL-STD-883 with the following input test conditions:

Vi = Via(min) +20%, -0%; Vi = ViL(max) +0%, -50%, as specified herein, for TTL - compatible inputs.
Devices may be tested using input voltage within the above specified range, but are guaranteed to Viy(min) and Vi (max).
7. To 1 x 106 total dose; above this level CMOS 1/Os required.
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11.0 AC ELECTRICAL CHARACTERISTICS
(Over recommended operating conditions)

INPUTV ml;:‘x— e @ (1)\—ﬁ— = = = ———://:[‘ m:lx
IN-PHASE Ft’j{(z) i(m; Tz == = —=VouMN
83:'?3;PHASE | ! t J YoLmax
OUTPUT LR (¥ == = = == = Z=VouMiN
| {—te—-ﬁ oL
BUS | I ___(_ — T T T VouMNN
: - === = = Vo MAX
i
k tg |
k th 3
SYMBOL PARAMETER
ta INPUT 1 to response 1
ty INPUT ' to response
te INPUT N to response
ty INPUT  to response 1
te INPUT < to data valid
1 INPUT ¢ to high Z
tq INPUT N to high Z
th INPUT /™ to data valid
Notes:

1. Timing measurements made at (Viy MIN + Vi MAX)/2.

2. Timing measurements made at (VoL MAX + Vo MIN)/2.

3. Based on 50 pF load.

4. Unless otherwise noted, all AC electrical characteristics are guaranteed by design or characterization.

Figure 20. Typical Timing Measurements

5V

IREF (source)

VREF

50 pF

IREF (sink)

Output Loading

Note:
50 pF including scope probe and test socket

3V

<2ns

ov

Input Pulses

Figure 21. AC Test Loads and Input Waveforms

<2ns
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&~ DMA GRANT RECOGNIZED ON THIS EDGE

I

mewko2 ©] L LI LT 1

L

tsh | K
%\ /777777 T

DMAR 77777
DMAG f | l| |
tew2 K
DMACK //////'////////I///‘ /77
|
TSCIL | l | | [
| | ' !
MEMCSO | l | | ||_——
ADDRESS i i | II I< X >f—"
DATA | | i > S
. | | 1 1l |
RWR/RRD I T | [ ] [
@ | I | | [ | | |
AEN | | | l
L ||
I — I
BURST : | 3 k_ tons toziy 5 | : |
t
oozl >l< — %—%{ HLH2-> &
h— PHL3
teHLs
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 DMWACK) to DMAR High Impedance 0 10 ns
tpHL1 (1) DMAG “Vto DMACK YV See note 3 0 45 ns
tpHL2 DWAG Vto TSCTC Vv 2xMCLK 4xMCLK ns
tpzL TSCTLYV to ADDRESS valid 0 40 ns
tHLH2 RWR/RED_Tto DMACK T THMC1-10 | THMC1+10| ns
tpHLs TSCTL YV to RWR/RRD YV MCLK-20 | MCLK+20 | ns
tows pMAG Vo oVAG T MCLK 6XMCLK | ns
toozL1 DMAR Vto BURST T 0 10 ns
tPHLe DMAR Yto DMAG Vv See note 4 0 3.5 (1.9) s
tpHLa DMAR Yto DMAG YV See note 5 0 1.9 (0.8) | ms

Notes:

1. Guaranteed by test.
2

3

4.

. See figure 23 & 24 for detailed DMA read and write timing.
DMAG

must be asserted at least 45 ns prior to the rising edge of MCLKD?2 in order to be recognized for the next
is not recognized until the

" MCLKD2 cycle.If G is not asserted at least 45 ns prior to the rising edge of MCLKD2,
following MCLKD?2 cycle.

Provided MCLK = 12 MHz. Number in parentheses indicates the longest DMAR

Vo DMAG allowed during worst-case

bus switching conditions in order to meet MIL-STD-1553B RT Response Time. The number not in parentheses applies to

all other circumstances.

. Provided MCLK = 6 MHz. Number in parentheses indicates the longest DMAR V DMAG V allowed during worst-case
bus switching conditions in order to meet MIL-STD-1553B RT Response Time. The number not in parentheses applies to

all other circumstances.

MCLK = period of thememory clock cycle.
BURST signal is for multiple-word DMA accesses.
THMC1 is equivalent to the positive phase of MCLK (see figure 23).

Figure 22. BURST DMA Timing
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iPLHt fioHLs,

i, THMC1 ,; THMC2 J
MCLK < K K 2
I I
MCLKD2 [
L] L | L
TSCTL : | I
! |
MEMCSO ! I E—
| I
t
S 'PLH2|E | 3 iz ©
ADDRESS )
X : :
I
DATA : 4 S RN
N A
RRD ! ! | I
| t ! I I l
=y st 1 it
v t pwi J
~ 1
SYMBOL PARAMETER MIN MAX UNITS
tShL1 ADDRESS valid to RRD ¥ (ADDRESS setup) |[THMC2-20 | THMC2 ns
tew1 RRDV to RRD A MCLK-5 | MCLK+5 ns
thize RRD Mo ADDRESS High Impedance (ADDRESS hold) |THMC1-10| THMC1 ns
thiz RRD Mo DATA High Impedance (DATA hold) 5 - ns
tsiHt DATA valid to RRD (DATA setup) 40 - ns
teLHt (1)| MCLK Mo MCLKD2 40 ns
toLH2 MCLK M to TSCTL/IMEMCSO 40 ns
tioHL1 (1)| MCLK Mo RRD Vv 60 ns

Note:
1. Guaranteed by test.

Figure 23. BCRT DMA Read Timing (One-Word Read)
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t t
PLH1 IOHL1 THMC1 THMC2

[ T

MCLKD2 I
I I
| ! | L
TSCTL : | I_____
I :
MEMCSO ! | —
I L
[ T
> 'PLH2 ¢
| [ A tHze K
ADDRESS @( T | )
]
I I !
DATA , —< ' r———
|
RWR ] i : ! l
|t | t |
SHL1 HLZ1
K——*Atoozwt , k—————
¢ PW1 \
N 7
SYMBOL PARAMETER MIN MAX UNITS
tshLt ADDRESS valid to RWR_ _(ADDRESS setup)| THMC2-20 | THMC2 ns
toozL1(1)] RAWRY to DATA valid 0 30 ns
tHLz1 RWR M to DATA High Impedance (DATA hold) THMC1-20{ THMC1 ns
tHiz2 RWR 1 to ADDRESS High Impedance (ADDRESS hold) [THMC1-20 | THMC1 ns
thwi RWR ‘L to RWR D MCLK-5 | MCLK+5 ns
tpLH1 (1)|MCLK Mo MCLKD2 0 40 ns
tpLH2 MCLK Mo TSCTL/IMEMCSO 0 40 ns
tioHL1 (1)| MCLK Mo RWR 0 60 ns

Note:
1. Guaranteed by test.

Figure 24. BCRT DMA Write Timing (One-Word Write)
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< |
| toozh2 | .
t
| | /O0ZH1 | L HLH1\|
hy A S ¢
T T
appress —K ! <
| |
DATA T < | A <:>—
o —— [ |
v L tHLH2
P otewr 1 tews J
hY
] |
SYMBOL PARAMETER MIN MAX UNITS
toozH2 | ADDRESS valid to DATA valid - 80 ns
tHLH2 RD+CS Mo DATA High Impedance (DATA hold) 5 50 ns
toozHi (1)| RD+CS Vto DATA valid (DATA access) - 60 ns
thiHs RD+CS Tto ADDRESS High Impedance (ADDRESS hold)] & = ns
tpwi RD+CS Vto RD+CS 1T 60 - ns
trw2 RD+CS ™Mo RD+CS 80 - ns
Notes:

1. Guaranteed by test.
2. User must adhere to both tOOZH1 and tOOZH2 timing constraints to ensure valid data.

Figure 25. BCRT Register Read Timing

t t t
I< SHL1 )k PW1 \'/ H LHZ\I
/|\ 7
ADDRESS ¢ [ ; ) I
: .

DATA | / N\
N~—1 7
WR+CS ! ! !

—|_:— tHLHY : L—‘—,

HH tewa

tsLH1

-~

€
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 ADDRESS valid to WR+CS (ADDRESS setup) | 60 - ns
tsimHt DATA valid to WR+CS_1 (DATA setup) 60 - ns
thwi WR+CSY to WR+Cs T 60 - ns
thiH WR+C3™ to DATA High Impedance (DATA hold) 10 - ns
thHihe WR+C3™ to ADDRESS High Impedance (ADDRESS hold) 10 - ns
thwa WR+C3™ to WR+CS V 80 - ns

Figure 26. BCRT Register Write Timing
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SYMBOL PARAMETER MIN MAX UNITS
teLH1 (1) RD Vto BRD_ 0 30 ns
teLnz (1) WRY to RWR Y 0 30 ns |
teLHs (1) MEMCSI “Vto MEMCSO ¥ 0 30 ns
Note:
1. Guaranteed by test.
Figure 27. BCRT Dual-Port Interface Timing Delays
t
PZL1
A K
MANCHESTER[C | o]’ D] ]
DMA ] | -
ACTIVITY L L
SYMBOL PARAMETER MIN MAX UNITS
tpzLy Data word to DMA activity 0 4 us

This diagram indicates the relationship between the incoming Manchester code and DMA activity (i.e., DMAR\, to DMACK M ).

Note:

The pulsewidth = (11 Us -tpma -tpzr1) Where tpyma is the time to complete DMA activity (i.e., DMAR\, to DMACK M ).

Figure 28. DMA Activity (RT Mode)
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teLH2

A £
e | L LI L e
MCLKD2 [ 1 L | | [ [ 1
owar /////1177777771/7} IV/////////////////////////
oWAG | [ N
e | |
swack /7777171777777 T T T 777
o o
SYMBOL PARAMETER MIN mAX | unITs
teHL1 5MAG Vo BMAGO ¥ 0 30 ns
tsHLr DMACK \l/to DMAR High Impedance 0 10 ns
ez (1) meLk Mo mokoz A 0 a0 ns

Notes:
1. Guaranteed by test.

2. When DMAG is asserted before DMAR, the DMAG signal passes through the BCRT as DMAGO.

Figure 29. BCRT Arbitration when DMAG is Asserted before Arbitration
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OMAR 7 777TTTTT7A /LT T T T TTT

DMAG | I

DMACK w777777777777777777777| 7777777
f T
— 1
RWR | ! | | l I
I }
—_— 1 1
RRD f 1 | I——
| | |
_ l |
TSCTL | | I : I
| | | :
BURST [ | | |
I I I I
STDINTL f , , T
| I I I
b
STDINTP } T : ,
| { |
t I'—J
I OOHL1 tOOLH1|€ * N
I . |'Pw1
v OOHL2 <
) A
SYMBOL PARAMETER MIN MAX UNITS
tooLH1 TSCTLA to STDINTP/STDINTL - 1 us
towi STDINTP Vto STDINTP 320 340 ns
tooHLt DMACK V to RWR 3xMCLK-10 5xMCLK ns
tooHL2 DMWAG V'to STDINTLC_ 8xMCLK+0.5 [10xMCLK+1 ns

Note:
Address and data bus relationships (not shown) are identical to figure 22.

Figure 30. BCRT Interrupt Log List Entry Operation Timing
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12.0 PACKAGE OUTLINE DRAWINGS
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Figure 31a. BCRT Flatpack and LCC Pin Identification (Top View)
(Flatpack Leads Omitted for Clarity)
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Figure 31b. BCRT Pingrid Array Pin Indentification (Bottom View)
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%] UT1553B BCRTM

FEATURES 0O DMA or pseuc!q-dual-port memory interface with
64K addressability
[0 Comprehensive MIL-STD-1553B dual-redundant O Internal wraparound self-test
Bus Controller (BC) and Remote Terminal (RT) ) . L
and Monitor (M) functions [J Time tagglrcllg and message logging in RT
and M modes
[0 Multiple message processing capability in . .
BC, RT, and M modes [0 Packaged in 84-pin pingrid array, 84-lead
o flatpack, or 84-pad LCC
[0 Automatic polling and intermessage delay P P
in BC mode [0 Low-power CMOS technology
[0 Programmable interrupt scheme and internally O Full military operating temperature range, -55°C
generated interrupt history list to +125°C, screened to the specific test methods
. . listed in Table I of MIL-STD-883, Method 5004,
[0 Register-oriented architecture to enhance Class B
programmability

[J Architecturally and pin-compatible with UTMC’s
UT1553B BCRT

REGISTERS
HIGH-PRIORITY (T CONTROL
oy MASTER TD PRIORITY LEVEL STATUS
RESET STD PRIORITY PULSE SURRENT 5O (or M) BLOGK
RT DESCRIPTOR SPACE
CLOCK & N POLLING COMPARE
H
RESET BUILT-IN-TEST WORD
Loaic CURRENT COMMAND
C PROTOCOL]
& e INTERRUPT LOG
MESSAGE LIST POINTER
k| PARALLEL- HANDLER
1553 TO-SERIAL HIGH-PRIORITY
DATA DUAL \ INTERRUPT ENABLE
CHANNEL| == CHANNEL CONVER
A eEncoper)| | SION s 1lhe WKLo BYs |, 16 K HIGH-PRIORITY
DECODER < Tngg,EE“ > INTERRUPT STATUS
1553 $—] MODULE | 4 y ~7
BDATA SERIAL-TO- {| STANDARD INTERRUPT
CHANNEL PARALLEL 1 ’|‘ ENABLE
s = || CONVER- 6
SION RT PROTOCOL RT ADDRESS
& = 6 BUILT-IN-TEST
MESSAGE
MR START COMMAND
BlquLLT' RESET COMMAND
TVEESK 16, ’ RT TIMER
<—I TIMEOUTl IG‘!::?\,%E%?%R DMA/CPU TEST RESET COMMAND
CONTROL MONITOR ADDRESS
CONTROL
MONITOR ADDRESS
DMA ARBITRATION SELECT (0-15)
REGISTER CONTROL ADDRESS MONITOR ADDRESS
DUAL-PORT MEMORY CONTROL SELECT (16-31)
\
16
16
DATA

Figure 1. BCRTM Block Diagram
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1.0 INTRODUCTION

The monolithic CMOS UT1553B BCRTM provides
the system designer with an intelligent solution to
MIL-STD-1553B multiplexed serial data bus design
problems. The UT1553B BCRTM is a single-chip
device that implements all three of the defined
MIL-STD-1553B functions - Bus Controller, Remote
Terminal, and Monitor. Designed to reduce host CPU
overhead, the BCRTM'’s powerful state machines
automatically execute message transfers, provide
interrupts, and generate status information. Multiple
registers offer many programmable functions as well
as extensive information for host use. In the BC
mode, the BCRTM uses a linked-list message scheme
to provide the host with message chaining capability.
The BCRTM enhances memory use by supporting
variable-size, relocatable data blocks. In the RT
mode, the BCRTM implements time-tagging and
message history functions. It also supports multiple
(up to 128) message buffering and variable length
messages to any subaddress. In the Monitor (M)
mode, the BCRTM’s powerful linked list command
block structure allows it to process a series of
monitored 1553 messages without the intervention of
the host. The BCRTM can store as much bus traffic
as can be contained in its 64K memory space. In
addition, the host has the capability of instructing the
BCRTM to monitor and store data for only selected
remote terminals.

The UT1553B BCRTM is an intelligent, versatile, and
easy to implement device -- a powerful asset to system
designers.

1.1 Features - Remote Terminal (RT) Mode

Indexing

The BCRTM is programmable to index or buffer
messages on a subaddress-by-subaddress basis. The
BCRTM, which can index as many as 128 messages,
can also assert an interrupt when either the selected
number of messages is reached or every time a
specified subaddress is accessed.

Variable Space Allocation
The BCRTM can use as little or as much memory
(up to 64K) as needed.

Selectable Data Storage
Address programmability within the BCRTM provides
flexible data placement and convenient access.

Sequential Data Storage
The BCRTM stores/retrieves, by subaddress, all
messages in the order in which they are transacted.

Sequential Message Status Information

The BCRTM provides message validity, time-tag, and
word-count information, and stores it sequentially in a
separate, cross-referenced list.

Illegalizing Mode Codes and Subaddresses
The host can declare mode codes and subaddresses
illegal by setting the appropriate bit(s) in memory.

Programmable Interrupt Selection

The host CPU can select various events to cause an
interrupt with provision for high and standard priority
interrupts.

Interrupt History List

The BCRTM provides an Interrupt History List that
records, in the order of occurrence, the events that
caused the interrupts. The list length is program-
mable.

1.2 Features - Bus Controller (BC) Mode

Multiple Message Processing

The BCRTM autonomously processes any number of
messages or lists of messages that may be stored in a
64K memory space.

Automatic Intermessage Delay

When programmed by the host, the BCRTM can
delay a host-specified time before executing the next
message in sequence.

Automatic Polling

When polling, the BCRTM interrogates the remote
terminals and then compares their status word
responses to the contents of the Polling Compare
Register. The BCRTM can interrupt the host CPU if
an erroneous remote terminal status word response
occurs.
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Automatic Retry

The BCRTM can automatically retry a message on
busy, message error, and/or response time-out
conditions. The BCRTM can retry up to four times
on the same or on the alternate bus.

Programmable Interrupt Selection

The host CPU can select various events to cause an
interrupt with provision for high and standard priority
interrupts.

Interrupt History List

The BCRTM provides an Interrupt History List that
records, in the order of occurrence, the events that
caused the interrupts. The list length is
programmable.

Variable Space Allocation
The BCRTM uses as little or as much memory (up to
64K). as needed.

Selectable Data Storage
Address programmability within the BCRTM provides
flexible data placement and convenient access.

1.3 Features - Monitor (M) Mode

Command History List

The BCRTM'’s linked list command block structure
permits the BCRTM to process a series of monitored
messages without host intervention.

Monitor Selected Terminal Addresses

The host can select the remote terminals to be
monitored by programming the proper bits in the
Terminal Address Select registers (Registers 16 and
17). The BCRTM can monitor any or all remote
terminals.

Variable Space Allocation
The BCRTM can use as little or as much memory
(up to 64K) as needed.

Selectable Data Storage
Address programmability within the BCRTM provides
flexible data placement and convenient access.

Sequential Data Storage
The BCRTM stores, by Terminal Address, all 1553
messages in the order in which they are transacted.

Programmable Interrupt Selection
The host can select a wide variety of events that may
cause an interrupting event.

Interrupt History List

The BCRTM stores, chronologically in memory, an
Interrupt History List of each event that caused an
interrupt.
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2.0 PiN IDENTIFICATION AND DESCRIPTION

me s n BISR )
TAO €< <>
BIPHASE oUT TBZ<— 17 (L4) (J11) 36 [«—> A2 ++
TBO<— 18 (K6) (H10) 37 [c—> A3 +t
(H11) 38 [«—> A4 ++
RAZ—> 15 (L3) (G9) 39 |—> A5
RAO——>{ 16 (K4) (G10) 40 |—> A6
BIPHASE IN RBZ—> 19 (K5) (G11) 41 |—> A7 } ADDRESS
RBO——> 20 (L5) (E9) 44 —> A8 LINES
(E11) 45 —> A9
RTA1 29 (L9) ** (F11) 47 —> A1
TERMINAL RTA2——>{ 30 (L10)** 23:8 23 —> :g
ADDRESS RTA3——> 31 (K9) ** >
RTA4—> 32 (L11)** (C11) 50 —> A14
- (K1) 9 &—>D0 )
STDINTL&«—— 68 (A6)+ (J1) 8 le—> D1
STDINTP<—— 69 (A4) (H2) 7 |«—>D2
HPINT€«—— 70 (B4) + (H1) 6 |«<—>D3
TIMERON«— 25 (K7) (G3) 5 > D4
STATUS (! COMSTR<—| 27 (L8) (G2) 4 |<—> D5
SIGNALS SSYSF—>{ 72 (A2) (G1) 3 <> D6
BCRTE<— 75 (B2) (F1) 2 j«—> D7 DATA
CHA/B<— 26 (J7) (E1) 83 [«—> D8 unes
\_ TEST<«— 73 (B3)* (E2) 82 [«—> D9
(F2) 81 [«—> D10
(~ DMAR<—| 56 (A10)+ 233 =2
DMAG—>{ 57 (A9) (1) 78 <> D13
DMA ] DMAGO<— 67 (85) 81) 77 < ’m A
SIGNALS DMACK<—| 58 (BS) + (c2) 76 < D15
BURST<— 74 (A1) J
\_ TSCTL<— 55 (B9)
(L6) 23 [&— Vpp
_ (F9) 43 [V,
4 RD—> 61 (B7) (C6) 64 [<— Voo POWER
WR—> 60 (C7) (E3) 84 [c— \ppp
CS——> 62 (A7)
AEN——> 66 (A5) (F3) 1 je— Vgg
BCRTSEL——> 11 (L1)** (U6) 22 je— Vgg
CONTROL J LOCK—> 12 (K2)** (F10) 42 f&— Vgg GROUND
SIGNALS MRST—>{ 10 (J2) (86) 63 s
EXTOVR—>| 24 (L7)**
RRD<—| 53 (A11)
RWR<«—| 52 (C10) (J5) 21 CLK
MEMCSI—>{ 59 (A8)** (C5) 65 e mcLK CLOCK
\MEMCSOG——— 54 (B10) (A3) 71 |5 mcLKD2 [ SIGNALS
**  Pin internally pulled up. () Pingrid array pin identification in parentheses.
+  Pinat high impedance when not asserted. LCC, flatpack pin number not in parentheses.

+ + Bidirectional pin.
. Formerly MEMWIN

Figure 2. BCRTM Functional Pin Description
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Legend for TYPE and ACTIVE fields:

TUI = TTL input (pull-up)
AL = Active low
AH = Active high
ZL = Active low - inactive state is high impedance

TI = TTL input

TO = TTL output
TTO = Three-state TTL output
TTB = Bidirectional

Notes:

1. Address and data buses are in the high-impedance state when idle.
2. Flatpack pin numbers are same as LCC.

ADDRESS BUS

NAME FINNUMBER | TYPE | ACTIVE DESCRIPTION
A0 34 J10 TTB -- Bit 0 (LSB) of the Address bus.
Al 35 K11 TTB - Bit 1 of the Address bus.

A2 36 J11 TTB -- Bit 2 of the Address bus.

A3 37 H10 TTB -- Bit 3 of the Address bus.

A4 38 H11 TTB - Bit 4 of the Address bus.

AS 39 G9 TTO - Bit 5 of the Address bus.

A6 40 G10 TTO -- Bit 6 of the Address bus.

A7 41 G11 TTO - Bit 7 of the Address bus.

A8 44 E9 TTO -- Bit 8 of the Address bus.

A9 45 E11 TTO - Bit 9 of the Address bus.

Al10 46 E10 TTO - Bit 10 of the Address bus.

All 47 F11 TTO - Bit 11 of the Address bus.

Al2 48 D11 TTO - Bit 12 of the Address bus.

Al3 49 D10 TTO - Bit 13 of the Address bus.

Al4 50 Ci11 TTO -- Bit 14 of the Address bus.

AlS 51 B11 TTO - Bit 15 (MSB) of the Address bus.
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DATA BUS

PIN NUMBER

NAME LCC PGA TYPE | ACTIVE DESCRIPTION

DO 9 K1 TTB - Bit 0 (LSB) of the Data bus.

D1 8 J1 TTB -- Bit 1 of the Data bus.

D2 7 H2 TTB - Bit 2 of the Data bus.

D3 6 H1 TTB -- Bit 3 of the Data bus.

D4 5 G3 TTB - Bit 4 of the Data bus.

D5 4 G2 TTB - Bit 5 of the Data bus.

D6 3 G1 TTB - Bit 6 of the Data bus.

D7 2 F1 TTB - Bit 7 of the Data bus.

D8 83 E1l TTB - Bit 8 of the Data bus.

D9 82 E2 TTB - Bit 9 of the Data bus.

D10 81 F2 TTB - Bit 10 of the Data bus.

D11 80 D1 TTB -- Bit 11 of the Data bus.

D12 79 D2 TTB - Bit 12 of the Data bus.

D13 78 C1 TTB -- Bit 13 of the Data bus.

D14 77 B1 TTB - Bit 14 of the Data bus.

D15 76 C2 TTB - Bit 15 (MSB) of the Data bus.

TERMINAL ADDRESS INPUTS
PIN NUMBER

NAME LCC PGA TYPE | ACTIVE DESCRIPTION

RTAO 28 K8 TUI -- Remote Terminal Address Bit 0 (LSB). The entire
RT address is strobed in at Master Reset. Verify it
by reading the Remote Terminal Address Register.
All the Remote Terminal Address bits are internally|
pulled up.

RTA1 29 L9 TUI - Remote Terminal Address Bit 1. This is bit 1 of
the Remote Terminal Address.

RTA2 30 L10 TUI -- Remote Terminal Address Bit 2. This is bit 2 of
the Remote Terminal Address.

RTA3 31 K9 TUI - Remote Terminal Address Bit 3. This is bit 3 of
the Remote Terminal Address.

RTA4 32 L11 TUI - Remote Terminal Address Bit 4. This is bit 4
(MSB) of the Remote Terminal Address.

RTPTY 33 K10 TUI - Remote Terminal (Address) Parity. This is an odd

parity input for the Remote Terminal Address.
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CONTROL SIGNALS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE|

DESCRIPTION

RD

61

B7

TI

AL

Read. The host uses this in conjunction with
CS to read an internal BCRTM register.

WR

60

Cc7

TI

AL

Write. The host uses this in conjunction with
to write to an internal BCRTM register.

Cs

62

A7

TI

AL

Chip Select. This selects the BCRTM when
accessing the BCRTM’s internal register.

AEN

66

AS

TI

AH

Address Enable. The host CPU uses AEN to
indicate to the BCRTM that the BCRTM’s address
lines can be asserted; this is a precautionary signal
provided to avoid address bus crash. If not used, it
must be tied high.

BCRTSEL

11

L1

TUI

BC/RT Select. This selects between either the Bus
Controller or Remote Terminal mode. The BC/RT
Mode Select bit in the Control Register overrides
this input if the LOCK pin is not high. To operate
in Monitor mode, the pin should be held low. This
pin is internally pulled high.

LOCK

12

K2

TUI

AH

Lock. When set, this pin prevents internal changes
to both the RT address and BC/RT mode select
functions. This pin is internally pulled high.

EXTOVR

24

L7

TUI

AL

External Override. Use this in multi-redundant
applications. Upon_receipt, the BCRTM aborts all
current activity. EXTOVR should be connected

to COMSTR output of the adjacent BCRTM when
used. This pin is internally pulled high.

10

J2

TI

AL

Master Reset. This resets all internal state
machines, encoders, decoders, and registers. The
minimum pulse width for a successful Master Reset
is 500 ns.

MEMCSO

54

B10

TO

AL

Memory Chip Select Out. This is the regenerated
MEMCSI input for external RAM during the
pseudo-dual-port RAM mode. The BCRTM also
uses it to select external memory during memory
accesses.

MEMCSI

59

A8

TI

AL

Memory Chip Select In. Used_in the pseudo-
dual-port RAM mode only, MEMCSI is received
from the host and is propagated through to
MEMCSO.

RRD

53

All

TO

AL

RAM Read. In the pseudo-dual-port RAM mode

the host uses this signal in conjunction with MEMSCO
to read from external RAM through the BCRTM.

It is also the signal the BCRTM uses to read
from_memory. It is asserted following receipt

of DMAG. When the BCRTM performs multiple
reads, this signal is pulsed.

RWR

52

C10

TO

AL

RAM Write. In the pseudo-dual-port RAM mode,
the CPU and BCRTM use this to write to external
RAM. This signal is asserted following receipt of
DMAG. For multiple writes, this signal is pulsed.
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STATUS SIGNALS

PIN NUMBER
NAME LCC PGA TYPE | ACTIVE DESCRIPTION
STDINTL 68 Ab TTO ZL Standard Interrupt Level. This is a level interrupt.

It is asserted when one or more events enabled in
either the Standard Interrupt Enable Register, RT
Descriptor, or BC Command Block occur. Resetting
the Standard Interrupt bit in the High-Priority
Interrupt Status/Reset Register clears the interrupt.

STDINTP 69 A4 TO AL Standard Interrupt Pulse. STDINTP pulses when an
interrupt is logged.

HPINT 70 B4 TTO ZL High-Priority Interrupt. The High-Priority Interrupt
level is asserted upon occurence of events enabled
in the High-Priority Interrupt Enable Register. The
corresponding bit(s) in the High-Priority Interrupt
Status/Reset Register reset HPENI

TIMERON 25 K7 TO AL (RT) Timer On. This is a 760-microsecond fail-
safe transmitter enable timer. Started at the
beginning of a transmission, TIMERON goes
inactive 760 microseconds later or is reset
automatically with the receipt of_a new command.
Use it in conjunction with CHA/B output to
provide a fail-safe timer for channel A and B
transmitters.

COMSTR 27 L8 TO AL (RT) Command Strobe. The BCRTM asserts_this
signal after receiving a valid command. The BCRTM
deactivates it after servicing the command.

SSYSF 72 A2 TI AH Subsystem Fail. Upon receipt, this signal
propagates directly to the RT 1553 status word
and the BCRTM Status Register.

BCRTF 75 B2 TO AH BCRT Fail. This indicates a Built-In-Test (BIT)
failure. In the RT mode, the Terminal Flag bit in
1553 status word is also set.

CHA/B 26 J7 TO -- Channel A/B. This indicates the active or last
active channel.

TEST 73 B3 TO AL TEST. This pin is used as a factory test pin.
(Formerly MEMWIN.)

BIPHASE INPUTS

NAME IECNCNUM{EEI,: TYPE | ACTIVE DESCRIPTION
RAO 16 K4 TI - Receive Channel A One. This is the Manchester-

encoded true signal input from Channel A of the
bus receiver.

RAZ 15 L3 TI - Receive Channel A Zero. This is the Manchester-
encoded complementary signal input from Channel
A of the bus receiver.

RBO 20 Ls TI -- Receive Channel B One. This is the Manchester-
encoded true signal input from Channel B of the
bus receiver.

RBZ 19 K5 TI - Receive Channel B Zero. This is the Manchester-

encoded complementary signal input from Channel
B of the bus receiver.
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BIPHASE OUTPUTS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

TAO

14

L2

TO

Transmit Channel A One. This is the Manchester-
encoded true output to be connected to the Chan-
nel A bus transmitter input. This signal is idle low.

TAZ

13

K3

TO

Transmit Channel A Zero. This is the Manchester-
encoded complementary output to be connected to
the Channel A bus transmitter input. This signal is
idle low.

18

K6

TO

Transmit Channel B One. This is the Manchester-
encoded true output to be connected to the Chan-
nel B bus transmitter input. This signal is idle low.

TBZ

17

L4

TO

Transmit Channel B Zero. This is the Manchester-
encoded complementary output to be connected
to the Channel B bus transmitter input. This signal
is idle low.

DMA SIGNALS

NAME

PIN NUMBER

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

DMAR

56

A10

ZL

DMA Request. The BCRTM issues this signal

when access to RAM is required. It goes
inactive after receiving a DMAG signal.

DMAG

57

A9

TI

AL

DMA Grant. This input to the BCRTM allows
the BCRT to access RAM. It is recognized 45 ns
before the rising edge of MCLKD2.

DMAGO

67

BS

TO

AL

DMA Grant Out. If DMAG is received but not
needed, it passes through to this output.

DMACK

58

B8

ZL

DMA Acknowledge. The BCRTM asserts this
signal to confirm receipt of DMAG; it stays
low until memory access is complete.

BURST

74

Al

TO

AH

Burst (DMA Cycle). This indicates that the current
DMA cycle transfers at least two words; worst case
is five words plus a “dummy” word.

TSCTL

55

B9

TO

AL

Three-State Control. This signal indicates when

the BCRTM is actually accessing memory. The host
subsystem’s address and data lines must be in the
high-impedance state when the signal is active.

This signal assists in placing the external data and
address buffers into the high-impedance state.
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CLOCK SIGNALS

PIN NUMBER

NAME LCC PGA TYPE | ACTIVE DESCRIPTION

CLK 21 J5 TI -- Clock. The 12 MHz input clock requires a 50%
+/-10% duty cycle with an accuracy of +/-0.01%.
The accuracy is required in order to meet the
Manchester encoding/decoding requirements of
MIL-STD-1553B.

MCLK 65 Cs TI - Memory Clock. This is the input clock frequency
the BCRTM uses for memory accesses. The mem-
ory cycle time is equal to two MCLXK cycles.
Therefore, RAM access time is dependent upon
the chosen MCLK frequency (6 MHz minimum,
12 MHz maximum). Please see the BCRTM DMA
timing diagrams in this data sheet.

MCLKD2 71 A3 TO - Memory Clock Divided by Two. This signal is the
Memory Clock input divided by two. It assists the
host subsystem in synchronizing DMA events.

POWER AND GROUND
PIN NUMBER

NAME LCC PGA TYPE | ACTIVE DESCRIPTION
Vbp 23 L6 PWR - +5V
Vbp 43 F9 PWR -- +5V
Vbp 64 Cé PWR - +5V
Vbp 84 E3 PWR - +5V
Vss 1 F3 GND -- Ground
Vss 22 36 GND - Ground
Vss 42 F10 GND - Ground
Vss 63 B6 GND - Ground
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3.0 INTERNAL REGISTERS

The BCRTM'’s internal registers (see table 1 on pages
18-19) enable the CPU to control the actions of the
BCRTM while maintaining low DMA overhead by the
BCRTM. All functions are active high and ignored

#0 Control Register

Bit Description
Number

BIT 15 Reserved.
BIT 14

when low unless stated otherwise. Functions and
parameters are used in both RT and BC modes
except where indicated. Registers are addressed by
the binary equivalent of their decimal number. For
example, Register 1 is addressed as 0001B. Register
usage is defined as follows:

RT Address 31. When RT31 = 0, the BCRTM recognizes RT Address 31 as a Broadcast command.

When RT31 = 1, the BCRTM treats RT Address 31 as a normal terminal address.

BIT 13

Subaddress 31. When SA31 = 0, the BCRTM recognizes a command word with either subaddress 0

or 31 as being a valid mode code. When SA31 = 1, the BCRTM only recognizes a command word

with a subaddress of 0 as a valid mode code.
Bus Controller Time-Out. When the BCRTM is a BC and BCTO = 0, the BCRTM allows an RT up

BIT 12

to 16 us to respond with a status word before it declares a bus time-out. If BCTO = 1, the BCRTM
allows an RT up to 32 ps to respond with a status word before it declares a bus time-out.

BIT 11
BIT 10

Enable External Override. For use in multi-redundant systems. This bit enables the EXTOVR pin.
BC/RT Select. This function selects between the Bus Controller and Remote Terminal/Monitor

operation modes. It overrides the external BCRTSEL input setting if the Change Lock-Out function
is not used. A reset operation must be performed when changing between BC and RT/M modes. For
Monitor operation this bit must be “0”. This bit is write-only.

BIT 9

(BC) Retry on Alternate Bus. This bit enables an automatic retry to operate on alternate buses.

For example, if on bus A, with two automatic retries programmed, the automatic retries occur on

bus B.

BIT 8
(BC) No significance.

BIT 7

(RT,M) Channel B Enable. When set, this bit enables Channel B operation.

(RT,M) Channel A Enable. When set, this bit enables Channel A operation.

(BC) Channel Select A/B. When set, this bit selects Channel A.
BITs 6-5 (BC) Retry Count. These bits program the number (1-4) of retries to attempt. (00 = 1 retry,

11 = 4 retries)

(BC) Retry on Bus Controller Message Error. This bit enables automatic retries on an error the Bus

Controller detects (see the Bus Controller Architecture section, page 29).

BIT 4
BIT 3
BIT 2
in the RT’s status word response.
BIT 1
response.
BIT 0

(BC) Retry on Time-out. This bit enables an automatic retry on a response time-out condition.
(BC) Retry on Message Error. This bit enables an automatic retry when the Message Error bit is set

(BC) Retry on Busy. This bit enables automatic retry on a received Busy bit in an RT status word

Start Enable. In the BC mode, this bit starts/restarts Command Block execution. In the RT or M

mode, it enables the BCRTM to receive a valid command. RT or M operation does not start until a
valid command is received. When using this function:

® Restart the BCRTM after each Master Reset or programmed reset.
e This bit is not readable; verify operation by reading bit 0 of the BCRTM’s Status Register.
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#1 Status Register (Read Only)
These bits indicate the BCRTM’s current status.

Bit
Number
BIT 15

BIT 14

BIT 13

BIT 12

BIT 11

BIT 10

BIT 9

BIT 8

BIT 7

BIT 6
BIT §

BITs 4-1
BIT 0

Description

TEST. This bit reflects the inverse of the TEST output. It changes state simultaneously with the
TEST output.

(RT,M) Remote Terminal (or Monitor) Active. Indicates that the BCRTM, in the Remote Terminal
(or Monitor) mode, is presently servicing a command. This bit reflects the inverse of the COMSTR
pin.

(RT) Dynamic Bus Control Acceptance. This bit reflects the state of the Dynamic Bus Control
Acceptance bit in the RT status word (see Register 10 on page 16).

(RT) Terminal Flag bit is set in RT status word. This bit reflects the result of writing to Register 10,
bit 11.

(RT) Service Request bit is set in RT status word. This bit reflects the result of writing to
Register 10, bit 10.

(RT) Busy bit is set in RT status word. This bit reflects the result of writing to Register 10,
bits 9 or 14.

BIT is in progress.

Reset is in progress. This bit indicates that either a write to Register 12 has just occurred or the
BCRTM has just received a Reset Remote Terminal (#01000) Mode Code. This bit remains set less
than one microsecond.

BC/(RT or M) Mode. Indicates the current mode of operation. A reset operation must be performed
when changing between BC and RT modes.

Channel A/B. Indicates either the channel presently in use or the last channel used.

Subsystem Fail Indicator. Indicates receiving a subsystem fail signal from the host subsystem on the
SSYSF input.

Reserved.

(BC) Command Block Execution is in progress. (RT) Remote Terminal is in operation. (M) Monitor
is in operation. This bit reflects bit 0 of Register 0.

#2 Current Command Block Register (BC,M)/Remote Terminal Descriptor Space Address Register (RT)
(BC) This register contains the address of the head pointer of the Command Block being executed. Accessing a
new Command Block updates it.

(RT) The host CPU initializes this register to indicate the starting location of the RT Descriptor Space. The host
must allocate 320 sequential locations following this starting address. For proper operation, this location must
start on an I x 512 decimal address boundary, where I is an integer multiple. (I = 0 is valid boundary
conditions.)

(M) This register contains the address of the control/status word of the current Monitor Command Block.
Accessing a new Command Block updates it.

#3 Polling Compare Register

In the polling mode, the CPU sets the Polling Compare Register to indicate the RT response word on which the
BCRTM should interrupt. This register is 11 bits wide, corresponding to bit times 9 through 19 of the RT’s 1553
status word response. The sync, Remote Terminal Address, and parity bits are not included (see the section on

Polling, page 32).
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#4 BIT (Built-In-Test) Word Register

The BCRTM uses the contents of this register when it responds to the Transmit BIT Word Mode Code
(#10011). In addition, the BCRTM writes to the two most significant bits of the BIT Word Register in response
to either an Initiate Self-Test Mode Code (RT mode) or a write to Register 11 (BIT Start Command). If the BIT
Word needs to be modified, it can be read out, modified, then rewritten to this register. Note that if the
processor writes a “1” to either bit 14 or 15 of this register, it effectively induces a BIT failure.

Bit Description
Number
BIT 15 Channel B failure.

BIT 14  Channel A failure.
BITs 13-0 BIT Word. The least significant fourteen bits of the BIT Word are user programmable.

#5 Current Command Register (Read Only)

In the RT or Monitor mode, this register contains the command currently being processed. When not processing
a command, the BCRTM stores the last command or status word transmitted on the 1553B bus. This register is
updated only when bit 0 of Register 0 is set. In the BC mode, this register contains the most current command

sent out on the 1553B bus.

#6 Interrupt Log List Pointer Register
Initialized by the CPU, the Interrupt Log List Pointer Register indicates the start of the Interrupt Log List. After
each list entry, the BCRTM updates this register with the address of the next entry in the list. (See page 37.)

#7 High-Priority Interrupt Enable Register (Read/Write)

Setting the bits in this register causes a High-Priority Interrupt when the enabled event occurs. To service the
High-Priority Interrupt, the user reads Register 8 to determine the cause of the interrupt, then writes to Register
8 to clear the appropriate bits. The BCRTM also provides a Standard Priority Interrupt Scheme that does not
require host intervention. If High-Priority Interrupt service is not possible in a given application, it is advisable to
use the Standard Priority features.

Bit Description
Number
BITs 15-9 Reserved.

BIT 8 Data Overrun Enable. When set, this bit enables an interrupt when DMAG was not received by the
BCRTM within the allotted time needed for a successful data transfer to memory.

BIT 7 (BC) Illogical Command Error Enable. This bit enables a High-Priority Interrupt to be asserted upon
the occurrence of an Illogical Command. Illogical commands include incorrectly formated RT-RT
Command Blocks. ‘

BIT 6 (RT) Dynamic Bus Control Mode Code Interrupt Enable. When set, the BCRTM asserts an interrupt
when the Dynamic Bus Control Mode Code is received.

BIT 5 Subsystem Fail Enable. When set, a High-Priority Interrupt is asserted after receiving a Subsystem
Fail (SSYSF) input pin.

BIT 4 End of BIT Enable. This bit indicates the end of the internal BIT routine.

BIT 3 BIT Word Fail Enable. This bit enables an interrupt indicating that the BCRTM detected a BIT
failure.

BIT 2 (BC) End of Command Block List Enable (see Command Block Control Word, page 31.) This
interrupt can be superseded by other high-priority interrupts.

BIT 1 Message Error Enable. If enabled, a High-Priority Interrupt is asserted at the occurrence of a
message error. If a High-Priority Interrupt condition occurs, as the result of an enabled message
error, the device will halt operation until the user clears the interrupt by writing a “1” to Bit 1 of the
High-Priority Interrupt Status/Reset Register (Reg. #8). If this interrupt is not cleared, the BCRTM
remains in the HALTED state (appearing to be “locked-up”), even if it receives a valid message.
This High-Priority Interrupt scheme is necessary in order to maintain the BCRTM’s state of operation
so that the host CPU has this information available at the time of interrupt service.

BIT 0 Standard Interrupt Enable. Setting this bit enables the STDINTL pin, but does not cause a
high-priority interrupt. If low, only the STDINTP pin is asserted when a Standard Interrupt occurs.
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#8 High-Priority Interrupt Status/Reset Register

When a High-Priority Interrupt is asserted, this register indicates the event that caused it. To clear the interrupt
signal and reset the bit, write a “1” to the appropriate bit. See the corresponding bit definitions of Register 7,
High-Priority Interrupt Enable Register.

Bit
Number
BITs 15-9

BIT 8
BIT 7
BIT 6
BIT 5
BIT 4
BIT 3
BIT 2
BIT 1
BIT 0

#9 Standard Interrupt Enable Register

Description

Reserved.

Data Overrun.

Illogical Command.

Dynamic Bus Control Mode Code Received.
Subsystem Fail.

End of BIT.

BIT Word Fail.

End of Command Block.

Message Error.

Standard Interrupt. The BCRTM sets this bit when any Standard Interrupt occurs, providing bit 0 of
Register 7 is enabled. (Reset STDINTL output.)

This register enables Standard Interrupt logging for any of the following enabled events (Standard Interrupt
logging can also occur for events enabled in the BC Command Block or RT Subaddress/Mode Code Descriptor):

Bit
Number

Description

BITs 15-6 Reserved.

BIT 5

BIT 4

BIT 3

BIT 2

BIT 1
BIT 0

(RT) Illegal Broadcast Command. When set, this bit enables an interrupt indicating that an Illegal
Broadcast Command has been received.

(RT) Illegal Command. When set, this bit enables an interrupt indicating that an illegal command has
been received.

(BC) Polling Comparison Match. This enables an interrupt indicating that a polling event has
occurred. The user must also set bit 12 in the BC Command Block Control Word for this interrupt
to occur.

(BC) Retry Fail. This bit enables an interrupt indicating that all the programmed number of retries
have failed.

(BC,RT,M) Message Error Event. This bit enables a standard interrupt for message errors.

(BC,M) Command Block Interrupt and Continue. This bit enables an interrupt indicating that a
Command Block, with the Interrupt and Continue Function enabled, has been executed.
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#10 Remote Terminal Address Register
This register sets the Remote Terminal Address via software. The Change Lock-Out Enable feature, when set,
prevents the Remote Terminal Address or the BCRTM Mode Selection from changing.

Bit Description
Number
BIT 15 (RT) Instrumentation. Setting this bit sets the RT status word Instrumentation bit.

BIT 14 (RT) Busy. Setting this bit sets the RT status word Busy bit. It does not inhibit data transfers to the
subsystem.

BIT 13 (RT) Subsystem Fail. Setting this bit sets the RT status word Subsystem Flag bit. In the RT mode,
the Subsystem Fail is also logged into the Message Status Word.

BIT 12 (RT) Dynamic Bus Control Acceptance. Setting this bit sets the RT status word Dynamic Bus
Control Acceptance bit when the BCRTM receives the Dynamic Bus Control Mode Code from the
currently active Bus Controller. Host intervention is required for the BCRTM to take over as the
active Bus Controller.

BIT 11 (RT) Terminal Flag. Setting this bit sets the RT status word Terminal Flag bit; the Terminal Flag bit
in the RT status word is also internally set if the BIT fails.

BIT 10  (RT) Service Request. Setting this bit sets the RT status word Service Request bit.

BIT 9 (RT) Busy Mode Enable. Setting this bit sets the RT status word Busy bit and inhibits all data
transfers to the subsystem.

BIT 8 BC/RT Mode Select. This bit’s state reflects the external pin BCRTSEL. It does not necessarily
reflect the state of the chip, since the BC/RT Mode Select is software-programmable via bit 10 of
Register 0. This bit is read-only.

BIT 7 Change Lock-Out. This bit’s state reflects the external pin LOCK. When set, this bit indicates that
changes to the RT address or the BC/RT Mode Select are not allowed using internal registers. This
bit is read-only.

BIT 6 Remote Terminal Address Parity Error. This bit indicates a Remote Terminal Address Parity error. It
appears after the Remote Terminal Address is latched if a parity error exists.

BIT § Remote Terminal Address Parity. This is an odd parity input bit used with the Remote Terminal
Address. It ensures accurate recognition of the Remote Terminal Address.

BITs 4-0 Remote Terminal Address (Bit 0 is the LSB). This reflects the RTA4-0 inputs at Master Reset.
Modify the Remote Terminal Address by writing to these bits.

#11 BIT Start Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location initiates the internal BIT routine, which lasts
100 us. Verify using the BIT-in-Progress bit in the Status Register. A programmed reset (write to Register 12)
must precede a write to this register to initiate the internal BIT. A failure of the BIT will be indicated in Register
4 and the BCRTF pin.

The BCRTM'’s self-test performs an internal wrap around test between its Manchester encoder and its two
Manchester decoders. If the BCRTM detects a failure on either the primary or the secondary channel, it flags
this failure by setting bit 14 of Register 4 (BIT Word Register) for Channel A and/or bit 15 for Channel B.
When in the Remote Terminal mode, while the BCRTM is performing its self-test, it ignores any commands on
the 1553 bus until it has completed the self-test.

#12 Programmed Reset Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location initiates a reset sequence of the
encoder/decoder and protocol sections of the BCRTM which lasts less than 1 microsecond. This is identical to
the reset used for the Reset Remote Terminal Mode Code except that command processing halts. For a total
reset (i.e., including registers), see the MRST signal description.
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#13 RT Timer Reset Register (Write Only)
Any write (i.e., data = don’t care) to this register’s address location resets the RT Time Tag timer to zero.

The BCRTM’s Remote Terminal Timer time-tags message transactions. The time tag is generated from a
free-running eight-bit timer of 64 microseconds resolution. This timer can be reset to zero simply by writing to
Register 13. When the timer is reset, it immediately starts running.

#14 Bus Monitor Control Register

BIT 15 Bus Monitor Select. This bit should be cleared for RT mode operation. The host sets this bit to
enable the BCRTM’s Monitor mode of operation. Bit 10 of Register 0 must also be ”0” to enable the
Monitor mode.

BIT 14 Monitor All Terminals. When this bit is set, the BCRTM monitors all remote terminal bus activity. If
this bit is not set, then bit 13 must be set. This bit should be cleared for RT mode operation.

BIT 13 Monitor Declared Terminals. When this bit is set, the BCRTM monitors only the remote terminals
that are selected in Registers 16 and 17. If this bit is not set, then bit 14 must be set. This bit should
be cleared for RT Mode operation.

BITs 12-0 Reserved.

#15 Reserved Register
This register is reserved for BCRTM use only and the host should not access it.

#16 Monitor Selected Remote Terminal Addresses 15 - 0

BITs 15-0 Monitor Selected Remote Terminal Addresses 15-0. By setting the appropriate bit in this register, the
host can determine which of the remote terminals, from RT 0 through RT 15, the BCRTM will
monitor. For example, by setting bit § in this register, the host instructs the BCRTM to only monitor
the bus activity for remote terminal number 5. These bits are not mutually exclusive, therefore, the
host can monitor any number of different remote terminals by selecting the proper combination of
bits.

#17 Monitor Selected Remote Terminal Addresses 31 - 16

BITs 15-0 Monitor Selected Remote Terminal Addresses 31-16. By setting the appropriate bit in this register,
the host can determine which of the remote terminals, from RT 16 through RT 31, the BCRTM
will monitor. For example, by setting bit 5 in this register, the host instructs the BCRTM to only
monitor the bus activity for remote terminal number 21. These bits are not mutually exclusive,
therefore, the host can monitor any number of different remote terminals by selecting the proper
combination of bits on this register and Register 16.
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#0

#

#2

#3

#4

#5

#6

#7

#8

BC/RT CONTROL REGISTER

15 14 13 12 11 10 9 8
[ 'unusep | mrai sA31 | Bcto | Extovh | BC/RT | RTYALTB | BUSBEN |
7 6 5 4 3 2 1 0
CHNSEL RTYCNT lRTYBCMEI RTYTO [ RTYME IRTYBSY | STEN |
BC/RT STATUS REGISTER
15 14 13 12 11 10 9 8
[ test | mract [ ovneus [rRTFiac | sra [ Busy [ BT | ReseT |
7 6 5 4 3 2 1 0

[ Bc/rr [ Busas | ssFAlL | unusep | unuseD | UNUSED | UNUSED | cMBKPG |

(BC) CURRENT COMMAND BLOCK REGISTER
(RT) REMOTE TERMINAL DESCRIPTOR SPACE ADDRESS REGISTER

15 14 13 12 11 10 9 8
[TAas T aa T a3 | a2z | At | a0 [ a0 | aAs |
7 6 5 4 3 2 1 0
[ a7 T a6 T a5 T aa | a3 [ a2 [ A [ a0 |

POLLING COMPARE REGISTER
15 14 13 12 1 10 9 8
[T x 7T x T x T x T x TJwmseerr| istR [ smra |
7 6 5 4 3 2 1 0
[swati2 | swetia | sweti4 | BrocsT | Busy | ssFiac| pBc | TF |
BIT WORD REGISTER
15 14 13 12 11 10 9 8
[chBraL ] cHaFaL] b3 | b1z | b1 | b1o | pbs | ps |
7 6 5 4 3 2 1 0
[ o2 T o | o5 J ba | b3 | b2 | o1t | po |
CURRENT COMMAND REGISTER
15 14 13 12 11 10 9 8
[ ois [ b4 [ b3 | b1z | o11 | oo | pe | b8 ]
7 6 5 4 3 2 1 0
[ o7 ] o6 [ s | oa | o3 [ o2 [ o1 | po |
INTERRUPT LOG LIST POINTER REGISTER
15 14 13 12 11 10 9 8
[ a5 | a4 [ a3 [ a2 ] At ] a0 ] A ] a8 ]
7 6 5 4 3 2 1 0
[ a7 T as | as | a4 | A3 | a2 | s ] a |
BCRTM HIGH-PRIORITY INTERRUPT ENABLE REGISTER
15 14 13 12 1 10 9 8
{ unusep [ unusep | unusep | unusep | unusep | unusep | unusep | pATovm |
7 6 5 4 3 2 1 0
{nemp | pynsus [ ssFaiL | EnpeiT |BitFAiL | EoL | MsGeERR | sTDINT |
BCRTM HIGH-PRIORITY INTERRUPT STATUS/RESET REGISTER
15 14 13 12 11 10 9 8
[ unusep | unuseD | unuseD | unusep | unusep | unusep | unusep [ DATOVR |
7 6 5 4 3 2 1 )
[lemp | pynsus | ssFaiL | EnoBiT [eitFaL | EoL | msGerr | sTDINT |

Table 1. BCRTM Registers (continued)
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#3  STANDARD INTERRUPT ENABLE REGISTER
15 14 13 12 11 10 9 8
['unusep | unusep | unusep | unusep | unusep | unusep | uNusep | uNusep |
7 6 5 4 3 2 1 0
['unusep [ unusep [ ieemp [ iiemp  [roumtcH [RTYFAIL | MsGERR | cmpBLK |
#10  REMOTE TERMINAL ADDRESS REGISTER
15 14 13 12 11 10 9 8
[ nstR | Busy2 [ssFiac| pec | RTFAG [ sra | Busyt | BeRT |
7 6 5 4 3 2 1 0
[ Lock T pramrerr [ rTaPAR | RTA4 | RTAs | RTA2 | RTA1 | RTAO |
#11  BUILT-IN-TEST START REGISTER
15 14 13 12 11 10 9 8
L x [ x [ x [ x | x [ x [ x [ x |
7 6 5 4 3 2 1 0
L x [ x [ x [ x | x [ x [ x [ x |
#12 PROGRAMMED RESET REGISTER
15 14 13 12 11 10 9 8
Lx [ x [ x [ x | x [ x [ x | x ]
7 6 5 4 3 2 1 0
L x [ x [ x [ x | x [ x | x | x |
#13  REMOTE TERMINAL TIMER RESET REGISTER
15 14 13 12 11 10 9 8
Cx T x T x [ x T x T x T x T x]
7 6 5 4 3 2 1 0
L x [ x [ x [ x | | [ x T x ]
#14 BUS MONITOR CONTROL REGISTER
15 14 13 12 11 10 9 8
[ems T wmat [ wor | x T x T x T x T x 1
7 6 5 4 3 2 1 0
Lx [ x [ x [ x ] x [ x [ x [ x ]
#15 RESERVED REGISTER (Host CPU Should Not Access)
#16  MONITOR SELECTED REMOTE TERMINAL ADDRESSES 0 - 15
15 14 13 12 11 10 9 8
L 1a1s | 7Aa14 | tai3 [ TAat2 | 1At | TAato | TA9 [ TAs |
7 6 5 4 3 2 1 0
[ 7a7 [ tae | tAs | TAad ] tAs | TA2 [ TAt [ TAO |
#17  MONITOR SELECTED REMOTE TERMINAL ADDRESSES 16 - 31
15 14 13 12 11 10 9 8
[ 7as1 | T30 | TAaee | taes | TA27 | tAae | TA25 [ TA24 |
7 6 5 4 3 2 1 0
[ TA23 | 7TA22 [ TA2t [ TA20 | TA1e [ TAat8 | TA17 [ TA16 |
X= DON'T CARE

Table 1. BCRTM Registers (continued from page 18)
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4.0 SysteM OVERVIEW

The BCRTM can be configured for a variety of
processor and memory environments. The host
processor and the BCRTM communicate via a
flexible, programmable interrupt structure, internal
registers, and a user-definable shared memory area.
The shared memory area (up to 64K) is completely
user-programmable and communicates BCRTM
control information -- message data, and status/error
information.

Built-in memory management functions designed
specifically for MIL-STD-1553B applications aid
processor off-loading. The host needs only to establish
the parameters within memory so the BCRTM can
access this information as required. For example, in
the RT mode, the BCRTM can store data associated
with individual subaddresses anywhere within its 64K
address space. The BCRTM then can automatically
buffer up to 128 incoming messages of the same
subaddress, thus preventing the previous messages
from being overwritten by subsequent messages. This
buffering also extends the intervals required by the
host processor to service the data. Selecting an
appropriate MCLK frequency to meet system memory
access time requirements controls the memory access
rate. The completion of a user-defined task or the
occurrence of a user-selected event is indicated by
using the extensive set of interrupts provided.

In the BC mode, the BCRTM can process multiple
messages, assist in scheduling message lists, and
provide host-programmable functions such as auto
retry. The BCRTM is incorporated in systems with a
variety of interrupt latencies by using the Interrupt

RAM
CPU MEMORY
CONTROL SIGNALS
______ BCRTM
BED| ___......|
RWR |
MEMCSO| . . _~ MEMCSI

Figure 3a. Pseudo-Dual-Port RAM
Control Signals

History List feature (see Exception Handling and
Interrupt Logging, page 37). The Interrupt History
List sequentially stores the events that caused the
interrupt in memory without losing information if a
host processor does not respond immediately to an
interrupt.

In the Monitor (M) mode, the BCRTM’s powerful
linked list command block structure allows it to
process a series of monitored 1553 messages without
the intervention of the host. The BCRTM can store
as much bus traffic as can be contained in its 64K
memory space. In addition, the host has the
capability of instructing the BCRTM to monitor and
store data for only selected remote terminals. The
host system is responsible for initializing an area in
memory that tells the BCRTM where to store
command word information and data for each
command that the BCRTM receives on the 1553 bus.
This area of memory consists of “Bus Monitor
Command Blocks.” An M Command Block is very
similar to the BC Command Block in the BCRTM.
The only real differences are the direction of
information flow, and that there is no Head Pointer
in the M Command Block.

5.0 SYSTEM INTERFACE

5.1 DMA Transfers

The BCRTM initiates DMA transfers whenever it
executes command blocks (BC mode) or services
commands (RT mode). DMAR initiates the transfer
and is terminated by the inactive edge of DMACK.
The Address Enable (AEN) input enables the
BCRTM to output an address onto the Address bus.

The BCRTM requests transfer cycles by asserting the
DMAR output, and initiates them when a DMAG
input is received. A DMACK output indicates

that the BCRTM has control of the Data and Address
buses. The TSCTL output is asserted when the
BCRTM is actually asserting the Address and Data
buses.

To support using multiple bus masters in a system,
the BCRTM outputs the DMAGO signal that results
from the DMAG signal passing through the chip when
a BCRTM bus request was not generated (DMAR
inactive). You can use DMAGO in daisy-chained
multimaster systems.
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5.2 Hardware Interface

The BCRTM provides a simple subsystem interface
and facilitates DMA arbitration. The user can
configure the BCRTM to operate in a variety of
memory-processor environments including
pseudo-dual-port RAM and standard DMA
configurations.

For complete circuit description, such as arbitration
logic and I/O, please refer to the appropriate
application note.

5.3 CPU Interconnection

Pseudo-Dual-Port RAM Configuration

The BCRTM’s Address and Data buses connect
directly to RAM, with buffers isolating the BCRTM'’s
buses from those of the host CPU (figures 3a and
3b). The CPU’s memory control signals (RD, WR,
and MEMCSI) pass through the BCRTM and connect
to memory as RRD, RWR and MEMCSO.

Standard DMA Configuration

The BCRTM'’s and CPU’s data, address, and control
signals are connected to each other as shown in
figures 3c and 3d. The RWR RRD, and

MEMCSO are activated after DMAG is asserted.

In either case, the BCRTM’s Address and Data
busses remain in a high-impedance state unless the
CS and RD signals are active, indicating a host
register access; or TSCTL is asserted, indicating a
memory access by the BCRTM. CPU attempts to
access BCRTM registers are ignored during BCRTM
memory access. Inhibit DMA transfers by using the
Busy function in the Remote Terminal Address
Register while operating in the Remote Terminal
mode.

The designer can use TSCTL to indicate when the
BCRTM is accessing memory or when the CPU can
access memory. AEN is also available (use is
optional), giving the CPU control over the BCRTM’s
Address bus. A DMA Burst (BURST) signal indicates
multiple DMA accesses.

Register Access

Registers 0 through 13 are accessed with the decode
of the four LSBs of the Address bus (A0-A3) and
asserting CS. Pulse either RD or WR for multiple
register accesses.

¢ DATA BUFFERS
KI P N
< HOST
RAM 16 ADDRESS l ’—E}t CPU
K |
CONTROL BCRTM CONTROL/ARBITRATION
(DUAL REDUNDANT)
T - TRANSMITTER
DUAL TIMEOUT
TRANSCEIVER

1553 BUS

Figure 3b. CPU/BCRTM Interface -- Pseudo-Dual-Post RAM Configuration
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/\

ADDRESS BUS

DMAR DMAG DMACK

CPU

BCRTM

DATA BUS

Vi

RRD RWR MEMCSO

Vo

SHARED
MEMORY
AREA

8 3 =l

Figure 3c. DMA Signals

5.4 RAM Interface

The BCRTM’s RRD, RWR, and MEMCSO signals
serve as read and write controls during BCRTM
memory accesses. The host subsystem signals RD,
WR, and MEMCSI propagate through the BCRTM to
become RRD, RWR and MEMCSO outputs to
support a pseudo-dual-port. During BCRTM-RAM

data transfers, the host subsystem’s memory signals
are ignored until the BCRTM access is complete.

5.5 Transmitter/Receiver Interface

The BCRTM'’s Manchester II encoder/decoder
interfaces directly with the 1553 bus transceiver, using
the TAO-TAZ and RAZ-RAO signals for Channel A,
and TBO-TBZ and RBZ-RBO signals for Channel B.

RAM
A
L. S
DATA
|1
BCRTM ADDRESS ; CPU
CONTROL
MEMORY™ surrer
— — ARBITRATION
DUAL
TRANSCEIVER
| . 1T
[ xFMR | | XFMR
BUS A
1553 BUS
BUS B

Figure 3d. CPU/BCRTM Interface -- DMA Configuration
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The BCRTM also provides a TIMERON signal output
and an active channel output indicator (CHA/B) to
assist in meeting the MIL-STD-1553B fail-safe timer
requirements (see figure 4).

BCRTM

TIMERON
CHANNEL A | CHANNEL B |CHA/B

CHANNEL A CHANNEL B

TXINHA DUAL TXINHB
TRANSCEIVER

Figure 4. Dual-Channel Transceiver

6.0 REMOTE TERMINAL ARCHITECTURE

The Remote Terminal architecture is a descriptor-
based configuration of relevant parameters. It is
composed of an RT Descriptor Space (see figure 5)
and internal, host-programmable registers. The
Descriptor Space contains only descriptors.
Descriptors contain programmable subaddress
parameters relating to handling message transfers.

Each descriptor consists of four words: (1) a Control

Word, (2) a Message Status List Pointer, (3) a Data
List Pointer, and (4) an unused fourth word (see
figure 6.) These words indicate how to perform the
data transfers associated with the designated
subaddress.

A receive descriptor and a transmit descriptor are
associated with each subaddress. The descriptors
reside in memory and are listed sequentially by
subaddress. By using the index within the descriptor,
the BCRTM can buffer incoming and outgoing
messages, which reduces host CPU overhead. This
message buffering also reduces the risk of incoming
messages being overwritten by subsequent incoming
messages.

Each descriptor contains a programmable interrupt
structure for subsystem notification of user-selected
message transfers and indicates when the message
buffers are full. Illegalizing subaddresses, in normal
and broadcast modes, is accomplished by using
programmable bits within the descriptor (see the RT
Functional Operation section on next page).

m RECEIVE | SUBADDRESS #1

- STARTING ADDRESS | RECEIVE | SUBADDRESS #2
INITIALIZED BY CPU

IN THE RT DESCRIPTOR :
SPACE REGISTER [

RECEIVE | SUBADDRESS #31

UNUSED

TRANSMIT| SUBADDRESS #1

TRANSMIT| SUBADDRESS #2
[ ]

TRANSMIT| SUBADDRESS #31

UNUSED

MODE CODE
#'S0&16
MODE CODE
#'S1&17

MODE CODE
#'S 15 & 31

Figure 5. Descriptor Space

ILLEGAL BROADCAST
SUBADDRESS

ILLEGAL
SUBADDRESS

INTERRUPT WHEN
ADDRESSED

INDEX =0

l— INTERRUPT WHEN

15 0 9 8 7 6 ]

UNUSED | | | | I INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

FOR FUTURE EXPANSION

Figure 6. Remote Terminal Subaddress Descriptor
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Message Status information -- including word count, 6.1 RT Functional Operation

an internally generated time tag, and broadcast and The RT off-loads the host computer of all routine
message validity information -- is provided for each data transfers involved with message transfers over the
message. The Message Status Words are stored in a 1553B bus by providing a wide range of user-
separate Message Status Word list according to programmable functions. These functions make the
subaddress. The list’s starting locations are BCRTM'’s operation flexible for a variety of
programmable within the descriptor. applications. The following paragraphs give each

. . . function’s operational descriptions.
Message data, received or transmitted, is also stored

in lists. The message capacity of the lists and the lists’ 6.1.1 RT Subaddress Descriptor Definition

locations are user selectable within the descriptor. The host sets words within the descriptor (see figure
6, page 23). The BCRTM then reads the descriptor
words when servicing a command corresponding to
the specified descriptor. All bit-selectable functions
are active high and inhibited when low.

A. Control Word. The first word in the descriptor, the Control Word, selects or disables message transfers and
selects an index.

Bit Description
Number
BITs

15-11 Reserved.

BIT 10  Illegal Broadcast Subaddress. Indicates to the BCRTM not to access this subaddress using broadcast
commands. The Message Error bit in the status word is set if the illegal broadcast subaddress is
addressed. Since transmit commands do not apply to broadcast, this bit applies only to receive
commands.

BIT 9 Illegal Subaddress. Set by the host CPU, it indicates to the BCRTM that a command with this
subaddress is illegal. If a command uses an illegal subaddress the Message Error bit in the 1553
status word is set. The Illegal Command Interrupt is also asserted if enabled.

BIT 8 Interrupt Upon Valid Command Received. Indicates that the BCRTM is to assert an interrupt every
time a command addresses this descriptor. The interrupt occurs just prior to post-command descriptor
updating.

BIT 7 Interrupt When Index = 0. Indicates that the BCRTM initiates an interrupt when the index is
decremented to zero.

BITs 6-0 Index. These bits are for indexed message buffering. Indexing means transacting a pre-specified
number of messages before notifying the host CPU. After each message transaction, the BCRTM
decrements the index by one until index = 0. Note that the index is decremented for messages that
contain message €rrors.

B. Message Status List Pointer. The host sets the Message Status List Pointer, the second word within the
descriptor, and the BCRTM uses it as a starting address for the Message Status List. It is incremented by one
with each Message Status Word write. If the Control Word Index is already equal to zero, the Message Status
List Pointer is not incremented and the previous Message Status Word is overwritten.

Note: A Message Status Word is also written and the pointer is incremented when the BCRTM detects a message
error.

C. Data List Pointer. The Data List Pointer is the third word within the descriptor. The BCRTM stores data in
RAM beginning at the address indicated by the Data List Pointer. The Data List Pointer is updated at the end of
each successful message with the next message’s starting address with the following exceptions:

® If the message is erroneous, the Data List Pointer is not updated. The next message overwrites any
data corresponding to the erroneous message.

@ Upon receiving a message, if the index is already equal to zero, the Data List Pointer is not
incremented and data from the previous message is overwritten.

D. Reserved. The fourth descriptor word is reserved for future use.
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6.1.2 Message Status Word
Each message the BCRTM transacts has a 15 14 13 12 8 7 0

corresponding Message Status Word, which is pointed
to by the Message Status List Pointer of the
Descriptor. This word allows the host CPU to evaluate
the message’s validity, determine the word count, and
calculate the approximate time frame in which the
message was transacted (figures 7 and 8).

WORD COUNT [ TIME TAG

[_ MEsSsSAGE ERROR
MESSAGE WAS BROADCASTED

SUBSYSTEM FAIL INPUT WAS
ASSERTED DURING THIS MESSAGE

Figure 7. Message Status Word

MESSAGE STATUS WORD

DATA LIST LIsT
MESSAGE #1
MESSAGE #3

#2 #4

MESSAGE STATUS o

MESSAGE LIST POINTER

3

DATA LIST

MESSAGE POINTER $

#

(FROM RT DESCRIPTOR)
MESSAGE
#5

Figure 8. Remote Terminal Data and Message Status List

Message Status Word Definition

Bit
Number
BIT 15

BIT 14
BIT 13

BITs 12-8

BITs 7-0

Description

Subsystem Failed. Indicates SSYSF was asserted before the Message Status Word transfer to memory.
This bit is also set when the user sets bit 13 of Register 10.

Broadcast Message. Indicates that the corresponding message was received in the broadcast mode.

Message Error. Indicates a message is invalid due to improper synchronization, bit count, word
count, Manchester error.

Word Count. Indicates the number of words in the message and reflects the Word Count field in the
command word. Should the message contain a different number of words than the Word Count
field, the Message Error flag is triggered. If there are too many words, they are withheld from RAM.
If the actual word count is less than or grater than it should be, the Message Error bit in the 1553
status word is set.

Time Tag. The BCRTM writes the internally generated Time Tag to this location after message
completion. The resolution is 64 microseconds. (See Register 13). If the timer reads 2, it indicates
the message was completed 128 to 191 microseconds after the timer started.
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6.1.3 Mode Code Descriptor Definition

Mode codes are handled similarly to subaddress
transactions. Both use the four-word descriptors
residing in the RT descriptor space to allow the host
to program their operational mode. Corresponding to
each mode code is a descriptor (see figure 9a). Of
the 32 address combinations for mode codes in
MIL-STD-1553B, some are clearly defined functions
while others are reserved for future use. Sixteen
descriptors are used for mode code operations with
each descriptor handling two mode codes: one mode
code with an associated data word and one mode
code without an associated data word. All mode
codes are handled in accordance with
MIL-STD-1553B. The function of the first word of
the Mode Code Descriptor is similar to that of the
Subaddress Descriptor and is defined below. The
remaining three words serve the same purpose as in
the Subaddress Descriptor.

Control Word

REMOTE TERMINAL
DESCRIPTOR SPACE
STARTING ADDRESS
(RTDSSA) + 256

MODE CODE
#'S0&16

MODE CODE
#81&17

MODE CODE
#'S28&18

MODE CODE
#'S 156 & 31

<__ RTDSSA + 320

Note:

Mode code descriptor blocks are also provided for reserved
mode codes but have no associated predefined BCRTM
operation.

Figure 9a. (RT) Mode Code Descriptor Space

Bit Description

Number

BIT 15 Interrupt on Reception of Mode Code (without Data Word).
BIT 14 Illegalize Broadcast Mode Code (without Data Word).
BIT 13 Illegalize Mode Code (without Data Word).

BIT 12 Reserved.

BIT 11 Illegalize Broadcast Mode Code (with Data Word).

BIT 10 Illegalize Transmit Mode Code (with Data Word).

BIT 9 Illegalize Receive Mode Code (with Data Word).

BIT 8 Interrupt on Reception of Mode Code (with Data Word).
BIT 7 Interrupt if Index = 0.

BITs 6-0 Index. Functionally equivalent to the index described in the Subaddress Descriptor. It applies to

mode codes with data words only.

INTERRUPT ON RECEPTION OF MODE CODE
(WITHOUT DATA WORD)

ILLEGALIZE BROADCAST MODE CODE

(WITHOUT DATA WORD)
ILLEGALIZE MODE CODE

(WITHOUT DATA WORD)
RESERVED

ILLEGALIZE BROADCAST MODE CODE

(WITH DATA WORD)
ILLEGALIZE TRANSMIT MODE CODE

15 14 13 12 11 10 9

(WITH DATA WORD)

ILLEGALIZE RECEIVE MODE CODE
(WITH DATA WORD)

INTERRUPT ON RECEPTION OF MODE CODE

I (WITH DATA WORD)
— INTERRUPT IF INDEX = 0

7 6

[ | [ [ | ] |

| INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

RESERVED

Figure 9b. (RT) Mode Code Descriptor
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The descriptors, numbered sequentially from 0 to 15,
correspond to mode codes 0 to 15 without data words
and mode codes 16 to 31 with data words. For
example, mode codes 0 and 16 correspond to
descriptor 0 and mode codes 1 and 17 correspond to
descriptor 1. The Mode Code Descriptor Space is
appended to the Subaddress Descriptor Space starting
at 0100H (256D) of the 320-word RT Descriptor
Space (see figure 5).

The BCRTM autonomously supports all mode codes
without data words by executing the specific function
and transmitting the 1553 status word. The subsystem
provides the data word for mode codes with data
words (see the Data List Pointer section). For all
mode codes, an interrupt can be asserted upon
successful completion of the mode command by
setting the appropriate bit in the control word (see
figure 9b).

Dynamic Bus Control #00000

This mode code is accepted automatically if the
Dynamic Bus Control Enable bit in the Remote
Terminal Address Register is set. Setting the Dynamic
Bus Control Acceptance bit in the 1553 status word
and BCRTM Status Register confirms the mode code
acceptance. A High-Priority Interrupt is also asserted
if enabled. If the Dynamic Bus Control Enable bit is
not set, the BCRTM does not accept Dynamic Bus
Control.

Synchronize (Without Data Word) #00001

If enabled in the Mode Code #00001 Descriptor
Control Word, the BCRTM asserts an interrupt when
this mode code is received.

Transmit Status Word #00010
The BCRTM automatically transmits the 1553 status
word corresponding to the last message transacted.

Initiate Self-Test #00011

The BCRTM automatically starts its BIT routine. An
interrupt, if enabled, is asserted when the test is
completed. The BIT Word Register and external pin
BCRTF are updated when the test is completed. A
failure in BIT will also set the TF status word bit.

Transmitter Shutdown #00100
The BCRTM disables the channel opposite the
channel on which the command was received.

Override Transmitter Shutdown #00101
The BCRTM enables the channel previously disabled.

Inhibit Terminal Flag Bit #00110
The BCRTM inhibits the Terminal Flag from being
set in the status word.

Override Inhibit Terminal Flag Bit #00111
The BCRTM disables the Terminal Flag inhibit.

Reset Remote Terminal #01000
The BCRTM automatically resets the encoder,
decoders, and protocol logic.

Transmit Vector Word #10000

The BCRTM transmits the vector word from the
location addressed by the Data List Pointer in the
Mode Code Descriptor Block.

Synchronize (with Data Word) #10001
On receiving this mode code, the BCRTM simply
stores the associated data word.

Transmit Last Command #10010
The BCRTM transmits the last command executed
and the corresponding 1553 status word.

Transmit BIT Word #10011
The BCRTM transmits BIT information from the BIT
Register.

Selected Transmitter Shutdown #10100
On receiving this mode code, the BCRTM simply
stores the associated data word.

Override Selected Transmitter Shutdown #10101
On receiving this mode code, the BCRTM simply
stores the associated data word.

Mode codes 9-15 and 22-31 are reserved for future
expansion of MIL-STD-1553B.
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6.2 RT Error Detection

In accordance with MIL-STD-1553B, the remote
terminal handles superseding commands on the same
or opposite bus. When receiving, the remote terminal
performs a response time-out function of 56
microseconds for RT-RT transfers. If the response
time-out condition occurs, a Message Error bit is set
in the 1553 status word and in the Message Status
Word. Error checking occurs on both of the
Manchester logic and the word formats. Detectable
errors include word count errors, long words, short
words, Manchester errors (including zero crossing
deviation), parity errors, and data contiguity.

6.3 RT Operational Sequence

The following is a general description of the typical
behavior of the BCRTM as it processes a message in
the RT mode. It is assumed that the user has already
written a “1” to Register 0, bit 0, enabling RT
operation.

Valid Command Received.
COMSTR goes active

® DMA Descriptor Read. After receiving a valid
command, the BCRTM initiates a burst DMA:

DMA arbitration (BURST)
Control Word read

Message Status List Pointer read
Data List Pointer read

Data Transmitted/Received.
e Data Word DMA.

If the BCRTM needs to transmit data from
memory, it initiates a DMA cycle for each Data
Word shortly before the Data Word is needed
on the 1553B bus:

DMA arbitration
Data Word read (starting at Data List
Pointer address, incremented for each
successive word)

If the BCRTM receives data, it writes each
Data Word to memory after the Data Word is
received:

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Status Word Transmission.

The BCRTM automatically transmits the Status
Word as defined in MIL-STD-1553B. The

Message Error and Broadcast Command Received
bits are generated internally. Writing to Register 10
enables the other predefined bits. For illegalized
commands, the BCRTM sets the Message Error
Bit in the 1553 Status Word.

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register
7). For message errors, the BCRTM is put
in a hold state until the interrupt is
acknowledged (by writing a “1” to the
appropriate bit in Register 8).

For Standard Interrupts:

DMA arbitration (BURST)
Interrupt Status Word write

RT Descriptor Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

® Descriptor Write.

After the BCRTM processes the message, a
final DMA burst occurs to update the
descriptor block, if necessary:

DMA arbitration (BURST)

Message Status Word write

Data List Pointer write

(incremented by word count)

Message Status List Pointer write
(incremented by 1)

Control Word write (index decremented)

Note the following exceptions:

Mode codes without data require no
descriptor update.

Predefined mode codes (18 and 19) which
do not require access to memory for the
data word, do not involve updating the
Data List Pointer.

Messages with errors prevent updates to
the Data List Pointer.

If the message index was zero, neither the
Message Status List Pointer nor the Data
List Pointer is updated.
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7.0 Bus CONTROLLER ARCHITECTURE

The BCRTM'’s bus controller architecture is based on
a Command Block structure and internal, host-
programmable registers. Each message transacted over
the MIL-STD-1553B bus has an associated Command
Block, which the CPU sets up (see figures 10 and
11). The Command Block contains all the relevant
message and RT status information as well as
programmable function bits that allow the user to
select functions and interrupts. This memory interface
system is flexible due to a doubly-linked list data
structure.

HEAD POINTER

CONTROL WORD

COMMAND WORD 1
COMMAND WORD 2 (RT-RT ONLY)
DATA LIST POINTER

STATUS WORD 1

STATUS WORD 2 (RT-RT ONLY)
TAIL POINTER

Figure 10. Command Block

In a doubly-linked Command Block structure,
pointers delimit each Command Block to the previous
and successive blocks (see figure 12). The linking
feature eases multiple message processing tasks and
supports message scheduling because of its ability to
loop through a series of transfers at a predetermined
cycle time. A data pointer in the command allows
efficient space allocation because data blocks only
have to be configured to the exact word count used
in the message. Data pointers also provide flexibility
in data-bank switching.

COMMAND BLOCK
I = DATA WORD #1
DATA LIST POINTE DATA WORD #2

LAST DATA WORD \L
X IS BETWEEN 1 & 32
Figure 11. Data Placement

A control word with bit-programmable functions and
a Message Error bit are in each Command Block.
This allows selecting individual functions for each
message and provides message validity information.
The BCRTM'’s register set provides additional global
parameters and address pointers.

A programmable auto retry function is selectable from
the control word and Control Register.

The auto retry can be activated when any of the
following occurs:

® Busy Bit set in the status word

® Message Error (indicated by the RT status
response)

® Response Time-Out

® Message Error detected by the Bus Controller

One to four retries are programmable on the same or
opposite bus.

The Bus Controller also has a programmable
intermessage delay timer that facilitates message
transfer scheduling (see figures 13 and 14). This
timer, programmed in the control word, automatically
delays between the start of two successive commands.

A polling function is also provided. The Bus
Controller, when programmed, compares incoming
status words to a host-specified status word and
generates an interrupt if the comparison indicates any
matching bits. An Interrupt and Continue function
facilitates the host subsystem’s synchronization by
generating an interrupt when the specified Command
Block’s message is executed.

COMMAND BLOCK #1
HP

TP
g #2

HP

TP
g #3

HP

TP

(=

HP

TP

Figure 12. Command Block Chaining
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7.1 BC Functional Operation

The Bus Controller off-loads the host computer of
many functions needed to coordinate 1553B bus data
transfers. Special architectural features provide
message-by-message flexibility. In addition, a
programmable interrupt scheme, programmable
intermessage timing delays, and internal registers
enhance the BCRTM’s operation.

The host determines the first Command Block by
setting the initial starting address in the current
Command Block Register. Once set, the BCRTM
updates the current Command Block register with the

next Command Block Address. The BCRTM then
executes the sequential Command Blocks and counts
out message delays (where programmed) until it
encounters the last Command Block listed

(indicated by the End of List bit in the control
word). Interrupts are asserted when enabled events
occur (see the Exception Handling and Interrupt
Logging section, page 37).

The functions and their programming instructions are
described below. The registers also contain many
programmable functions and function parameters.

15 14 13 12 1 10 9 8 7 M 0
CC
MESSAGE INTERRUPT| b0 NG| AUTO | END RT-RT  [MONITOR ‘ ,
ERROR SKIP | AND ENABLE | RETRY | OF TRANSFERRT-RT TIME DELAY
CONTINUE ENABLE | LIST TRANSFER 5y
CC

Figure 13. Control Word

l MESSAGE #1

I T DELAY1

MESSAGE #2 | MESSAGE #3

TDELAY2 |

Figure 14. BC Timing Delays
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BC Command Block Definition
Each Command Block contains (see figure 10):

A. Head Pointer. Host-written, this location can contain the address of the previous Command Block’s Head
Pointer. The BCRTM does not access this location.

B. Control Word. Host-written, the Control Word contains bit-selectable options and a Message Error bit the
BCRTM provides (see figure 13). The bit definitions follow.

Bit Description

Number

BIT 15 Message Error. The BCRTM sets this bit when it detects an invalid RT response as defined in
MIL-STD-1553B.

BIT 14  Skip. When set, this bit instructs the BCRTM to skip this Command Block and execute the next.

BIT 13  Interrupt and Continue. If set, a Standard Interrupt is asserted when this block is addressed;
operation, however, continues. Note that this interrupt must also be enabled by setting bit 0 of
Register 9.

BIT 12  Polling Enable. Enables the BCRTM'’s polling operation.

BIT 11 Auto Retry Enable. When set, the Auto Retry function, governed by the global parameters in the
Control Register, is enabled for this message.

BIT 10 End of List. Set by the CPU, this bit indicates that the BCRTMP, upon completion of the current
message, will halt and assert a High-Priority Interrupt. The interrupt must also be enabled in the
High-Priority Interrupt Enable Register.

BIT 9 RT-RT. Set by the CPU, this indicates that this Command Block transacts an RT-RT transfer.

BIT 8 Monitor RT-RT Transfer. Set by the CPU, this function indicates that the BCRTM should receive
and store the message beginning at the location indicated by the data pointer.

BITs 7-0 Time Delay. The CPU sets this field, which causes the BCRTM to delay the specified time between
sequential message starts (see figures 13 and 14). Regardless of the value in the Time Delay field
(including zero), the BCRTM will at least meet the minimum 4 ps intermessage gap time as specified
in MIL-STD-1553B. The timer is enabled by having a non-zero value in this bit field. When using
this function, please note:

® Timer resolution is 16 microseconds. As an example, if a given message requires 116 us to
complete (including the minimum 4 ps intermessage gap time) the value in the Time Delay field
must be at least 00001000 (8 x 16 us = 128 ps) to provide an intermessage gap greater than the
4 us minimum requirement.

® If the timer is enabled and the Skip bit is set, the timer provides the programmed delay before
proceeding.

® If the message duration exceeds the timer delay, the message is completed just as if the timer
were not enabled.

e If SKIP = 1 and EOL = 1, the HPINT is generated if enabled.

e If SKIP = 1 and Interrupt and Continue = 1, the STDINT is generated if enabled.

C. Command Word One. Initialized by the CPU, this location contains the first command word corresponding to
the Command Block’s message transfer.

D. Command Word Two. Initialized by the CPU, this location is for the second (transmit) command word in
RT-RT transfers. In messages involving only one RT, the location is unused.

E. Data Pointer. Initialized by the CPU, this location contains the starting location in RAM for the command
block’s message (see figure 15).

F. Status Word One. Stored by the BCRTM, this location contains the entire Remote Terminal status response.

G. Status Word Two. Stored by the BCRTM, this location contains the receiving Remote Terminal status word.
For transfers involving one Remote Terminal, the location is unused.

H. Tail Pointer. Initialized by the host CPU, the Tail Pointer contains the next Command Block's starting
address.
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COMMAND BLOCK #1 RAM

L
DATA POINTER
MESSAGE #1

COMMAND BLOCK #2/
MESSAGE #2

DATA POINTER

DATA WORD #1
DATA WORD #2
DATA WORD #3
DATA WORD #1
DATA WORD #2
DATA WORD #3
DATA WORD #4

Figure 15. Contiguous Data Storage

7.2 Polling

During a typical polling scenario (see figure 16) the
Bus Controller interrogates remote terminals by
requesting them to transmit their status words. This
feature can also alert the host if a bit is set in any RT
status word response during normal message
transactions. The BCRTM enables the host to
initialize a chain of Command Blocks with the
command word’s Polling Enable bit. A programmable
Polling Compare Register (PCR) is provided. In the
polling mode, the Remote Terminal response is
compared to the Polling Compare Register contents.
Program the PCR by setting the PCR bits
corresponding to the RT’s 1553 status word bits to be
compared. If they match (i.e., two 1’s in the same bit
position) then, if enabled in both the BC Command
Block Control Word and in the Standard Interrupt
Enable Register (Register 9), a polling comparison
interrupt is generated.

Example 1. No bit match is present

PCR 00000000001
RT’s 1553 status word response 00000100010
Result No Polling Comparison Interrupt

Example 2. Bit match is present

PCR 00100100000
RT’s 1553 status word response 00000100000
Result Polling Comparison Interrupt

7.3 BC Error Detection

The Bus Controller checks for errors (see the
Exception Handling and Interrupt Logging and the
RT Error Detection sections, pages 37 and 28) on
each message transaction. In addition, the BC
compares the RT command word addresses to the
incoming status word addresses. The BC monitors for
response time-out and checks data and control words
for proper format according to MIL-STD-1553B.
Illogical commands include incorrectly formatted
RT-RT Command Blocks.

RT
RT RT

RESPONSE g

Q?

BC

POLLING RESPONSE REGISTER
(RT STATUS WORD)

POLLING COMPARE WORD
(SET BY CPU)

Figure 16. Polling Operation

7.4 Bus Controller Operational Sequence

The following is a general description of the typical
behavior of the BCRTM as it processes a message in the
BC mode.

The user starts BC operation by writing a “1” to
Register 0, Bit 0.

® Command Block DMA - the following occurs
immediately after Bus Controller startup:

DMA arbitration (BURST)

Control Word read

Command Word 1 read (from third
location of Command Block)

Data List Pointer read

A. For BC-to-RT Command Blocks:

The BCRTM transmits the Command Word.
® Data Word DMA

DMA arbitration
Data Word read (starting at Data List
Pointer address, incremented for each
successive word)

The BCRTM transmits the Data Word. Data Word
DMAs and transmissions continue until all Data
Words are transmitted.

® Status Word DMA
The BCRTM receives the RT Status Word.

DMA arbitration
Status Word write (to sixth location of
Command Block)
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B. For RT-to-BC Command Blocks:
The BCRTM transmits the Command Word.
o Status Word DMA
The BCRTM receives the RT Status Word.

DMA arbitration
Status Word write (to sixth location of
Command Block)

The BCRTM receives the first Data Word.
e Data Word DMA

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Data Word receptions and DMAs continue until all
Data Words are received.

C. For RT(B)-to-RT(A) Command Blocks:
The BCRTM transmits Command Word 1 to
RT(B).
® Command Word 2 DMA

DMA arbitration
Command Word 2 read (from fourth
location of Command Block)

The BCRTM transmits Command Word 2 to
RT(A).

The BCRTM receives the RT Status Word from
RT(A).

® Status Word DMA for RT(A) Status Word

DMA arbitration
Status Word write (to sixth location of
Command Block)

The BCRTM receives the first Data Word

e Data Word DMA (only if the BCRTM is
enabled to monitor the RT-to-RT message).

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Data Word receptions and DMAs continue until all
Data Words are received.

The BCRTM receives the RT Status Word from

RT(B).

® Status Word DMA for RT(B) Status Word
DMA arbitration

Status Word write (to seventh location of
Command Block)

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register 7). For
message errors, the BCRTM is put in a hold state
until the interrupt is acknowledged (by writing a
“1” to the appropriate bit in Register 8).

For Standard Interrupts:

DMA arbitration (BURST)
Interrupt Status Word write
Command Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

If Retries are enabled and a Retry condition
occurs, the following DMA occurs:

DMA arbitration (BURST)

Control Word read

Command Word 1 read (from third
location of Command Block)

Data List Pointer read

The BCRTM proceeds from the current Command
Block to the next successive Command Block.

® If no Message Error has occurred during the
current Command Block, the following occurs:

DMA arbitration (BURST)

Command Block Tail Pointer read (to
determine location of next Command
Block. Note that this occurs only if no
Retry.)

DMA hold cycle

Control Word read (next Command
Block)

Command Word 1 read (next Command
Block)

Data List Pointer read

e If the BCRTM detects a Message Error while
processing the current Command Block, the
following occurs:

DMA arbitration (BURST)

Control Word write

Command Block Tail Pointer read (to
determine location of next Command
Block. Note that this occurs only if no
Retry.)

DMA hold cycle

Control Word read (next Command
Block)

Command Word 1 read (next Command
Block)

Data List Pointer read

The BCRTM proceeds again from point A, B, or
C as shown above.
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7.5 BC Operational Example (see figure 22 on
page 39)

The BCRTM is programmed initially to accomplish
the following:

The first Command Block is for a four-word RT-RT
transfer with the BCRTM monitoring the transfer and
storing the data.

® Auto-retry is enabled on the opposite bus using
only one retry attempt, if the incoming Status
Word is received with the Message Error bit set.

® Wait for a time delay of 400 microseconds before
proceeding to the next Command Block.

® The Data List Pointer contains the address
0400H.

The second Command Block is for a BC-RT transfer
of two words.

® The End of List bit is set in its Control Word.

® The Data List Pointer contains the address
0404H.

® The Polling Enable bit is set and the Polling
Compare Register contains a one in the Subsystem
Fail position (Bit 2).

Then:

A. The CPU initializes all the appropriate registers
and Command Blocks, and issues a Start Enable
by writing a “1” to Register 0, Bit 0.

B. The BCRTM, through executing a DMA cycle,
reads the Control Word, Command Words, and
the Data List Pointer. The delay timer starts and
message execution begins by transmitting the
receive and transmit commands stored in the
Command Blocks. The BCRTM then waits to
receive the Status Word back from the
transmitting RT.

C. The BCRTM receives the RT Status Word with all
status bits low from the transmitting RT and stores
the Status Word in Command Block 1. The
incoming data words from the transmitting RT
follow. The BCRTM stores them in memory
locations 0400H - 0403H.

If the Status Word indicates that the message
cannot be transmitted (Message Error), the
response time-out clock counts to zero and the
allotted message time runs out. An auto-retry can

be initiated if programmed to do so. Nevertheless,
the ME bit in the Control Word is set.

. The BCRTM receives the Status Word response

from the receiving RT. The ME bit in the Status
Word is set, indicating the message is invalid. The
BCRTM initiates the auto retry function, (as
programmed) on the alternate bus, re-transmits
the Command Words, receives the correct Status
Word, and stores the data again in locations
0400H - 0403H. This time the Status Word
response from the receiving RT indicates the
message transfer is successful.

. The timer delay between the two successive

transactions counts down another 135
microseconds before proceeding. This is
determined as follows:

The message transaction time is approximately 130
microseconds (the only approximation is due to
the range in status response and intermessage gap
times specified by MIL-STD-1553B).
Approximating that with the retry, the total
duration for the two attempts is 265
microseconds.

. The BCRTM reads the Tail Pointer of Command

Block 1 and places it in the Current Command
Register. It also reads the Control Word,
Command Word, and Data List Pointer, and the
first data word in the second Command Block.

. Since this is a BC-RT transfer, the BCRTM

transmits the receive command followed by two
data words from locations 0404H - 0405H in
memory. The BCRTM reads the second data
word from memory while transmitting the first.

. The BCRTM receives the status response from the

RT. In this case, the Status Word indicates, by

the ME bit being low, that the message is valid.
The Status Word also has the Subsystem Fail bit
set.

. The Status Word is stored in the Command

Block. The BCRTM, having encountered the end
of the list, halts message transactions and waits for
another start signal.

. The BCRTM asserts a High-Priority Interrupt

indicating the end of the command list. Due to

the polling comparison match, the BCRTM also
asserts a Standard Priority Interrupt and logs the
event in the Interrupt Log List.
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8.0 Bus MONITOR ARCHITECTURE

The BCRTM'’s bus monitor architecture is based on a
Command Block structure and internal,
host-programmable registers. Each message transacted
over the MIL-STD-1553B bus (for a monitored RT
address) has an associated Command Block, which
the CPU sets up (see figures 17 and 18). The
Command Block contains all the relevant message
and RT status information as well as programmable
function bits that allow the user to select functions
and interrupts.

MONITOR CONTROL/STATUS
1553 COMMAND WORD 1
1553 COMMAND WORD 2
DATA LIST POINTER

1553 STATUS WORD 1
1553 STATUS WORD 2

TAIL POINTER

Figure 17. BCRTM Bus Monitor
Command Block

In a linked list Command Block structure, pointers
delimit each Command Block to the successive block
(see figure 19). A data pointer in the Command
Block allows efficient space allocation because data
blocks do not have to be placed contiguously in
memory.

COMMAND BLOCK

DATA LIST FOINTE4

DATA WORD #1
DATA WORD #2

LAST DATA WORD
X IS BETWEEN 1 & 32

E——X—>

Figure 18. Data Placement

A Monitor control/status word with an eight-bit Time
Tag, an Interrupt When Addressed bit, a Message
Error bit, and a Command Block Activated bit are in
each Monitor Command Block. The user can access
these control/status words to determine which Monitor
Command Block was last utilized. Also, by selecting
the Interrupt When Addressed feature that is
available for each Command Block, the host can

determine when particular remote terminal activity
has occurred.

COMMAND BLOCK #1
CONTROL WORD

TP
—

CONTROL WORD

TP
C—

CONTROL WORD

TP

—
CONTROL WORD

TP

Figure 19. Monitor Command Block
Tail Pointers

8.1 Monitor Functional Operation

The Bus Monitor function is a register-selectable
mode of operation. The host uses Registers 14, 16, -
and 17 in conjunction with Register 0 to program the
BCRTM to monitor any combination of remote
terminals or all of the remote terminals.

The BCRTM’s memory management scheme gives the
host a great deal of flexibility for processing 1553 bus
data and is compatible with many bus monitoring
applications. The host CPU is responsible for
initializing the Monitor control/status word, the Data
Pointer, and the Tail Pointer in each of the Monitor
Control Blocks. The Monitor structure is analogous to
the Bus Controller Command Block scheme. The only
real difference is the direction of information flow.

The number of Monitor Control Blocks that the host
initializes depends on the data latency requirements
for post-processing of 1553 commands. The linked list
of Command Blocks could be connected in a loop
fashion, with the BCRTM accessing the loop at one
point and the host CPU processing the message
behind that point. The bit positions of the BM
control/status word are defined as shown in figure 20.
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15 14 13 12 11 10 9 8
[Teea T Me | 1o0a [T BAaB | x | x | x | x 1]
7 6 5 4 3 2 1 0
[ 7 [ e | v | ma [ 18 | 12 | ™M | T |
BO - B7 Time Tag (64 ps resolution)
B8 - B11 Not used

B12 - Bus A/B:Defines which of the dual redundant 1553 buses on which the

BCRTM received this message.
Interrupt When Addressed. The BCRTM issues a standard priority

B13 - IWA:

interrupt when the host accesses this Bus Monitor Command Block.

B14 - ME:

Message Error. The BCRTM sets this bit if a 1553 message error oc

curred while receiving this message.

B15 - CBA:

Command Block Activated. The BCRTM sets this bit when this Bus

Monitor Command Block is accessed by the BCRTM.

Figure 20. Bus Monitor Control/Status Word

8.2 Monitor Error Detection

In the Monitor mode, the BCRTM checks all
monitored messages for errors. Detectable errors
include word count errors, long words, short words,
Manchester errors (including zero crossing deviation),
parity errors, and data contiguity.

Due to the nature of the 1553 protocol, it can be
very difficult for any monitoring device to interpret
some types of errors on the 1553 bus. For example,
suppose an RT (whose RT Address the BCRTM is
monitoring) incorrectly responds to a Broadcast
command. The BCRTM, which is not receiving or
transmitting the message, cannot distinguish between
the erroneous status word and a new command sent
from the Bus Controller, since the status sync is
identical to the command sync. In this case, the
BCRTM will put the extra status word in a new
Monitor Command Block, and then report a Message
Error due to the incorrect protocol on the
erroneously interpreted status word the RT
transmitted.

8.3 Monitor Operational Sequence

The following is a general description of the operation
of the BCRTM as it processes a monitored BC-to-RT
message in the Monitor mode. DMA operations will
vary slightly depending on the type of message (i.e.,
RT-to-BC, RT-to-RT, etc.). It is assumed that the
user has already written a “1” to Register 0, bit 0,
and all other registers are in the appropriate state to
enable Monitor operation.

Valid Command Received.

COMSTR goes active.

® DMA Monitor Command Block Read. After
receiving a valid command, the BCRTM
initiates a burst DMA:

DMA arbitration (BURST)
Control Word read
Command Word write
Data List Pointer read

Data Received.
® Data Word DMA

The BCRTM initiates a DMA cycle for each
Data Word to store the data in memory,
whether the command was a transmit or
receive command to any valid monitored RT
Address.

DMA arbitration

Data Word write (starting at the Data List
Pointer address, incremented for each
successive word)

Status Word Received.
® Status Word DMA

DMA Arbitration
Status Word write

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register
7). For message errors, the BCRTM is put
in a hold state until the interrupt is
acknowledged (by writing a “1” to the
appropriate bit in Register 8).
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For Standard Interrupts:

DMA arbitration (BURST)

Interrupt Status Word write

Monitor Command Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

Message Completion.

Upon completion of the message, the BCRTM
initiates a DMA cycle to update the status word
and fetch the address of the next Monitor
Command Block:

DMA Arbitration (BURST)
Control/Status Word Write
Tail Pointer Read

9.0 ExceprioN HANDLING AND
INTERRUPT LOGGING

The exception handling scheme the BCRTM uses is
based on an interrupt structure and provides a high
degree of flexibility in:

® defining the events that cause an interrupt,

® selecting between High-Priority and Standard
interrupts, and

® selecting the amount of interrupt history retained.

The interrupt structure consists of internal registers
that enable interrupt generation, control bits in the
RT and BC data structures (see the Remote Terminal
Descriptor Definition section, page 23, and the Bus
Controller Command Block definition, page 31), and
an Interrupt Log List that sequentially stores an
interrupt events record in system memory.

The BCRTM generates the Interrupt Log List (see
figure 21) to allow the host CPU to view the Standard
Interrupt occurrences in chronological order. Each
Interrupt Log List entry contains three words. The
first, the Interrupt Status Word, indicates the type of
interrupt (entries are only for interrupts enabled). In
the BC mode, the second word is a Command Block
Pointer that refers to the corresponding Command
Block. In the RT mode, the second word is a
Descriptor Pointer that refers to the corresponding
subaddress descriptor. The CPU-initialized third word,
a Tail Pointer, is read by the BCRTM to determine
the next Interrupt Log List address. The list length
can be as long or as short as required. The
configuration of the Tail Pointers determines the list
length.

STDINTL

INTERRUPT LOG LIST INTERRUPT STATUS
POINTER REGISTER WORD

COMPl\gf\h?l‘%RBLOCK
ENTRY #1

SUBADDRESS/MODE

CODE DESCRIPTOR

POINTER
g TAIL POINTER

ENTRY #2
ENTRY #3

G

Figure 21. Interrupt Log List

The host CPU initializes the list by setting the tail
pointers. This gives flexibility in the list capacity and
the ability to link the list around noncontiguous
blocks of memory. The host CPU sets the list’s
starting address using the Interrupt Log List Register.
The BCRTM then updates this register with the
address of the next list entry.

The internal High-Priority Interrupt Status/Reset
Register indicates the cause of a High-Priority
Interrupt. The High-Priority Interrupt signal is

reset by writing a “1” to the set bits in this register.

The interrupt structure also uses three BCRTM-driven
output signals to indicate when an interrupt event
occurs:

Standard Interrupt Level. This

signal is asserted when one or more

of the events enabled in the Standard
Interrupt Enable Register occurs. Clear
the signal by resetting the Standard
Interrupt bit in the High-Priority
Interrupt Status/Reset Register.
Standard Interrupt Pulse. This signal

is pulsed for each occurrence of an
event enabled in the Standard Interrupt
Enable Register.

High-Priority Interrupt. This signal is
asserted for each occurrence of an
event enabled in the High-Priority
Interrupt/Enable Register. Writing to the
corresponding bit in the High-Priority
Status/Reset Register resets it.

STDINTP

HPINT
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Interrupt Status Word Definition
All bits in the Interrupt Status Word are active high and have the following functions:

Bit
Number
BIT 15

BIT 14

BIT 13
BITs 12-8
BIT 7

BIT 6

BIT S

BIT 4

BIT 3
BIT 2
BIT 1
BIT 0

Description

Interrupt Status Word Accessed. The BCRTM always sets this bit during the DMA Write of the
Interrupt Status Word. If the CPU resets this bit after reading the Interrupt Status Word, the bit can
help the CPU determine which entries have been acknowledged.

No Response Time-Out (Message Error condition). Further defines the Message Error condition to
indicate that a Response Time-Out condition has occurred.

(RT) Message Error (ME). Indicates the ME bit was set in the 1553 status word response.
Reserved.

(RT) Subaddress Event or Mode Code with Data Word Interrupt. Indicates a descriptor control
word has been accessed with either an Interrupt Upon Valid Command Received bit set or an
Interrupt when Index=0 bit set (and the Index is decremented to 0).

(RT) Mode Code without Data Word Interrupt. Indicates a mode code has occurred with an
Interrupt When Addressed interrupt enabled.

(RT) Illegal Broadcast Command. Applies to receive commands only. This bit indicates that a
received command, due to an illegal mode code or subaddress field, has been received in the
broadcast mode. This does not include invalid commands.

(RT) Illegal Command. This indicates that an illegal command has occurred due to an illegal mode
code or subaddress and T/R field. This does not include invalid commands.

(BC) Polling Comparison Match. Indicates a polling comparison interrupt.
(BC) Retry Fail. Indicates all the programmed retries have failed.
(BC,RT) Message Error. Indicates a Message Error has occurred.

(BC) Interrupt and Continue. This corresponds to the interrupt and continue function described in
the Command Block.
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Figure 23. MIL-STD-1553B Word Formats
10.0 OrerRATING CONDITIONS*
(Referenced to Vss)
SYMBOL PARAMETER LIMITS UNIT
Vbp DC supply voltage -0.3 to +7.0 \'
Vo Voltage on any pin -0.3 to V\pp+0.3 v
I; DC input current +10 mA
TstG Storage temperature —65 to +150 °c
Timax Maximum junction temperature +175 °c
Pp Average power dissipation (1) 300 mW
O)c Thermal resistance, junction-to-case 10 °C/w

Note:
1. Does not reflect the added PD due to an output short-circuited.

* Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond limits indicated in the operational sections of this

specification is not recommended. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
Vbp DC supply voltage 4.5t0 5.5 v
Tc Temperature range -55 to +125 °C
Fo Operating frequency 12 +.01% MHz
11.0 DC ELecTRICAL CHARACTERISTICS
(Vpp = 5.0 V + 10%; -55°C < T¢ < + 125°C)
SYMBOL PARAMETER CONDITION MINIMUM | MAXIMUM | UNIT
Vi Low-level input voltage 0.8 \'%
TTL inputs
Vin High-level input voltage 2.0 \'%
Non-RAD TTL inputs
In Input leakage current
TTL inputs VIN = Vpp Or Vs -1 1 pA
Inputs with pull-up resistors VIN = VDD -1 1 pA
Non-RAD Inputs with pull-up resistors VIN = Vss -550 -80 HA
Vin High-level input voltage (6)
TTL inputs (7) 2.2 \%
RAD-HARD| CMOS inputs .7 Vpp \'%
In Input leakage current
TTL (7), CMOS inputs ViN = Vop Or Vss -10 10 pA
Inputs with pull-up resistors |Vin = VDD +150 +900 BA
RAD-HARD Inputs with pull-up resistors |VNn = Vsg -900 -150 pA
VoL Low-level output voltage
TTL outputs IoL = 3.2 mA 0.4 \Y4
CMOS outputs IoL =50 A Vss +.1 \'%
Vou High-level output voltage v
TTL outputs Iog = —400 pA 2.4 v
CMOS outputs Iog=50 pA VDD -.1
Ioz Three-state output leakage
current
TTL outputs Vo = Vop or Vg -10 10 pA
Ios ?il,%t—cucult output current Vbp = 5.5 V, Vo = Vpp 100 "
Vbp=55V,Vo=0V ~100 mA
Cin Input capacitance (3) F=1MHz@0V 10 pF
Cout | Output capacitance (3) F=1MHz@0V 15 pF
Cio Bidirect I/O capacitance (3) F=1MHz@0V 20 pF
Ipp Average operating current (1,4) |F = 12 MHz, C; = 50 pF| 50 mA
Qlpp Quiescent current See Note 5§ 3 mA
Notes:

oW AL

. Supplied as a design limit, but not guaranteed or tested.

. Not more than one output may be shorted at a time for a maximum duration of one second.

. Measured only for initial qualification, and after process or design changes which may affect input/output capacitance.

. Includes current through input pull-up. Instantaneous surge currents on the order of 1 ampere can occur during output switching.
Voltage supply should be adequately sized and decoupled to handle a large current surge.

. All inputs with internal pull-ups should be left floating. All other inputs should be tied high or low.

. Functional tests are conducted in accordance with MIL-STD-883 with the following input test conditions:

Vin = Vig(min) +20%, -0%; Vi = ViL(max) +0%, -50%, as specified herein, for TTL - compatible inputs.
Devices may be tested using input voltage within the above specified range, but are guaranteed to Vyy(min) and Vy(max).
7. To 1 x 108 total dose; above this level CMOS 1/Os required.
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12.0 AC ELECTRICAL CHARACTERISTICS
(Over recommended operating conditions)

Viy MIN — — — — —_—— — —- —_- - — — — —V,,, MIN
H 1 1 . _ _ _—Z IH
INPUTV"- MAX=———— ——7; @ ()\ke —_ = — V. MAX

| kY
IN-PHASE f_taj(a) '(2)‘2{ —oz === == VouMN
QUT-OF-PHASE ! Lt ;I YoLmax
OUTRUT LiR@ f = = = = == = ZVouMN
A F-**‘e‘~—'>l oL
BUS | | >—k _____ VonMIN
| === = — VoL MAX
| F_tf_a
k tg |
k th )
SYMBOL PARAMETER
ta INPUT 1 to response M
ty INPUT ' to response
te INPUT 1 to response
ty INPUT \ to response 1
te INPUT ' to data valid
t INPUT \ to high Z
to INPUT M to high Z
th INPUT 1 to data valid
Notes:

1. Timing measurements made at (Viy MIN + Vi, MAX)/2.

2. Timing measurements made at (VoL MAX + Voy MIN)/2.

3. Based on 50 pF load.

4. Unless otherwise noted, all AC electrical characteristics are guaranteed by design or characterization.

Figure 24. Typical Timing Measurements

5V

IREF (source)

3V

ov

<2ns

IREF (sink)
Input Pulses

Output Loading

Note:
50 pF including scope probe and test socket

Figure 25. AC Test Loads and Input Waveforms
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& DMA GRANT RECOGNIZED ON THIS EDGE

N S N S D R N

tshL

MCLKD2 —_l

. L1 L
I

DMAG | | Il l
! tew2 a 3
DMACK

' |
TSCTL | | l I—_
| | ' b
MEMCSO ' ' | ]
| I
I
ADDRESS ) | Y,
| ] I | I\ >< :I
N N
DATA | | i f | 4 Dg < 4
_ | | | 1 [
RWR/RRD I T | [ 1 |
(2) | l J I | | [ I
AEN
| I TN P
| — i
BURST K ktPHL1 e I
toozL1) |e >|< : H—— tHLH2—>: <
PHL2 t
— PHL3
tpHLa
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 DMACKY to DMAR High Impedance 0 10 ns
tprLr (1) DMAG Yto DMACR ¥V See note 3 0 45 ns
teHL2 DMAG YVto TSCTL V 2xMCLK 4xMCLK ns
tpzL1 TSCTLY to ADDRESS valid 0 40 ns
tHLH2 RWR/RRD No OMACK 1T THMC1-10 | THMC1+10| ns
tpHL3 TSCTL YV to RWR/RRD Vv MCLK-20 | MCLK+20 | ns
tewsz PMAG Vo oWAG T MCLK 6XMCLK | ns |
t
00zL1 DMAR “to BURST 1 0 10 ns
tpHLA DMAR Vo DMAG YV See note 4 0 3.5 (1.9) us
tPHLe DMAR ‘to DMAG VY See note 5 0 1.9 (0.8) ps

. See figures 27 & 28 for detailed DMA read and write timing.
AG must be asserted at least 45 ns prior to the rising edge of MCLKD?2 in order to be recognized for the next
G is not asserted at least 45 ns prior to the rising edge of MCLKD2,
following MCLKD?2 cycle.
4. Provided MCLK = 12 MHz. Number in parentheses indicates the longest DMAR V1o DMAG V alllowed during worst-case
bus switching conditions in order to meet MIL-STD-1553B RT Response Time. The number not in parentheses applies to
all other circumstances.
5. Provided MCLK = 6 MHz. Number in parentheses indicates the longest DMAR V1o DMAG V' allowed during worst-case
bus switching conditions in order to meet MIL-STD-1553B RT Response Time. The number not in parentheses applies to
all other circumstances.

Notes:

1. Guaranteed by test.
2

3

" MCLKD?2 cycle.If

MCLK = period of the memory clock cycle.
BURST signal is for multiple-word DMA accesses.
THMCI is equivalent to the positive phase of MCLK (see figure 27).

Figure 26. BURST DMA Timing

is not recognized until the
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tPLrpt oL,

| THMC1 4 THMC2
MCLK < N X A
! I
MCLKD2 (I
L] L [ L
TSCTL l I
Lo L ]
MEMCSO + |
Iy I |
A PLh2i€ | A tHze ¢
ADDRESS X )
| : :
I
DATA | } 4 Iy
| |
RRD : I | L
. PR ! 4 ! t
H_____)' tsLH1 i tHLZ1
v t pwi \l
K A
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 ADDRESS valid to RRD (ADDRESS setup) [THMC2-20 | THMC2 ns
towi RRD\ to RRD MCLK-5 | MCLK+5 ns
thize RRD TMto ADDRESS High Impedance (ADDRESS hold) |THMC1-10| THMC1 ns
thiz RRD Mo DATA High Impedance (DATA hold) 5 - ns
tsLmt DATA valid to RRD 1 (DATA setup) 40 - ns
tpLH1 (1) | MCLK Mo MCLKD2 0 40 ns
oL H2 MCLK /M to TSCTL/MEMCSO 0 40 ns
tioHL1 (1) MCLK Mo RRD 0 60 ns

Note:
1. Guaranteed by test.

Figure 27. BCRTM DMA Read Timing (One-Word Read)
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tpLHY tioHL1 L THMC1  THMC2
MCLK | k- K < A

MCLKD2 !
| |
I | L
TSCTL : | J______
| t
‘MEMCSO { | I—__
9: tpLHz I
ss | ! Xtz
ADDRE X : . ) A
| | '
DATA : — T S———
RWR l | } ' 1
| tepnLy L tyizy !
k—— 3 toozLs t Kk———
K PW1 N
SYMBOL PARAMETER MIN MAX UNITS
tsHLY ADDRESS valid to RWR_ (ADDRESS setup)| THMC2-20 THMC2 ns
toozL1(1) AWRY to DATA valid 0 30 ns
thiz RWR /M to DATA High Impedance (DATA hold) THMC1-20{ THMC1 ns
thiLze RWR to ADDRESS High Impedance (ADDRESS hold) |[THMC1-20 THMCH1 ns
tew1 RWR Vto RWR 1 MCLK-5 | MCLK+5 ns
teLHt (1) | MCLK Mo MCLKD2 A 0 40 ns
tpLH2 MCLK Mo TSCTL/MEMCSO 0 40 ns
tiont1 (1) [ MCLK ™Mo RWR 0 60 ns

Note:
1. Guaranteed by test.

Figure 28. BCRTM DMA Write Timing (One-Word Write)
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; t
| 00ZH2
|

l
t t
|, OOZH1 HLH1 X
F 4 f J
ADDRESS '—K ] ' " >-_—'_< >_—_
| L —t—
DATA T < l A S——
oS ——— | ;
v 1 tHLH2
otews 1 w2 |
[ ’1
SYMBOL PARAMETER MIN MAX UNITS
toozH2 | ADDRESS valid to DATA valid - 80 ns
tHiH2 RD+CS Tto DATA High Impedance (DATA hold) 50 ns
toozH1 (1)| RD+CS Vto DATA valid (DATA access) - 60 ns
tHLH RD+CS Mo ADDRESS High Impedance  (ADDRESS hold)| 5 - ns
tpwi RD+CS Vto RD+CS_ 1T 60 - ns
tpw2 RD+CS ™Mo RD+CS 80 - ns
Notes:
1. Guaranteed by test.
2. User must adhere to both tOOZH1 and tOOZH2 timing constraints to ensure valid data.
Figure 29. BCRTM Register Read Timing
t t t
y SHL1 * PW1 | THLH2
| }
ADDRESS ____I¢ : i ) >
Nl
WRCS ' | :
S B ]
HLH1 |
G 1 thwy '
SLH1 ¢ ]
|
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 ADDRESS valid to WR+CS ¥ (ADDRESS setup) | 60 - ns
tsLH1 DATA valid to WR+CS D (DATA setup) 60 - ns
tpw1 WR+CSYV to WR+CS T 60 - ns
tHLH WR+C3™ to DATA High Impedance (DATA hold) 10 - ns
tHLH2 WR+C3™ to ADDRESS High Impedance (ADDRESS hold) 10 - ns
tew2 WR+C3T to WR+CS V 80 - ns

Figure 30. BCRTM Register Write Timing
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|

|

RRD
[ | fPLHé_
‘WR e' :
RWR '
. ‘PLka L ]
MEMCSI !
|

K
|
mcfs,—o_____| —

SYMBOL PARAMETER MIN MAX UNITS

tpLH1 (1) RD Vto RRD_ V 0 30 ns

teLnz (1) WRY to RWR YV (1] 30 ns

tpLHs (1) MEMCSI “Vto MEMCSO_ 0 30 ns
Note:

1. Guaranteed by test.
Figure 31. BCRTM Dual-Port Interface Timing Delays

tezi
d K
MANCHEbIhHlCI IDH IDI
DMA ] ] [ ]
ACTIVITY LI 1
SYMBOL PARAMETER MIN MAX UNITS
tez14 Data word to DMA activity 0 4 us

This diagram indicates the relationship between the incoming Manchester code and DMA activity (i.e., DMAR \/ to DMACK M ).

Note:
The pulsewidth = (11 [s ~tpma -tpzr1) Where tpyg is the time to complete DMA activity (i.e., DMARN, to DMACK M ).

Figure 32. DMA Activity (RT Mode)
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tpLH2
A F
MCLK _l l__l L—' | l—-l l—l I—I |—‘I L

MCLKD2____| L | [ | I M

omar /////[/[[1 /11111 ]//] V77777777 77777777777777777
|
DMAG | I |
‘ L1
DMAGO : | N
— |
DMACK 77777777‘.727;;77777?7777777777777777777| |
2 K Sk
teHL1 tsHL1
SYMBOL PARAMETER MIN MAX UNITS
teHLy 6MAG Vto BMAGO V 0 30 ns
tSHL1 DMACK ‘]/to DMAR High Impedance 0 10 ns
tomz (1) mek Mo Mmooz 0 40 ns
Notes:

1. Guaranteed by test.
2. When DMAG is asserted before DMAR, the DMAG signal passes through the BCRTM as DMAGO.

Figure 33. BCRTM Arbitration when DMAG is Asserted before Arbitration
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DMAR

VI T T T T T

DMAG

I

SWACK 777777771777177 771777177

1 T
— 1
RWR f T
, | I N
RRD : t + ]___J___
| | |
1 I |
TSCTL | | [ | ] —
| | |
BURST [ | |
| | |
STDINTL 1 T [ ™
| | | I
STDINTP f T T +
| ﬁ 1 >| | ———I_
| OOHL1 tooLH1 g=—
| . | tPwi
y OOHL2 .
K 2
SYMBOL PARAMETER MIN MAX UNITS
tooLH1 TSCTLM to STDINTP/STDINTL - 1 us
tew1 STDINTP L to STDINTP 320 340 ns
tooHL1 DMACK Vto RWR 3xMCLK-10 5xMCLK ns
tooHL2 DMAG “to STDINTL v 8xMCLK+0.5 |10xMCLK+1 ns

Note:

Address and data bus relationships (not shown) are identical to figure 26.

Figure 34. BCRTM Interrupt Log List Entry Operation Timing
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13.0 PackaGE OUTLINE DRAWINGS
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Figure 35a. BCRTM Flatpack and LCC Pin Identification (Top View)
(Flatpack Leads Omitted for Clarity)

BURST
TEST
SSYSF
MCLKD2
HPINT
STDINTP
STDINTL
DMAGO
AEN
MCLK
Vbp

Vss

cs

RD

WR
MEMCS!
DMACK
DMAG
DMAR
TSCTL
MEMCSO
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Figure 35b. BCRTM Pingrid Array Pin Identification (Bottom View)

BCRTM-51



BCRTM-52



N3
%] UT1553 BCRTMP

FEATURES

O Comprehensive MIL-STD-1553 dual-redundant Bus
Controller (BC) and Remote Terminal (RT) functions

[0 Multiple message processing capability in
BC and RT modes

[0 Automatic polling and intermessage delay in BC
mode

[0 Programmable interrupt scheme and
internally generated interrupt history
list

[0 Register-oriented architecture to enhance
programmability

0 DMA or pseudo-dual-port memory
interface with 64K addressability

[0 Time tagging and message logging in RT mode

[ Packaged in 144-pin pingrid array,
132-lead flatpack

O Low-power CMOS technology

[0 Full military operating temperature range, -55°C
to +125°C, screened to the specific test methods
listed in Table I of MIL-STD-883, Method 5004,
Class B

O Eight mode select inputs configure the device for
a wide variety of 1553 protocols:
MIL-STD-1553A, MIL-STD-1553B, McDonnell
Douglas A3818, A5232, A5690, Grumman
Aerospace SP-G-151A

[0 Comprehensive Built-In-Test (BIT) includes:
Continuous on-line wrap-around test, off-line BIT,
special system wrap-around test

p REGISTERS
HIGH-PRIORITY
MASTER T STD PRIORITY LEVEL CONTROL
12MHZ  RESET STD PRIORITY PULSE STATUS
CURRENT BC BLOCK/
| RT DESCRIPTOR SPACE
CLOCK &
RESET lﬁH POLLING COMPARE
LOGIC BUILT-IN-TEST WORD
c PRST°°°'- CURRENT COMMAND
MESSAGE INTERRUPT LOG
B - PARALLEL- HANDLER LIST POINTER
1553 = DUAL TO-SERIAL
DATA 0Bl chanKeL| | SONVER- HIGH-PRIORITY
CHANNEL —{ 9X[{ CHANNEL| | 50N BUS INTERRUPT ENABLE
A 241 ENCODER] Al1e i ANSFerls
1553 gﬁi: Rioouce: N 7| LoGIC HIGH-PRIORITY
DATA i3 & SERIAL-TO- Y INTERRUPT STATUS
CHANNEL — £ : PARALLEL 1 ’I‘
s g | | CONVER- STANDARD INTERRUPT
SION RT PROTOCOL ENABLE
ME?J%’?.EE RT ADDRESS
BUILT-] BUILT-IN-TEST
. NG START COMMAND
TIMRON ADDRESS ]@ A TEST RESET COMMAND
TIMRONB T'MEOUTI IGENERATOR DMA/CPU
CONTROL RT TIMER
RESET COMMAND
ACTIVITY STATUS/
DMA ARBITRATION L OPERATIONAL MODE
REGISTER CONTROL ADDRESS
PROGRAMMABLE STATUS
DUAL-PORT MEMORY CONTROL
C
16
16

Figure 1. BCRTMP Block Diagram
DATA
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1.0 INTRODUCTION

The monolithic CMOS UT1553 BCRTMP provides the
system designer with an intelligent solution to
MIL-STD-1553 multiplexed serial data bus design
problems. The UT1553 BCRTMP is a single-chip device
that implements two of the three defined MIL-STD-1553
functions - Bus Controller and Remote Terminal - and is
flexible enough to conform to many of the
MIL-STD-1553 “industry standards” created between and
including releases of MIL-STD-1553A and
MIL-STD-1553B. Designed to reduce host CPU
overhead, the BCRTMP’s powerful state machines
automatically execute message transfers, provide
interrupts, and generate status information. The
BCRTMP’s register-based architecture allows it to
conform to the many protocol options regarding status
words, mode codes, use of Broadcast, Message Error,
and RT Response Time as specified in the various “1553
standards.” Multiple registers offer many programmable
functions as well as extensive information for host use. In
the BC mode, the BCRTMP uses a linked-list message
scheme to provide the host with message chaining
capability. The BCRTMP enhances memory use by
supporting variable-size, relocatable data blocks. In the
RT mode, the BCRTMP implements time-tagging and
message history functions. It also supports multiple (up
to 128) message buffering and variable length messages
to any subaddress.

The UT1553 BCRTMP is an intelligent, versatile, and
easy to implement device -- a powerful asset to system
designers.

1.1 Features - Remote Terminal (RT) Mode

Indexing

The BCRTMP is programmable to index or buffer
messages on a subaddress-by-subaddress basis. The
BCRTMBP, which can index as many as 128 messages, can
also assert an interrupt when either the selected number
of messages is reached or every time a specified
subaddress is accessed.

Variable Space Allocation
The BCRTMP can use as little or as much memory (up
to 64K) as needed.

Selectable Data Storage
Address programmability within the BCRTMP provides
flexible data placement and convenient access.

Sequential Data Storage
The BCRTMP stores/retrieves, by subaddress, all
messages in the order in which they are transacted.

Sequential Message Status Information

The BCRTMP provides message validity, time-tag, and
word-count information, and stores it sequentially in a
separate, cross-referenced list.

Illegalizing Mode Codes and Subaddresses
The host can declare mode codes and subaddresses
illegal by setting the appropriate bit(s) in memory.

Programmable Interrupt Selection

The host CPU can select various events to cause an
interrupt with provision for high and standard priority
interrupts.

Interrupt History List

The BCRTMP provides an Interrupt History List that
records, in the order of occurrence, the events that
caused the interrupts. The list length is programmable.

1.2 Features - Bus Controller (BC) Mode

Multiple Message Processing

The BCRTMP autonomously processes any number of
messages or lists of messages that may be stored in a 64K
memory space.

Automatic Intermessage Delay

When programmed by the host, the BCRTMP can delay
a host-specified time before executing the next message
in sequence.

Automatic Polling

When polling, the BCRTMP interrogates the remote
terminals and then compares their status word responses
to the contents of the Polling Compare Register. The
BCRTMP can interrupt the host CPU if an erroneous
remote terminal status word response occurs.

Automatic Retry

The BCRTMP can automatically retry a message on
busy, message error, and/or response time-out
conditions. The BCRTMP can retry up to four times on
the same or on the alternate bus.

Programmable Interrupt Selection

The host CPU can select various events to cause an
interrupt with provision for high and standard priority
interrupts.

Interrupt History List

The BCRTMP provides an Interrupt History List that
records, in the order of occurrence, the events that
caused the interrupts. The list length is programmable.

Variable Space Allocation
The BCRTMP uses as little or as much memory (up to
64K) as needed.

Selectable Data Storage
Address programmability within the BCRTMP provides
flexible data placement and convenient access.

BCRTMP-3



1.3 Features - Multiple Protocol

Since the inception of the loosely defined
MIL-STD-1553A in 1973, various “1553 standards” have
developed, all with their own peculiarities. The UT1553
BCRTMP addresses MIL-STD-1553A, MIL-STD-1553B,
McDonnell Douglas A3818, McDonnell Douglas A5232,
McDonnell Douglas A5690, and Grumman Aerospace
SP-G-151A. While the part was designed with these
“standards” specifically in mind, the BCRTMP’s
flexibility permits conformance to nearly any conceivable
“1553-like standard.” The basic differences among the
various “standards” fall into five categories:

1) Status Word Definition

2) Mode Code Definition

3) Use of Broadcast

4) Message Error Handling

5) Remote Terminal (RT) Response Time

Status Word Definition

The BCRTMP can operate in a mode where the status
word is defined in strict conformance with
MIL-STD-1553B, or it can operate in a more flexible
mode. In this flexible status word mode, the user can
program the individual status word bits using internal
registers.

Mode Code Definition

The designer can place the BCRTMP in an operational
mode so that the device performs in strict conformance
with the mode code definitions for MIL-STD-1553B. The
designer may also opt not to automatically execute mode
codes, providing flexibility in mode code definition and
illegalization.

Use of Broadcast

The BCRTMP has a programmable mode option that
allows the user to determine whether to allow broadcast
commands in a system.

Message Error Handling

Some 1553 protocols (e. g., MIL-STD-1553B) consider
any message error reason to discard the entire message
and suppress status word transmission, while others

(e. g., McDonnell Douglas A3818) define the required
activity according to message error severity. The
BCRTMP can be programmed to conform to either
requirement.

Remote Terminal (RT) Response Time

The BCRTMP offers two methods of legalization (Bus
Legalization and DMA Legalization), which the designer
selects depending on the required RT response time.
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2.0 PiN IDENTIFICATION AND DESCRIPTION

s 2 (0 =Lk
AOQ ++
BIPHASE OUT TBZ 57 K13)) (P7) 26 A2 ++
TBO 56 (M15) (N7) 27 A3 44
51 (N14) {Sg %8 ‘ f:g
RAZ
50 (P14) ADDRESS
BIPHASE IN RS 55 (L14) (R8) 31 Ay LINES +
RBO 54 (N15) R9) 36 A8
(R10) 37 A9
# & iRl =
TERMINAL z:rr,:; 46 (P13) (N10) 40 | A12
ADDRESS** RTA3 47 (R14) (R11) 41 A13
RTA4 48 (N12) (R12) 42 A14
RTPTY 49 (N13) (R13) 43 Ai5
ST 82 (C13) (B10) 91 DO
m'rp 83 B14)+ (Bg 92 D1
Eei s e Sy R e
STATUS TIVRONS 86 (C11) (A9) 95 i
SIGNALS 81 (D13) (B8) 96 D5
GNE 90 (C10) (A8) o7 D6
ssyse —| 128 (G1) (A7) 102 D7 DATA
BCRTF 129 (H2) (A6) 103 D8 LINES ++
e 3 8 B gEEEe
TEST (C6) 106 219
RD 62 (J15) (AS) 107 D12
WR 63 (H14) (A4) 108 D13
T3 61 (Ki5) (A3) 109 D14
AEN 60 (J13) (B4) 110 D15
CONTROL Bcnl:rg,gk ?g 013!)3) o (B4 23
SIGNALS % (o1t e 2 G —
MEMCSO «¢——| 69 (G15) (N§) 20 Mgi SELECT
MEMCSI ——| 64 (H15)** (P4) 19 MD3 e
BRD :: 70 (F15) (P3) 18 MD2 INPUTS
RWR 71 G14) (5:23) :é MD1
BRDCAST 122 (D1) MPo
MC 123 (F3) (P1) 14 MDO6
LEGALIZATION 127 (B (N2) 13 MDO5
LaLcMp ——W| 124 (F2) (L3) 12 MDO4 MODE
SIGNALS tRR €——| 125 (G2) (M2) 11 MDO3 *
pomc —p| 126 (G3) (N1) 10 MDO2 OUTPUTS
(M1) 9 MDO1
LGLO } };_ gg)) (L1) 8 MDOO
LGL1
LGL2 113 (A2) (K14) 58 |@—— mcLk
(E15) 74 = CLOCK
LEGALIZATION Lars 115 (C3) W) 3 le—— EK"®®  siGNALs
*
ous Lats e &y o 152
LGL7 118 (D2) (N9) 34 VDD POWER
LGL8 119 (E3) (G13) 67 VDD
LGL9 120 (C1) (C7) 100 VDD
LGL10 121 (E2)
((ng; ;3 Vss
Vss
DMAR 4——| 72 (F14)+ H13) 66 GROUND
DMA DMAG —2—| 73 E}gi ical & ves
DMAGO AN
7 K2) 6 WRAPEN
76 (C15) (K1) 4 4—— ALTWRAP TEST SIGNALS
FORCED BUSY FBUSY ——P| 79 (C14)
SIGNALS BUSYACK 4——| 80 (815)
*  Pinat high impedance when MRST is low. () Pingrid array pin identification in parentheses.
**  Pin internally pulled up. Flatpack pin numbers not in parentheses.

+  Pin at high impedance when not asserted.
+ + Bidirectional pin.
*** Formerly MEMWIN.

Figure 2. BCRTMP Functional Pin Description
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Legend for TYPE and ACTIVE fields:

TUI = TTL input (pull-up)

AL = Active low

AH = Active high
ZL = Active low - inactive state is high impedance

TI = TTL input

TO = TTL output
TTO = Three-state TTL output
TTB = Bidirectional

Notes:

1. Address and data buses are in the high-impedance state when idle.
2. Flatpack pin numbers are same as LCC.

ADDRESS BUS

NAME PIN NUMBER | TYPE | ACTIVE DESCRIPTION
A0 24 N6 TTB -- Bit 0 (LSB) of the Address bus
Al 25 P6 TTB -- Bit 1 of the Address bus

A2 26 P7 TTB - Bit 2 of the Address bus

A3 27 N7 TTB - Bit 3 of the Address bus

A4 28 Ré6 TTO - Bit 4 of the Address bus

AS 29 R7 TTO - Bit § of the Address bus

A6 30 P8 TTO - Bit 6 of the Address bus

A7 31 R8 TTO -- Bit 7 of the Address bus

A8 36 R9 TTO == Bit 8 of the Address bus

A9 37 R10 TTO - Bit 9 of the Address bus

A10 38 P9 TTO - Bit 10 of the Address bus

Al1l 39 P10 TTO - Bit 11 of the Address bus

Al12 40 N10 TTO -- Bit 12 of the Address bus

A13 41 R11 TTO - Bit 13 of the Address bus

Al4 42 R12 TTO - Bit 14 of the Address bus

AlS 43 R13 TTO - Bit 15 (MSB) of the Address bus
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DATA BUS

PIN NUMBER

NAME F/P PGA TYPE | ACTIVE DESCRIPTION

DO 91 B10 TTB - Bit 0 (LSB) of the Data bus

D1 92 B9 TTB -- Bit 1 of the Data bus

D2 93 c9 TTB - Bit 2 of the Data bus

D3 94 A10 TTB -- Bit 3 of the Data bus

D4 95 A9 TTB - Bit 4 of the Data bus

D5 96 B8 TTB - Bit 5 of the Data bus

D6 97 A8 TTB -- Bit 6 of the Data bus

D7 102 A7 TTB - Bit 7 of the Data bus

D8 103 A6 TTB - Bit 8 of the Data bus

D9 104 B7 TTB - Bit 9 of the Data bus

D10 105 B6 TTB - Bit 10 of the Data bus

D11 106 Cé6 TTB -- Bit 11 of the Data bus

D12 107 AS TTB - Bit 12 of the Data bus

D13 108 A4 TTB - Bit 13 of the Data bus

D14 109 A3 TTB -- Bit 14 of the Data bus

D15 110 B4 TTB - Bit 15 (MSB) of the Data bus

TERMINAL ADDRESS INPUTS
PIN NUMBER

NAME F/P PGA TYPE ACTIVE DESCRIPTION

RTAO 44 P12 TUI - Remote Terminal Address Bit 0 (LSB). The entire
RT address is strobed in at Master Reset. Verify it
by reading the Remote Terminal Address Register.
All the Remote Terminal Address bits are internally]
pulled up.

RTA1 45 N11 TUI -- Remote Terminal Address Bit 1. This is bit 1 of
the Remote Terminal Address.

RTA2 46 P13 TUI -- Remote Terminal Address Bit 2. This is bit 2 of
the Remote Terminal Address.

RTA3 47 R14 TUI - Remote Terminal Address Bit 3. This is bit 3 of
the Remote Terminal Address.

RTA4 48 Ni2 TUI - Remote Terminal Address Bit 4. This is bit 4
(MSB) of the Remote Terminal Address.

RTPTY 49 N13 TUI -- Remote Terminal (Address) Parity. This is an odd
parity input for the Remote Terminal Address.
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CONTROL SIGNALS

NAME

PIN NUMBER

F/P

PGA

TYPE

ACTIVE

DESCRIPTION

RD

62

J15

TI

AL

Read. The host uses this in conjunction with
CS to read an internal BCRTMP register.

WR

63

H14

TI

AL

Write. The host uses this in con, T;unctlon with
CS to write to an internal BCRTMP register.

CS

61

K15

TI

AL

Chip Select. This selects the BCRTMP when
accessing the BCRTMP’s internal register.

AEN

60

J13

TI

AH

Address Enable. The host CPU uses AEN to
indicate to the BCRTMP that the BCRTMP’s address
lines can be asserted; this is a precautionary signal
provided to avoid address bus crash. If not used, it
must be tied high.

BCRTSEL

87

A13

TUI

BC/RT Select. This selects between either the Bus
Controller or Remote Terminal mode. The BC/RT
Mode Select bit in the Control Register overrides
this input if the LOCK pin is not high. This pin

is internally pulled high.

LOCK

15

M3

TUI

AH

Lock. When set, this pin prevents internal changes
to the RT address and BC, mode select functions
as well as the Operation Mode select (MD7-MDO)
functions. This pin is internally pulled high.

EXTOVR

88

Bi1

TUI

AL

External Override. Use this in multi-redundant
applications. Upon receipt, the BCRTMP aborts all
current activity. EXTOVR should be connected
to output of the adjacent BCRTMP when
used. This pin is internally pulled high.

K3

TI

AL

Master Reset. This resets all internal state
machines, encoders, decoders, and registers. The
minimum pulse width for a successful Master Reset
is 500 ns.

MEMCSO

69

G15

TO

AL

Memory Chip Select Out. This is the regenerated
MEMCSI input for external RAM durin, %the
pseudo-dual-port RAM mode. The BCRTMP also
uses it to select external memory during memory
accesses.

MEMCSI

64

H15

TUI

AL

Memory Chip Select In. Used in the pseudo-

dual-port RAM mode only, MEMCSI is received
from the host and is propagated through to

MEMCSO. This pin internally pulled high.

RRD

70

F15

TO

AL

RAM Read. In the pseudo-dual-port RAM mode

the host uses this signal in conjunction with MEMCSO
to read from external RAM through the BCRTMP.

It is also the signal the BCRTMP uses to read
from_memory. It is asserted following receipt

of DMAG. When the BCRTMP performs multiple
reads, this signal is pulsed.

RWR

71

G14

TO

AL

RAM Write. In the pseudo-dual-port RAM mode,
the CPU and BCRTMP use this to write to external
RAM. This signal is asserted following receipt of
DMAG. For multiple writes, this signal is pulsed.
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STATUS SIGNALS

NAME

PIN NUMBER

F/P

PGA

TYPE

ACTIVE

DESCRIPTION

STDINTL

82

C13

ZL

Standard Interrupt Level. This is a level interrupt.
It is asserted when one or more events enabled in
either the Standard Interrupt Enable Register, RT
Descriptor, or BC Command Block occur. Resetting
the Standard Interrupt bit in the High-Priority
Interrupt Status/Reset Register clears the interrupt.

STDINTP

83

B14

TO

AL

Standard Interrupt Pulse. STDINTP pulses when an
interrupt is logged.

HPINT

84

B13

ZL

High-Priority Interrupt. The High-Priority Interrupt
level is asserted upon occurence of events enabled
in the High-Priority Interrupt Enable Register. The
corres ondinﬁ bit(s) in the_High-Priority Interrupt

Status/Reset Register reset HP%NI.

TIMRONA

85

B12

TO

AL

Timer On - Channel A. When low, this pin indi-
cates that the BCRTMP is transmitting data. This
output remains active until the data transmission is
complete or until the internal fail-safe timer times
out (at 660 us), indicating that the transceiver
should be disabled.

TIMRONB

86

C11

TO

AL

Timer On - Channel B. See TIMRONA description.

ACTIVE

81

D13

TO

AH

Activity on 1553 Bus. When high, this pin indi-
cates that the BCRTMP has detected a valid
command to any remote terminal address on the
bus.

COMSTR

90

C10

TO

AL

(RT) Command Strobe. The BCRTMP asserts this
si%:nal after receiving a valid command. The
BCRTMP deactivates it after servicing the command.

SSYSF

128

G1

TI

AH

Subsystem Fail. Upon receipt, this signal
propagates directp' to the RT 1553 status word
the BCRTMP Status Register.

BCRTF

129

H2

TO

AH

BCRT Fail. This indicates a Built-In-Test (BIT)
failure. In the RT mode, the Terminal Flag bit in
1553 status word is also set.

CHA/B

89

Al12

TO

Channel A/B. This indicates the active or last
active channel.

TEST

59

J14

TO

AL

TEST. This pin is used as a factory test pin.
(Formerly MEMWIN.)
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BIPHASE INPUTS

PIN NUMBER
NAME F/P PGA TYPE | ACTIVE DESCRIPTION
. Receive Channel A One. This is the Manchester-

RAO 50 P14 m encoded true signal input from Channel A of the
bus receiver.

RAZ 51 N14 TI -- Receive Channel A Zero. This is the Manchester-
encoded complementary signal input from Channel
A of the bus receiver.

RBO 54 N15 TI - Receive Channel B One. This is the Manchester-
encoded true signal input from Channel B of the
bus receiver.

RBZ 55 L14 TI - Receive Channel B Zero. This is the Manchester-
encoded complementary signal input from Channel
B of the bus receiver.

BIPHASE OUTPUTS
PIN NUMBER

NAME F/P PGA TYPE | ACTIVE DESCRIPTION

TAO 52 M14 TO - Transmit Channel A One. This is the Manchester-
encoded true output to be connected to the Chan-
nel A bus transmitter input. This signal is idle low.

TAZ 53 L13 TO - Transmit Channel A Zero. This is the Manchester-
encoded complementary output to be connected to
the Channel A bus transmitter input. This signal is
idle low.

TBO 56 M15 TO - Transmit Channel B One. This is the Manchester-
encoded true output to be connected to the Chan-
nel B bus transmitter input. This signal is idle low.

TBZ 57 K13 TO - Transmit Channel B Zero. This is the Manchester-
encoded complementary output to be connected
to the Channel B bus transmitter input. This signal
is idle low.
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DMA SIGNALS

NAME

PIN NUMBER

F/P

PGA

TYPE

ACTIVE

DESCRIPTION

DMAR

72

F14

ZL

DMA Request. The BCRTMP issues this signal
when access to RAM is reg]uired. It goes
inactive after receiving a D signal.

DMAG

73

F13

TI

AL

DMA Grant. This input to the BCRTMP allows
the BCRTMP to access RAM. It is recognized 45 ns
before the rising edge of MCLKD2.

DMAGO

78

E13

AL

DMA Grant Out. If DMAG is received but not
needed, it passes through to this output.

DMACK

75

D15

TO

ZL

DMA Acknowledge. The BCRTMP asserts this
signal to confirm receipt of DMAG:; it stays
low until memory access is complete.

BURST

77

D14

TO

AH

Burst (DMA Cycle). This indicates that the current
DMA cycle transfers at least two words; worst case
is five words plus a “dummy” word.

TSCTL

76

C15

TO

AL

Three-State Control. This signal indicates when

the BCRTMP is actually accessing memory. The host
subsystem’s address and data lines must be in the
high-impedance state when the signal is active.

This signal assists in placing the external data and
address buffers into the high-impedance state.
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MODE SELECT INPUTS

NAME

PIN NUMBER

F/P

PGA

TYPE

ACTIVE

DESCRIPTION

MD7

23

R4

TUI

Mode 7. This input selects between two Remote
Terminal Time Out (RTO) options. When this signal
is high, the selected RTO is 16 us. When this signal
is low, the selected RTO is 32 ps.

MDé6

22

PS5

TUI

Mode 6. This input selects whether mode codes
with data are allowed in the selected 1553 protocol.
When this signal is high, the protocol does allow
mode codes with data. When this signal is low, the
protocol does not allow mode codes with data.

MDS

21

R3

TUI

Mode S. This input selects the message error
handling technique. When this signal is high, the
message error handling technique is as defined in
MIL-STD-1553B. When this signal is low, the
message error handling technique is as defined in
MACAIR A3818.

MD4

20

NS

TUI

Mode 4. This input selects between MIL-STD-
1553A and MIL-STD-1553B status word protocol.
When this signal is high, the selected status word
protocol is the “B” option. When this signal is low,
the selected status word protocol is the “A” option.

MD3

19

P4

TUI

Mode 3. This input selects between MIL-STD-
1553A and MIL-STD-1553B mode code protocol.
When this signal is high, the selected mode code
protocol is the “B” option. When this signal is low,
the selected mode code protocol is the “A” option.

MD2

18

P3

TUI

Mode 2. This input selects between MIL-
STD-1553A and MIL-STD-1553B RT Response
Time protocol. When this signal is high, the
selected response time protocol is the “B” option.
When this signal is low, the selected response time
protocol is the “A” option.

MD1

17

P2

TUI

Mode 1. This input selects whether broadcast is
allowed. When this signal is high, broadcast is
allowed. When this signal is low, broadcast is not
allowed. When MD1 is low, RT address 11111

is treated like RT addresses 00000-11110.

MDO

16

N3

TUI

Mode 0. This input selects the legalization method.
When this signal is high, the DMA method of
legalization is used. When this signal is low, the
legalization bus is used.
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MODE OUTPUTS

PIN NUMBER
NAME FIP PGA TYPE | ACTIVE DESCRIPTION
MDO6 14 P1 TTO -- Mode 6 Out. This output signal reflects the internal

state of Mode 6 (MD6).

MDOS 13 N2 TTO -- Mode § Out. This output signal reflects the internal
state of Mode 5 (MD5).

MDO4 12 L3 TTO -- Mode 4 Out. This output signal reflects the internal
state of Mode 4 (MD4).

MDO3 11 M2 TTO - Mode 3 Out. This output signal reflects the internal
state of Mode 3 (MD3).

MDO2 10 N1 TTO - Mode 2 Out. This output signal reflects the internal
state of Mode 2 (MD2).

MDO1 9 M1 TTO -- Mode 1 Out. This output signal reflects the internal
state of Mode 1 (MD1).

MDO0 8 L1 TTO -- Mode 0 Out. This output signal reflects the internal
state of Mode 0 (MDO).

FORCED BUSY SIGNALS

PIN NUMBER
NAME F/P PCGA TYPE | ACTIVE DESCRIPTION
FBUSY 79 C14 TUI AL Forced Busy. This signal places the RT in a mode

where it will automatically respond to a command
with the Busy bit set in the RT status word. No
DMA memory bus accesses are necessary, and the
memory buses remain in the high-impedance state
until the busy mode is exited. If the RT is involved
in a 1553 message transaction, then entry into the
busy state is held off until completion of the last
DMA associated with that message. Upon entry
into _the busy state, the BCRTMP asserts the
BUSYACK signal.

BUSYACK 80 B15 TO AL Busy Acknowledge. This signal indicates that the
BCRTMP has entered the Forced Busy state.
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WRAP-AROUND TEST SIGNALS

PIN NUMBER

NAME F/P PGA TYPE | ACTIVE DESCRIPTION

WRAPEN 6 K2 TUI AL Wrap-Around Enable. When this signal is low, the
continuous wrap-around feature is enabled.

WRAPF S J2 TO AH Wrap Fail. When high, this pin indicates that the
continuous wrap-around circuitry has detected
a failure.

ALTWRAP 4 K1 TUI AL Alternate Wrap-Around. This signal, when used in
conjunction with WRAPEN, places the BCRTMP in
a special system diagnostic mode, where the two
1553 buses are connected by a stub, and com-
mands transmitted over one bus are received
through the continuous wrap circuitry on the other
bus. This permits off-line testing of both channels
and the associated 1553 interface components.

LEGALIZATION BUS
PIN NUMBER

NAME F/P PGA TYPE | ACTIVE DESCRIPTION

LGL10 121 E2 TTO -- Legalization bus bit 10. The Legalization bus bits
0-10 reflect bit times 19-9 of the current command
(i.e., LGL10 = Current Command bit time 9 and
LGLO = Current Command bit time 19. This bus is
used to determine whether or not the command is
legal. This bus can also be used to selectively deter-
mine if auto-execution of a particular mode code is
allowed.

LGL9 120 C1 TTO -- Legalization bus bit 9.

LGL8 119 E3 TTO -- Legalization bus bit 8.

LGL7 118 D2 TTO -- Legalization bus bit 7.

LGL6 117 C2 TTO -- Legalization bus bit 6.

LGLS 116 B2 TTO - Legalization bus bit 5.

LGL4 115 C3 TTO - Legalization bus bit 4. When the MACAIR A3818
method of error logging is selected, Legalization bus
bits 4-0 reflect the word count for the defective
data word.

LGL3 114 C4 TTO -~ Legalization bus bit 3.

LGL2 113 A2 TTO -- Legalization bus bit 2.

LGL1 112 B3 TTO - Legalization bus bit 1.

LGLO 111 Cs TTO - Legalization bus bit 0.
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LEGALIZATION SIGNALS

PIN NUMBER
NAME F/P PGA TYPE | ACTIVE DESCRIPTION
BRDCAST 122 D1 TTO AH Broadcast. When high, this pin indicates that the

current command is a broadcast command.

MC 123 F3 TTO AH Mode Code. When high, this pin indicates that the
current command is a mode command.

LGLEN 127 F1 TTO AL Legalization Bus Enable. When low, this pin enables
the user-supplied legalization logic (if the Legaliza-
tion bus is used).

LGLCMD 124 F2 TUI AH Legal Command. A high on this input signal
indicates to the BCRTMP that the current
command is legal.

ERR 125 G2 TO AL Error. When low, this pin indicates that a data
word parity error or a Manchester error occurred in
the current command. When this signal is asserted,
the Legalization bus bits 4-0 contain the word count
for the defective data word.

DOMC 126 G3 TUI AH Do Mode Code. When high, this signal enables the
automatic execution of mode codes. When low, this
signal disables auto-execution.

CLOCK SIGNALS

PIN NUMBER
NAME F/P PGA TYPE | ACTIVE DESCRIPTION
CLK 3 J1 TI -- Clock. The 12 MHz input clock requires a 50%

+/-10% duty cycle with an accuracy of +/-0.01%.
The accuracy is required in order to meet the
Manchester encoding/decoding requirements of
MIL-STD-1553.

MCLK 58 K14 TI -- Memory Clock. This is the input clock frequency
the BCRTMP uses for memory accesses. The
memory cycle time is equal to two MCLK cycles.
Therefore, RAM access time is dependent upon
the chosen MCLK frequency (6 MHz minimum,
12 MHz maximum). Please see the BCRTMP
DMA timing diagrams in this data sheet.

MCLKD2 74 E15 TO - Memory Clock Divided by Two. This signal is the
Memory Clock input divided by two. It assists the
host subsystem in synchronizing DMA events.
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POWER AND GROUND

NAME ;’/111," NUN{,BGE:* TYPE | ACTIVE DESCRIPTION
Vbb 132 H3 PWR - +SV

Vbp 34 N9 PWR - +5V

Vbb 67 | Gi3 PWR - +5V

Vbb 100 c7 PWR - +5V

Vss 1 J3 GND - Ground

Vss 33 N8 GND - Ground

Vss 66 H13 GND - Ground

Vss 99 cs GND - Ground
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3.0 INTERNAL REGISTERS low unless stated otherwise. Functions and parameters

are used in both RT and BC modes except where

The BCRTMP’s internal registers (see table 1 on pages indicated. Registers are addressed by the binary
23-24) enable the CPU to control the actions of the equivalent of their decimal number. For example,
BCRTMP while maintaining low DMA overhead by the Register 1 is addressed as 0001B. Register usage is

BCRTMP. All functions are active high and ignored when defined as follows:

#0 Control Register

Bit
Number
BITS 15-13

BIT 12

BIT 11
BIT 10

BIT9

BIT 8

BIT 7

BITs 6-5

BIT 4

BIT 3
BIT 2

BIT 1

BITO

Description

Reserved.

(BC,RT) MD7 (Mode 7). Remote Terminal Time-Out Option Select. When high, this bit selects a
Remote Terminal Time-Out that is nominally 32 us. When low, this bit selects a Remote Terminal
Time-Out that is nominally 16 us.

Enable External Override. For use in multi-redundant systems. This bit enables the EXTOVR pin.

BC/RT Select. This function selects between the Bus Controller and Remote Terminal operation
modes. It overrides the external BCRTSEL input setting if the Change Lock-Out function

is not used. A reset operation must be performed when changing between BC and RT modes.
This bit is write-only.

(BC) Retry on Alternate Bus. This bit enables an automatic retry to operate on alternate buses.
For example, if on bus A, with two automatic retries programmed, the automatic retries occur on
bus B.

(RT) Channel B Enable. When set, this bit enables Channel B operation.
(BC) No significance.

(RT) Channel A Enable. When set, this bit enables Channel A operation.
(BC) Channel Select A/B. When set, this bit selects Channel A.

(BC) Retry Count. These bits program the number (1-4) of retries to attempt. (00 = 1 retry,
11 = 4 retries)

(BC) Retry on Bus Controller Message Error. This bit enables automatic retries on an error the
bus controller detects (see the Bus Controller Architecture section, page 35).

(BC) Retry on Time-Out. This bit enables an automatic retry on a response time-Out condition.

(BC) Retry on Message Error. This bit enables an automatic retry when the Message Error bit is
set in the RT’s status word response.

(BC) Retry on Busy. This bit enables automatic retry on a received Busy bit in an RT status word
response.

Start Enable. In the BC mode, this bit starts/restarts Command Block execution. In the RT mode,
it enables the BCRTMP to receive a valid command. RT operation does not start until a valid
command is received. When using this function:

®  Restart the BCRTMP after each Master Reset or programmed reset.
e This bit is not readable; verify operation by reading bit 0 of the BCRTMP’s Status Register.
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#1 Status Register (Read Only)
These bits indicate the BCRTMP’s current status.

Bit Description

Number

BIT 15 TEST. This bit reflects the inverse of the TEST output. It changes state simultaneously with the
TEST output.

BIT 14 (RT) Remote Terminal Active. Indicates that the BCRTMP, in the Remote Terminal mode, is
presently servicing a command. This bit reflects the inverse of the COMSTR pin.

BIT 13 (RT) Dynamic Bus Control Acceptance. This bit reflects the state of the Dynamic Bus Control
Acceptance bit in the RT status word (see Register 10 on page 20).

BIT 12 (RT) Terminal Flag bit is set in RT status word. See also section 8.2.8.10.

BIT 11 (RT) Service Request bit is set in RT status word. See also section 8.2.8.4.

BIT 10 (RT) Busy bit is set in RT status word. See also section 8.2.8.7.

BIT 9 BIT is in progress.

BIT 8 Reset is in progress. This bit indicates that either a write to Register 12 has just occurred or the

BCRTMP has just received a Reset Remote Terminal (#01000) Mode Code. This bit remains set
less than one microsecond.

BIT 7 BC/(RT) Mode. Indicates the current mode of operation. A reset operation must be performed
when changing between BC and RT modes.

BIT 6 Channel A/B. Indicates either the channel presently in use or the last channel used.

BIT § Subsystem Fail Indicator. Indicates receiving a subsystem fail signal from the host subsystem on
the SSYSF input.

BITS 4-1 Reserved.

BITO (BC) Command Block Execution is in progress. (RT) Remote Terminal is in operation. This bit

reflects bit 0 of Register 0.

#2 Current Command Block Register (BC)/Remote Terminal Descriptor Space Address Register (RT)
(BC) This register contains the address of the head pointer of the Command Block being executed. Accessing a new
Command Block updates it.

(RT) The host CPU initializes this register to indicate the starting location of the RT Descriptor Space. The host must
allocate 320 sequential locations following this starting address. For proper operation, this location must start on an I x
512 decimal address boundary, where I is an integer multiple.

#3 Polling Compare Register

In the polling mode, the CPU sets the Polling Compare Register to indicate the RT response word on which the
BCRTMP should interrupt. This register is 11 bits wide, corresponding to bit times 9 through 19 of the RT’s 1553 status
Wé;))rd response. The sync, Remote Terminal Address, and parity bits are not included (see the section on Polling, page
38).

#4 BIT (Built-In-Test) Word Register

The BCRTMP uses the contents of this register when it responds to the Transmit BIT Word Mode Code (#10011). In
addition, the BCRTMP wrrites to the two most significant bits of the BIT Word Register in response to either an Initiate
Self-Test Mode Code (RT mode) or a write to Register 11 (BIT Start Command) to indicate a BIT failure. If the BIT
Word needs to be modified, it can be read out, modified, then rewritten to this register. Note that if the processor writes
a “1” to either bit 14 or 15 of this register, it effectively induces a BIT failure. Also note that during normal RT
operation, bits 10 through 13 of this register indicate specific types of message errors, as shown below.

Bit Description

Number

BIT 15 Channel B failure.

BIT 14 Channel A failure.

BIT 13 Word Count Error.

BIT 12 Parity Error.

BIT 11 Manchester Error.

BIT 10 Remote Terminal Time-Out.

BITs 9-0 BIT Word. The least significant ten bits of the BIT Word are user programmable.
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#5 Current Command Register (Read Only)

In the RT, this register contains the command currently being processed. When not processing a command, the
BCRTMP stores the last command/status word transmitted on the 1553 bus in this register. This register is updated only
when bit 0 of Register 0 is set. In the BC mode, this register contains the most current command sent out on the 1553
bus.

#6 Interrupt Log List Pointer Register
Initialized by the CPU, the Interrupt Log List Pointer Register indicates the start of the Interrupt Log List. After each
list entry, the BCRTMP updates this register with the address of the next entry in the list. (See page 45-46.)

#7 High-Priority Interrupt Enable Register (Read/Write)

Setting the bits in this register causes a High-Priority Interrupt when the enabled event occurs. If enabled in Register 14,
setting these bits also determines which events trigger the Stop Enable feature. To service the High-Priority Interrupt,
the user reads Register 8 to determine the cause of the interrupt, then writes to Register 8 to clear the appropriate bits.
The BCRTMP also provides a Standard Priority Interrupt Scheme that does not require host intervention. If
High-Priority Interrupt service is not possible in a given application, it is advisable to use the Standard Priority features.

Bit Description

Number

BITs 15-9 Reserved.

BIT 8 Data Overrun Enable. When set, this bit enables an interrupt when DMAG was not received by
the BCRTMP within the allotted time needed for a successful data transfer to memory.

BIT 7 (BC) Illogical Command Error Enable. This bit enables a High-Priority Interrupt to be asserted
upon the occurrence of an Illogical Command. Illogical commands include incorrectly formatted
RT-RT Command Blocks.

BIT 6 (RT) Dynamic Bus Control Mode Code Interrupt Enable. When set, an interrupt is asserted when

the Dynamic Bus Control Mode Code is received, provided the T/R bit is “1,” the command is
legal, and DOMC is active.

BIT S Subsystem Fail Enable. When set, a High-Priority Interrupt is asserted after receiving a Subsystem
Fail (SSYSF) input pin.

BIT 4 End of BIT Enable. This bit indicates the end of the internal BIT routine.

BIT 3 BIT Word Fail Enable. This bit enables an interrupt indicating that the BCRTMP detected a BIT
failure.

BIT 2 (BC) End of Command Block List Enable (see Command Block Control Word, page 37.) This

interrupt can be superseded by other high-priority interrupts.

BIT 1 Message Error Enable. If enabled, a High-Priority Interrupt is asserted at the occurrence of a
message error. If a High-Priority Interrupt condition occurs, as the result of an enabled message
error, the device will halt operation until the user clears the interrupt by writing a “1” to bit 1 of
the High-Priority Interrupt Status/Reset Register (Reg. #8). If this interrupt is not cleared, the
BCRTMP remains in the HALTED state (appearing to be “locked-up”), even if it receives a valid
message. This High-Priority Interrupt scheme is necessary in order to maintain the BCRTMP’s
state of operation so that the host CPU has this information available at the time of interrupt
service.

BIT 0 Standard Interrupt Enable. Setting this bit enables the STDINTL pin, but does not cause a
high-priority interrupt. If the user wants the Stop Enable feature activated for Standard Interrupts,
this bit must be set. If low, only the STDINTL pin is asserted when a Standard Interrupt
occurs.

#8 High-Priority Interrupt Status/Reset Register

When a High-Priority Interrupt is asserted, this register indicates the event that caused it. To clear the interrupt signal
and reset the bit, write a “1” to the appropriate bit. See the corresponding bit definitions of Register 7, High-Priority
Interrupt Enable Register.

Bit Description

Number

BITs 15-9 Reserved.

BIT 8 Data Overrun.

BIT 7 Illogical Command.

BIT 6 Dynamic Bus Control Accepted.
BIT 5 Subsystem Fail.
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BIT 4 End of BIT.

BIT 3 BIT Word Fail.

BIT 2 End of Command Block.

BIT 1 Message Error.

BIT O Standard Interrupt. The BCRTMP sets this bit when any Standard Interrupt occurs, providing

bit 0 of Register 7 is enabled.

#9 Standard Interrupt Enable Register
This register enables Standard Interrupt logging for any of the following enabled events (Standard Interrupt logging can
also occur for events enabled in the BC Command Block or RT Subaddress/Mode Code Descriptor):

Bit Description

Number

BITs 15-6 Reserved.

BIT S (RT) Illegal Broadcast Command. When set, this bit enables an interrupt indicating that an Illegal
Broadcast Command has been received.

BIT 4 (RT) Illegal Command. When set, this bit enables an interrupt indicating that an illegal command

has been received.

BIT 3 (BC) Polling Comparison Match. This enables an interrupt indicating that a polling event has
occurred. The user must also set bit 12 in the BC Command Block Control Word for this
interrupt to occur.

BIT 2 (BC) Retry Fail. This bit enables an interrupt indicating that all the programmed number of retries
have failed.

BIT 1 (BC,RT) Message Error Event. This bit enables a standard interrupt for message errors.

BIT 0 (BC) Command Block Interrupt and Continue. This bit enables an interrupt indicating that a

Command Block, with the Interrupt and Continue Function enabled, has been executed.

#10 Remote Terminal Address Register

This register sets the Remote Terminal Address via software. The Change Lock-Out Enable feature, when set, prevents
the Remote Terminal Address or the BCRTMP Mode Selection from changing. Note that MD4 also controls the effect
of BITS 9-15 on status word generation. See section 8.2.8.

Bit Description

Number

BIT 15 (RT) Instrumentation. Setting this bit sets the RT status word Instrumentation bit.

BIT 14 (RT) Busy. Setting this bit sets the RT status word Busy bit. It does not inhibit data transfers to
the subsystem.

BIT 13 (RT) Subsystem Fail. Setting this bit sets the RT status word Subsystem Flag bit. In the RT
mode, the Subsystem Fail is also logged into the Message Status Word.

BIT 12 (RT) Dynamic Bus Control Acceptance. Setting this bit sets the RT status word Dynamic Bus

Control Acceptance bit when the BCRTMP receives the Dynamic Bus Control Mode Code from
the currently active Bus Controller. Host intervention is required for the BCRTMP to take over as
the active Bus Controller.

BIT 11 (RT) Terminal Flag. Setting this bit sets the RT status word Terminal Flag bit; the Terminal Flag
bit in the RT status word is also internally set if the BIT fails.

BIT 10 (RT) Service Request. Setting this bit sets the RT status word Service Request bit.

BIT 9 (RT) Busy Mode Enable. Setting this bit sets the RT status word Busy bit and inhibits all data
transfers to the subsystem. (See Forced Busy Mode, section 8.2.4.)

BIT 8 BC/RT Mode Select. This bit’s state reflects the external pin BCRTSEL. It does not necessarily

reflect the state of the chip, since the BC/RT Mode Select is software-programmable via bit 10 of
Register 0. This bit is read-only.

BIT 7 Change Lock-Out. This bit’s state reflects the external pin LOCK. When set, this bit indicates that
changes to the RT address or the BC/RT Mode Select are not allowed using internal registers.
This bit is read-only.

BIT 6 Remote Terminal Address Parity Error. This bit indicates a Remote Terminal Address Parity
error. It appears after the Remote Terminal Address is latched if a parity error exists.
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BIT 5 Remote Terminal Address Parity. This is an odd parity input bit used with the Remote Terminal
Address. It ensures accurate recognition of the Remote Terminal Address.

BITs 4-0 Remote Terminal Address (Bit 0 is the LSB). This reflects the RTA4-0 inputs at Master Reset.
Modify the Remote Terminal Address by writing to these bits.

#11 BIT Start Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location initiates the internal BIT routine, which lasts

100 ps. Verify using the BIT-in-Progress bit in the Status Register. If the BCRTMP is online (Bit 0 of Register 1 is high),
a programmed reset (write to Register 12) must precede a write to this register to initiate the internal BIT.

The BCRTMP’s self-test performs an internal wrap-around test between its Manchester encoder and its two Manchester
decoders. If the BCRTMP detects a failure on either the primary or the secondary channel, it flags this failure by setting
bit 14 of Register 4 (BIT Word Register) for Channel A and/or bit 15 for Channel B. When in the Remote Terminal
mode, while the BCRTMP is performing its self-test, it ignores any commands on the 1553 bus until it has completed
the self-test.

#12 Programmed Reset Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location initiates a reset sequence of the encoder/decoder

and protocol sections of the BCRTMP which lasts less than 1 microsecond. This is identical to the reset used for the

Reset Remote Terminal Mode Code except that command processing halts. For a total reset (i.e., including registers),

see the MRST signal description. 3

#13 RT Timer Reset Register (Write Only)

Any write (i.e., data = don’t care) to this register’s address location resets the RT Time Tag timer to zero. The
BCRTMP’s Remote Terminal Timer time-tags message transactions. The time tag is generated from a free-running
eight-bit timer of 64 microseconds resolution. This timer can be reset to zero simply by writing to Register 13. When the
timer is reset, it immediately starts running.

#14 Activity Status/Operational Mode Register
BITs 15-14 Reserved.

BIT 13 Ignore T/R bit in Mode Command. When high, this bit causes the BCRTMP to ignore the value
of the T/R bit in 1553 Mode Commands 0-15 (mode codes without data) and prevents automatic
execution of modes 18-19. This feature is used in conjunction with Operational Mode 6 (input
pin MD6).

BIT 12 Stop Enable. When the BCRTMP is in the RT mode, this bit enables a feature that places the
BCRTMP into the Forced Busy Mode when an interrupt (either Standard or High-Priority)
occurs. When the BCRTMP enters the Forced Busy Mode, the device responds with the Busy bit
set in the 1553 status word any time a valid 1553 command is received. When the interrupt is
cleared, the BCRTMP exits the Forced Busy Mode.

For BC operation, setting the Stop Enable bit causes the BCRTMP to halt Command Block
execution when an enabled interrupt (either Standard or High-Priority) occurs. Command Block
execution resumes when the user clears the interrupt by writing a “1” to the appropriate bit in

Register 8.
BIT 11 Bus B Active. This bit goes high when the BCRTMEP, acting as a Remote Terminal, receives a
valid 1553 command on the secondary bus.
BIT 10 Bus A Active. This bit goes high when the BCRTMBP, acting as a Remote Terminal, receives a
valid 1553 command on the primary bus.
BIT 9 WRAPF Wrap-Around Test Fail. This bit reflects the state of the WRAPF output signal.
BIT 8 ALTWRAP Alternate Channel Wrap-Around Test Enable. After Master Reset, this bit reflects the

complement of the state of the ALTWRAP input signal. This bit can be software-modified if the
LOCK pin is low. Thus, to enable the ALTWRAP feature, write a one to this bit location.

BIT 7 WRAPEN Wrap-Around Test Enable. After Master Reset, this bit reflects the complement of the
state of the WRAPEN input signal. This bit can be software-modified if the LOCK pin is low.
Thus, to enable the WRAPEN feature, write a one to this bit location.

BIT 6 MD6 Operational Mode 6. After Master Reset, this bit reflects the state of the corresponding
input pin (MD6). See section 8.1.7 for a summary of Operational Mode 6. This bit can be
software-modified if the LOCK pin is low.

BIT 5 MDS Operational Mode 5. After Master Reset, this bit reflects the state of the corresponding
input pin (MDS5). See section 8.1.6 for a summary of Operational Mode 5. This bit can
be software-modified if the LOCK pin is low.
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BIT 4 MD4 Operational Mode 4. After Master Reset, this bit reflects the state of the corresponding
input pin (MD4). See section 8.1.5 for a summary of Operational Mode 4. This bit can
be software-modified if the LOCK pin is low.

BIT 3 MD3 Operational Mode 3. After Master Reset, this bit reflects the state of the corresponding
input pin (MD3). See section 8.1.4 for a summary of Operational Mode 3. This bit can
be software-modified if the LOCK pin is low.

BIT 2 MD2 Operational Mode 2. After Master Reset, this bit reflects the state of the corresponding
input pin (MD2). See section 8.1.3 for a summary of Operational Mode 2. This bit can
be software-modified if the LOCK pin is low.

BIT 1 MD1 Operational Mode 1. After Master Reset, this bit reflects the state of the corresponding
input pin (MD1). See section 8.1.2 for a summary of Operational Mode . This bit can
be software-modified if the LOCK pin is low.

BIT 0 MDOQ Operational Mode 0. After Master Reset, this bit reflects the state of the corresponding
input pin (MDO). See section 8.1.1 for a summary of Operational Mode 0. This bit can
be software-modified if the LOCK pin is low.

#15 Programmable Status/Last Status Word Register (RT)

This register provides control of and access to the RT Status Word. Bits 15-12 (read/write) allow for special operations
on some or all of the Status Word bits. Writing to bit 11 places the BCRTMP into the Forced Busy mode. Reading this
bit will verify that the BCRTMP has entered the Forced Busy mode (see section 8.2.4). Writing to the remaining bits
(bits 10-0) of this register allows control of the RT Status Word (see section 8.2.8). When reading from this register, bits
10-0 indicate the last Status Word sent by the BCRTMP.

BIT 15 Immediate Clear Mode Enable. When set, this bit will cause the BCRTMP to automatically clear
all programmable status bits (bits 10-0 of this register and bits 15-9 of Register 10) after the
BCRTMP transmits the RT Status Word. When this bit is set, the first Status Word sent out
contains the Status Word created from the programmable status bits in this register, Register 10,
and from internally generated conditions (see section 8.2.8). After Status Word transmission, the
BCRTMP clears bits 10-0 of this register and bits 15-9 of Register 10. There is one exception to
this automatic status bit clearing. When the next command received is the Transmit
Status Word or Transmit Last Command mode code, the BCRTMP will respond with the
appropriate Status Word from the previous valid command. This feature applies to all operational
modes. Note that inhibition of the Terminal Flag bit (receipt of Mode Code 6) is also cleared by
this bit.

BIT 14 Automatic Terminal Flag Bit Enable, Option 1. When set, this bit will cause the Terminal Flag to

be automatically set when any of the Status Word field bits are set (Status Word bit
times 9 through 18).

BIT 13 Automatic Terminal Flag Bit Enable, Option 2. When set, this bit will cause the Terminal Flag to
be automatically set when the Busy or Subsystem Flag Status Word bits are set. If both bits 14
and 13 of this register are set, neither option is selected, and the Busy bit will not be set by the
Forced Busy mode. These automatic Terminal Flag bit options apply for all operational modes.

BIT 12 Automatic Data Ready. This bit, when set, causes the BCRTMP to place the complement of the
Busy Bit in the Data Ready Bit (bit 8). Therefore, when the BCRTMP transmits the Status Word,
bit 8 = NOT bit 3.

BIT 11 Forced Busy.

BIT 10 ME Message Error (Bit Time 9)/Last Status Word Message Error Bit.
BIT 9 PSBT10 Programmable Status Bit Time 10/Last Status Word Bit Time 10.
BIT 8 PSBT11 Programmable Status Bit Time 11/Last Status Word Bit Time 11.
BIT 7 PSBT12 Programmable Status Bit Time 12/Last Status Word Bit Time 12.
BIT 6 PSBT13 Programmable Status Bit Time 13/Last Status Word Bit Time 13.
BIT S PSBT14 Programmable Status Bit Time 14/Last Status Word Bit Time 14.
BIT 4 PSBT1S Programmable Status Bit Time 15/Last Status Word Bit Time 15.
BIT 3 PSBT16 Programmable Status Bit Time 16/Last Status Word Bit Time 16.
BIT 2 PSBT17 Programmable Status Bit Time 17/Last Status Word Bit Time 17.
BIT 1 PSBT18 Programmable Status Bit Time 18/Last Status Word Bit Time 18.
BIT O TF Terminal Flag (Bit Time 19)/Last Status Word Terminal Flag Bit.
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#0 BC/RT CONTROL REGISTER

15 14 13 12 1 10 9 8
[ unusep | unusep | unusep | mTo | Extovh | Be/RT | RTYALTB [ BUSBEN |
7 6 5 4 3 2 1 0
CHNSEL RTYCNT ]RTYBCMEI RTYTO | RTYME | RTYBSY ] STEN 1
#1  BC/RT STATUS REGISTER
15 14 13 12 11 10 9 8
| test | mract [ ovnsus JRTFiac | smra | Busy | BT | meseT |

7 6 5 4 3 2 1
[ Berrr [ Busas | ssraiL | unusep | unusep | unusep | unusep | cmskea |

#2 (BC) CURRENT COMMAND BLOCK REGISTER
(RT) REMOTE TERMINAL DESCRIPTOR SPACE ADDRESS REGISTER

15 14 13 12 1 10 9 8
[as T aa ] a3 | a2 | A | a0 | A | a8 ]
7 6 5 4 3 2 1 0
[ an T as T as T A | a3 | a2 | At | a0 |
#3  POLLING COMPARE REGISTER
15 14 13 12 11 10 9 8
[ x T x T x T x T x ] mscerr | swerio | swaTit |
7 6 5 4 3 2 1 0
[ swaTi2 | swaria | swer14 | swaris | swarie | swetiz [ swetis | TF ]
#4  BIT WORD REGISTER
15 14 13 12 11 10 9 8
[ cheraiL | cHAFAIL | wcerr | ParerR | ManErRr| mRTTO | pe | b8 |
7 6 5 4 3 2 1 0
{ o7 ] o6 [ os | oa | b3 [ o2 J ot | bo ]
#5  CURRENT COMMAND REGISTER
15 14 13 12 11 10 9 8
| pis [ pia | b3 | otz | b1t [ pbio | pbe | b |
7 6 5 4 3 2 1 0
[ o7 | o6 [ ops [ oa [ b3 | o2 [ ot [ o ]
#6  INTERRUPT LOG LIST POINTER REGISTER
15 14 13 12 11 10 9 8
L ats [ ae T a3 | a2z | At ] a0 T ae | a8 ]
7 6 5 4 3 2 1 )
[ a7 ] a6 | a5 T aa T a8 T a2 T at | a ]
#7  BCRTMP HIGH-PRIORITY INTERRUPT ENABLE REGISTER
15 14 13 12 1 10 9 8
{_unusep | uNuseD [ UNUSED | UNUSED | UNUSED | UNUSED | UNUSED | DATOVR |
7 6 5 4 3 2 1 )
[ ttemp [ pynsus | ssrail | enosim [BitFAL | EoL [ MsGeRR | STOINT |

Table 1. BCRTMP Registers (continued)
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#8

#10

#11

#12

#13

#14

#15

BCRTMP HIGH-PRIORITY INTERRUPT STATUS/RESET REGISTER

15 14 13 12 11 10 9 8

[ unusep | unusep [ unusep | unusep | unusep | unusep | unusep | pATovr |
7 6 5 4 3 2 1 0

[emp [ ovnsus | ssFai. [ Enoeir [eirFaiL | EoL | MSGERR | STDINT |

STANDARD INTERRUPT ENABLE REGISTER
15 14 13. 12 11 10 9 8

[ unusep | unusep | unusep [ unusep | unusep | unusep | unusep | unuseb |
7 6 5 4 3 2 1 0
[ unusep | unusep | itBemp | itemp  JPoLMTCH [RTYFAIL | MSGERR | cMDBLK |

REMOTE TERMINAL ADDRESS REGISTER

15 14 13 12 11 10 9 8
[ nsTR | Busy2 [ssFriac| bpec [ RTFac | sra [ Busyt [ Be/RT |
7 6 5 4 3 2 1 0
| Lock | PARERR | RTAPAR | RTA4 | RTA3 | RTA2 | RTA1 | RTAOD |
BUILT-IN-TEST START REGISTER
15 14 13 12 11 10 9 8
Cx T x T x [ x [ x [ x T x ] x ]
7 6 5 4 3 2 1 0
L x | x [ x [ x | x | x | x | x |
PROGRAMMED RESET REGISTER
15 14 13 12 11 10 9 8
L x | x [ x | x [ x ] 1 x [ x 1]
7 6 5 4 3 2 1 0
L x | x [ x | x | x [ x [ x [ x ]
REMOTE TERMINAL TIMER RESET REGISTER
15 14 13 12 11 10 9 8
L x [ x [ x [ x [T x [T x [ x [ x ]
7 6 5 4 3 2 1 0
L x [ x [ x [ x [ x [ x [ x [ x ]
ACTIVITY STATUS/OPERATIONAL MODE REGISTER
15 14 13 12 11 10 9 8
[ unuseD [ unuseD [iGNORTR | STPEN | BACT | AACT | WRAPF | ALTWRAP |
7 6 5 4 3 2 1 0
[ wrpEN | mDs | mDs | mpa | MD3 | mp2 | MDDl | wmpo |
PROGRAMMABLE STATUS REGISTER
15 14 13 12 11 10 9 8
[mvMcLr [TFopTt [TFoPT2 [ Pse=NB [ FBusy | MeE [ PsBTi0 | PSBT11 |
7 6 5 4 3 2 1 0

[ PsBT12 [ PsBT13 | PsBT14 | PsBT15 | PSBT16 | PsBT17 | PsBT18 | TF |

X= DON'T CARE

Table 1. BCRTMP Registers (continued from page 23)
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4.0 SYSTEM OVERVIEW

The BCRTMP can be configured for a variety of
processor and memory environments. The host processor
and the BCRTMP communicate via a flexible,
programmable interrupt structure, internal registers, and
a user-definable shared memory area. The shared
memory area (up to 64K) is completely
user-programmable and communicates BCRTMP control
information -- message data, and status/error
information.

Built-in memory management functions designed
specifically for MIL-STD-1553 applications aid processor
off-loading. The host needs only to establish the
parameters within memory so the BCRTMP can access
this information as required. For example, in the RT
mode, the BCRTMP can store data associated with
individual subaddresses anywhere within its 64K address
space. The BCRTMP then can automatically buffer up to
128 incoming messages of the same subaddress, thus
preventing the previous messages from being overwritten
by subsequent messages. This buffering also extends the
intervals required by the host processor to service the
data. Selecting an appropriate MCLK frequency to meet
system memory access time requirements controls the
memory access rate. The completion of a user-defined
task or the occurrence of a user-selected event is
indicated by using the extensive set of interrupts
provided.

In the BC mode, the BCRTMP can process multiple
messages, assist in scheduling message lists, and provide
host-programmable functions such as auto retry. The
BCRTMP is incorporated in systems with a variety of
interrupt latencies by using the Interrupt History List
feature (see Exception Handling and Interrupt Logging,
page 45). The Interrupt History List sequentially stores

RAM
CPU MEMORY
CONTROL SIGNALS
_____ BCRTMP
BRD| . _....]
RWR ]
MEMCSO| . _ .. MEMCSI

Figure 3a. Pseudo-Dual-Port RAM
Control Signals

the events that caused the interrupt in memory without
losing information if a host processor does not respond
immediately to an interrupt.

5.0 SYSTEM INTERFACE

5.1 DMA Transfers

The BCRTMP initiates DMA transfers whenever it
executes command blocks (BC mode) or services
commands (RT mode). DMAR initiates the transfer and
is terminated by the inactive edge of DMACK. The
Address Enable (AEN) input enables the BCRTMP to
output an address onto the Address bus.

The BCRTMP requests transfer cycles by asserting the
DMAR output, and initiates them when a DMAG input
is received. A DMACK output indicates that the
BCRTMP has control of the Data and Address buses.
The TSCTL output is asserted when the BCRTMP is
actually asserting the Address and Data buses.

To support using multiple bus masters in a system, the
BCRTMP outputs the DMAGO signal that results from
the DMAG signal passing through the chip when a
BCRTMP bus request was not generated (DMAR
inactive). You can use DMAGO in daisy-chained
multimaster systems.

5.2 Hardware Interface

The BCRTMP provides a simple subsystem interface and
facilitates DMA arbitration. The user can configure the
BCRTMP to operate in a variety of memory-processor
environments including pseudo-dual-port RAM and
standard DMA configurations.

For complete circuit description, such as arbitration logic
and I/O, please refer to the appropriate application note.

5.3 CPU Interconnection

Pseudo-Dual-Port RAM Configuration

The BCRTMP’s Address and Data buses connect directly
to RAM, with buffers isolating the BCRTMP’s buses
from those of the host CPU (figures 3a and 3b). The
CPU’s memory control signals (RD, WR, and MEMCSI)
pass through the BCRTMP and connect to memory as
RRD, RWR, and MEMCSO.

Standard DMA Configuration

The BCRTMP’s and CPU’s data, address, and control
signals are connected to each other as shown in figures
3c and 3d. The RWR, RRD, and MEMCSO are activated
after DMAG is asserted.

In either case, the BCRTMP’s Address and Data buses
remain in a high-impedance state unless the CS and RD
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signals are active, indicating a host register access; or
TSCTL is asserted, indicating a memory access by the
BCRTMP. CPU attempts to access BCRTMP registers
are ignored during BCRTMP memory access. Inhibit
DMA transfers by using the Busy function in the Remote
Terminal Address Register while operating in the
Remote Terminal mode.

16 DATA

The designer can use TSCTL to indicate when the
BCRTMP is accessing memory. AEN is also available
(use is optional), giving the CPU control over the
BCRTMP’s Address bus. A DMA Burst (BURST) signal
indicates multiple DMA accesses.

BUFFERS

RAM 16 ADDRESS

I l—D“ >l  HosT
CPU

0

T

CONTROL BCRTMP CONTROL/ARBITRATION
(DUAL REDUNDANT
T T TRANSMITTER
DUAL TIMEOUT
TRANSCEIVER

1553 BUS

Figure 3b. CPU/BCRTMP Interface -- Pseudo-Dual-Port RAM Configuration

. ] l
ADDRESS BUS - DMAR DMAG DMACK
cPU BCRTMP
4 DATA BUS

{} k) RRD RWR MEMCSO
OE
SHARED -
MEMORY WE
AREA _
cs

Figure 3c. DMA Signals
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RAM

/
//
DATA )
Y
L N
BoRTMP |\ ADDRESS 1 cpu
CONTROL
MEMORY BUFFER
T T ARBITRATION
DUAL
TRANSCEIVER
I T T T
XFMR | | XFMR |
BUS A
1553 BUS
BUS B
Figure 3d. CPU/BCRTMP Interface -- DMA Configuration
Register Access 5.5 Legalization Bus

Registers 0 through 15 are accessed with the decode of
the four LSBs of the Address bus (A0-A3) and asserting
CS. Pulse either RD or WR for multiple register
accesses.

5.4 RAM Interface

The BCRTMP’s RRD, RWR, and MEMCSO signals
serve as read and write controls during BCRTMP
memory accesses. The host subsystem signals RD, WR,
and MEMCSI propagate through the BCRTMP to
become RRD, RWR, and MEMCSO outputs to support
a pseudo-dual-port. During BCRTMP-RAM data
transfers, the host subsystem’s memory signals are
ignored until the BCRTMP access is complete.

In the RT mode, when the UT1553 BCRTMP receives a
command on the 1553 bus, it must determine whether
that command is legal. The BCRTMP provides two
methods for the designer to accomplish this task. With
the first method, called DMA Legalization, the
BCRTMP automatically accesses a specific Descriptor
Block when it receives a command to a given subaddress
(or mode code). This Descriptor Block (see figure 4a)
contains information that the BCRTMP uses to
determine if the command is legal or illegal. With the
second method, called Bus Legalization, the 1553
Command Word, minus the RT Address, is routed to the
Legalization bus outputs of the BCRTMP (see figure 4b).
The BCRTMP uses this information, for example, as a
PROM address. The single-bit output from the PROM
then feeds the LGLCMD input signal of the BCRTMP
(see figure 4c). If the command is legal, the PROM
output is high; if the command is illegal, the PROM
output is low. Figure 31 shows the required timing for
the BCRTMP Legalization bus.
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The Descriptor Pointer Register
(Register 2) combined with the
Command Word generates the

address of the Control Word for
the Descriptor Block fetch. The
Control Word contains Legaliza-

BCRTMP

DMA fetch of three words
when command is received.

tion information.

#~ _Control_Word RAM
, Message Status Pointer L. First Receive Subaddress
. Data List Pointer Descriptor Block
- |__Unused —
b - - - -1 ®{ control Word 7
! Message Status Pointer L s \d Recelve Subaddress
! Data List Polinter Descriptor Block
' Unused —
' ®
4
' ®
v - = - -1 ®1 control Word N
Message Status Pointer | Last Mode Code
Data_List Pointer Descriptor Block
Unused _
Figure 4a. BCRTMP Descriptor Block Legalization
BIT TIME 1553 Command Word
3 5 6 7 1 12 13 14 15 16 17 18 19 20
1511413 J12}11}110]9 187|654 |3]2}1]0 P
[ T J L T J L T 1
RT ADDRESS T/R SUBADDRESS/ WORD COUNT
MODE OR MODE CODE

Tl '

[0y

N

COMBINATIONAL
LOGIC

|
mL
/\/\/\/\/\/\’/T\l/

1

YYvYYYYYYY l—<

COMBINATIONAL
LOGIC

Figure 4b. BCRTMP Legalization Bus
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OPTIONAL FOR A3818 MESSAGE
ERROR LOGGING

FIFO

‘ BCRTMP

DATA X

our :
| SHIFT X
[ |oUT SHIFTL o — =R
X IN X
: DATA ;
X IN LGLO - LGL4 X
————————————————————— | - - 4

51
LEGALIZATION
LEGALIZATION Bos
PROM
o ] LGLEN
® LaLemp
¢ 1
5 ADDRESS
o
MICROPROCESSOR e
I IT
ADDRESS BUS
[ l DATA BUS
RAM

Figure 4c. BCRTMP Bus Legalization Example

To facilitate on-board programming of the 5-volt
EEPROMs on the host board, the BCRTMP places the BCRTMP
Legalization bus into the high-impedance state when the
user asserts the MRST signal. TIMRONA TIMRONB

5.6 Transmitter/Receiver Interface CHANNEL A | CHANNEL B |CHA/B
The BCRTMP’s Manchester II encoder/decoder _\l/

interfaces directly with the 1553 bus transceiver, using
the TAO-TAZ and RAZ-RAO signals for Channel A,
and TBO-TBZ and RBZ-RBO signals for Channel B.

The BCRTMP also provides TIMRONA and TIMRONB CHANNEL A CHANNEL B
signal outputs and an active channel output indicator
(CHA/B) to assist in meeting the MIL-STD-1553B TXINHA TRARSOEVER TXINHB
fail-safe timer requirements (see figure 5). ‘

Figure 5. Dual-Channel Transceiver
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6.0 REMOTE TERMINAL ARCHITECTURE

The Remote Terminal architecture is a descriptor-
based configuration of relevant parameters. It is
composed of an RT Descriptor Space (see figure 6) and
internal, host-programmable registers. The Descriptor
Space contains only descriptors. Descriptors contain
programmable subaddress parameters relating to
handling message transfers. Each descriptor consists of
four words: (1) a Control Word, (2) a Message Status
List Pointer, (3) a Data List Pointer, and (4) an unused
fourth word (see figure 7.) These words indicate how to
perform the data transfers associated with the designated
subaddress.

m RECEIVE | SUBADDRESS #1

- STARTING ADDRESS | RECEIVE | SUBADDRESS #2
INITIALIZED BY CPU
IN THE RT DESCRIPTOR :
SPACE REGISTER °

RECEIVE | SUBADDRESS #31
UNUSED

TRANSMIT| SUBADDRESS #1

TRANSMIT| SUBADDRESS #2
L[]
Ld
L]

TRANSMIT| SUBADDRESS#31

UNUSED

MODE CODE
#'S0&16
MODE CODE
#'S1&17

[

°

°
MODE CODE
#'S 15 & 31

Figure 6. Descriptor Space

A receive descriptor and a transmit descriptor are
associated with each subaddress. The descriptors reside
in memory and are listed sequentially by subaddress. By
using the index within the descriptor, the BCRTMP can
buffer incoming and outgoing messages, which reduces
host CPU overhead. This message buffering also reduces
the risk of incoming messages being overwritten by
subsequent incoming messages.

Each descriptor contains a programmable interrupt
structure for subsystem notification of user-selected
message transfers and indicates when the message

buffers are full. Illegalizing subaddresses, in normal and
broadcast modes, is accomplished by using programmable
bits within the descriptor (see the RT Functional
Operation section below).

Message Status information -- including word count, an
internally generated time tag, and broadcast and message
validity information -- is provided for each message. The
Message Status Words are stored in a separate Message
Status Word list according to subaddress. The list’s
starting locations are programmable within the
descriptor.

Message data, received or transmitted, is also stored in
lists. The message capacity of the lists and the lists’
locations are user selectable within the descriptor.

6.1 RT Functional Operation

The RT off-loads the host computer of all routine data
transfers involved with message transfers over the 1553
bus by providing a wide range of user-programmable
functions. These functions make the BCRTMP’s
operation flexible for a variety of applications. The
following paragraphs give each function’s operational
descriptions.

6.1.1 RT Subaddress Descriptor Definition

The host sets words within the descriptor. The BCRTMP
then reads the descriptor words when servicing a
command corresponding to the specified descriptor. All
bit-selectable functions are active high and inhibited
when low.

ILLEGAL BROADCAST
SUBADDRESS

ILLEGAL
SUBADDRESS

INTERRUPT WHEN
ADDRESSED

INDEX =0

I— INTERRUPT WHEN

15 10 9 8 7 6 0

UNUSED | | | I I INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

FOR FUTURE EXPANSION

Figure 7. Remote Terminal Subaddress Descriptor
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A. Control Word. The first word in the descriptor, the Control Word, selects or disables message transfers and selects an
index.

Bit Description

Number

BITs 15-11 Reserved.

BIT 10 Illegal Broadcast Subaddress. Indicates to the BCRTMP not to access this subaddress using
broadcast commands. The Message Error bit in the status word is set if the illegal broadcast
subaddress is addressed. Since transmit commands do not apply to broadcast, this bit applies only
to receive commands.

BIT9 Illegal Subaddress. Set by the host CPU, it indicates to the BCRTMP that a command with this
subaddress is illegal. If a command uses an illegal subaddress the Message Error bit in the 1553
status word is set. The Illegal Command Interrupt is also asserted if enabled.

BIT 8 Interrupt Upon Valid Command Received. Indicates that the BCRTMP is to assert an interrupt
every time a command addresses this descriptor. The interrupt occurs just prior to post-command
descriptor updating.

BIT 7 Interrupt When Index = 0. Indicates that the BCRTMP initiates an interrupt when the index is
decremented to zero.

BITs 6-0 Index. These bits are for indexed message buffering. Indexing means transacting a pre-specified
number of messages before notifying the host CPU. After each message transaction, the BCRTMP
decrements the index by one until index = 0. Note that the index is decremented for messages
that contain message errors.

B. Message Status List Pointer. The host sets the Message Status List Pointer, the second word within the descriptor,
and the BCRTMP uses it as a starting address for the Message Status List. It is incremented by one with each Message
Status Word write. If the Control Word Index is already equal to zero, the Message Status List Pointer is not
incremented and the previous Message Status Word is overwritten.

Note: A Message Status Word is written and the pointer is incremented when the BCRTMP detects a message error.

C. Data List Pointer. The Data List Pointer is the third word within the descriptor. The BCRTMP stores data in RAM
beginning at the address indicated by the Data List Pointer. The Data List Pointer is updated at the end of each
successful message with the next message’s starting address with the following exceptions:

o If the message is erroneous, the Data List Pointer is not updated. The next message overwrites any
data corresponding to the erroneous message.
e Upon receiving a message, if the index is already equal to zero, the Data List Pointer is not
incremented and data from the previous message is overwritten.
D. Reserved. The fourth descriptor word is reserved for future use.
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6.1.2 Message Status Word
Each message the BCRTMP transacts has a 15 14 13 12 8 7 0

corresponding Message Status Word, which is pointed to
by the Message Status List Pointer of the Descriptor.
This word allows the host CPU to evaluate the message’s
validity, determine the word count, and calculate the
approximate time frame in which the message was C
transacted (figures 8 and 9).

WORD COUNT | TIME TAG

MESSAGE ERROR
L MESSAGE WAS BROADCASTED

SUBSYSTEM FAIL INPUT WAS
ASSERTED DURING THIS MESSAGE

Figure 8. Message Status Word

MESSAGE STATUS WORD

DATA LIST LIST

MESSAGE #

# 2
MESSAGE #3

#2 #4

MESSAGE STATUS "

MESSAGE LIST POINTER

#3

DATA LIST
[

MESSAGE POINTER H

#4

(FROM RT DESCRIPTOR)
MESSAGE
#5

Figure 9. Remote Terminal Data and Message Status List

Message Status Word Definition

BIT 15

BIT 14
BIT 13

BITS 12-8

BITs 7-0

Subsystem Failed. Indicates SSYSF was asserted before the Message Status Word transfer to
memory. This bit is also set when the user sets bit 13 of Register 10.

Broadcast Message. Indicates that the corresponding message was received in the broadcast mode.

Message Error. Indicates a message is invalid due to improper synchronization, bit count, word
count, or Manchester error.

‘Word Count. Indicates the number of words in the message and reflects the Word Count field in
the command word. Should the message contain a different number of words than the Word
Count field, the Message Error flag is triggered. If there are too many words, they are withheld
from RAM. If the actual word count is less than it should be, the Message Error bit in the 1553
status word is set.

Time Tag. The BCRTMP writes the internally generated Time Tag to this location after message
completion. The resolution is 64 microseconds. (See Register 13). If the timer reads 2, it
indicates the message was completed 128 to 191 microseconds after the timer started.
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REMOTE TERMINAL

6.1.3 Mode Code Descriptor Definition MODE CODE

Mode codes are handled similarly to subaddress #'S0&16 gf:gﬁ',g;oro%?égg
transactions. Both use the four-word descriptors residing MODE CODE (RTDSSA) + 256
in the RT descriptor space to allow the host to program #'S1&17

their operational mode. Corresponding to each mode MODE CODE

code is a descriptor (see figure 10a). Of the 32 address #'S2&18

combinations for mode codes in MIL-STD-1553, some -

are clearly defined functions while others are reserved H

for future use. Sixteen descriptors are used for mode

code operations with each descriptor handling two mode

codes: one mode code with an associated data word and MODE CODE

one mode code without an associated data word. All #'S 15 & 31 RTDSSA + 320
mode codes can be handled in accordance with

MIL-STD-1553B. The function of the first word of the Note:

Mode Code Descriptor is similar to that of the
Subaddress Descriptor and is defined below. The
remaining three words serve the same purpose as in the

Mode code descriptor blocks are also provided for reserved
mode codes but have no associated predefined BCRTMP

operation.

Subaddress Descriptor. Figure 10a. (RT) Mode Code Descriptor Space

INTERRUPT ON RECEPTION OF MODE CODE
(WITHOUT DATA WORD)

ILLEGALIZE BROADCAST MODE CODE
(WITHOUT DATA WORD)

ILLEGALIZE MODE CODE
(WITHOUT DATA WORD)

RESERVED

ILLEGALIZE BROADCAST MODE CODE
(WITH DATA WORD)

ILLEGALIZE TRANSMIT MODE CODE
(WITH DATA WORD)

ILLEGALIZE RECEIVE MODE CODE
(WITH DATA WORD)

INTERRUPT ON RECEPTION OF MODE CODE
l (WITH DATA WORD)
— INTERRUPT IF INDEX =0

15 14 13 12 11 10 9 8 7 6 0

I T T T 71T T T T T "INDEX

MESSAGE STATUS LIST POINTER

DATA LIST POINTER

RESERVED
Figure 10b. (RT) Mode Code Descriptor

Control Word
BIT 15  Interrupt on Reception of Mode Code (without Data Word).
BIT 14  Illegalize Broadcast Mode Code (without Data Word).
BIT 13  Illegalize Mode Code (without Data Word).
BIT 12 Reserved.
BIT 11  Illegalize Broadcast Mode Code (with Data Word).
BIT 10  Ilegalize Transmit Mode Code (with Data Word).
BIT 9 Illegalize Receive Mode Code (with Data Word).
BIT 8 Interrupt on Reception of Mode Code (with Data Word).
BIT 7 Interrupt if Index = 0.
BITs 6-0 Index. Functionally equivalent to the index described in the Subaddress Descriptor. It applies to

mode codes with data words only.
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The descriptors, numbered sequentially from 0 to 15,
correspond to mode codes 0 to 15 without data words and
mode codes 16 to 31 with data words. For example, mode
codes 0 and 16 correspond to descriptor 0 and mode
codes 1 and 17 correspond to descriptor 1. The Mode
Code Descriptor Space is appended to the Subaddress
Descriptor Space starting at 0100H (256D) of the
320-word RT Descriptor Space (see figure 6).

The BCRTMP can autonomously support all mode codes
without data words by executing the specific function and
transmitting the 1553 status word. The subsystem
provides the data word for mode codes with data words
(see the Data List Pointer section). For all mode codes,
an interrupt can be asserted by setting the appropriate bit
in the control word upon successful completion of the
mode command (see figure 10b).

Dynamic Bus Control #00000

This mode code is accepted automatically if the
Dynamic Bus Control Enable bit in the Remote
Terminal Address Register is set. Setting the Dynamic
Bus Control Acceptance bit in the 1553 status word
and BCRTMP Status Register confirms the mode code
acceptance. A High-Priority Interrupt is also asserted
if enabled. If the Dynamic Bus Control Enable bit is
not set, the BCRTMP does not accept Dynamic Bus
Control.

Synchronize (Without Data Word) #00001

If enabled in the Mode Code #00001 Descriptor
Control Word, the BCRTMP asserts an interrupt
when this mode code is received.

Transmit Status Word #00010
The BCRTMP automatically transmits the 1553 status
word corresponding to the last message transacted.

Initiate Self-Test #00011

The BCRTMP automatically starts its BIT routine. An
interrupt, if enabled, is asserted when the test is
completed. The BIT Word Register and external pin
BCRTF are updated when the test is completed. A
failure in BIT will also set the TF status word bit.

Transmitter Shutdown #00100
The BCRTMP disables the channel opposite the
channel on which the command was received.

Override Transmitter Shutdown #00101
The BCRTMP enables the channel previously disabled.

Inhibit Terminal Flag Bit #00110
The BCRTMP inhibits the Terminal Flag from being set
in the status word.

Override Inhibit Terminal Flag Bit #00111
The BCRTMP disables the Terminal Flag inhibit.

Reset Remote Terminal #01000
The BCRTMP automatically resets the encoder,
decoders, and protocol logic.

Transmit Vector Word #10000

The BCRTMP transmits the vector word from the
location addressed by the Data List Pointer in the Mode
Code Descriptor Block.

Synchronize (with Data Word) #10001
On receiving this mode code, the BCRTMP simply stores
the associated data word.

Transmit Last Command #10010
The BCRTMP transmits the last command executed and
the corresponding 1553 status word.

Transmit BIT Word #10011
The BCRTMP transmits BIT information from the BIT
Register.

Selected Transmitter Shutdown #10100
On receiving this mode code, the BCRTMP simply stores
the associated data word.

Override Selected Transmitter Shutdown #10101
On receiving this mode code, the BCRTMP simply stores
the associated data word.

Mode codes 9-15 and 22-31 are reserved for future
expansion of MIL-STD-1553.

6.2 RT Error Detection

In accordance with MIL-STD-1553, the remote terminal
handles superseding commands on the same or opposite
bus. When receiving, the Remote Terminal performs a
response time-out function of 56 microseconds for
RT-RT transfers. If the response time-out condition
occurs, a Message Error bit can be set in the 1553 status
word and in the Message Status Word. Error checking
occurs on both of the Manchester logic and the word
formats. Detectable errors include word count errors,
long words, short words, Manchester errors (including
zero crossing deviation), parity errors, and data
contiguity.

6.3 RT Operational Sequence

The following is a general description of the typical
behavior of the BCRTMP as it processes a message in
the RT mode. It is assumed that the user has already
written a “1” to Register 0, bit 0, enabling RT operation.

Valid Command Received.

COMSTR goes active
Bus Legalization occurs (if selected)

® DMA Descriptor Read. (If Bus Legalization is
used, the BCRTMP ignores the legalization
information in the Control Word). After
receiving a valid command, the BCRTMP
initiates a burst DMA:

DMA arbitration (BURST)
Control Word read
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Message Status List Pointer read
Data List Pointer read

Data Transmitted/Received.
e Data Word DMA.

If the BCRTMP needs to transmit data from
memory, it initiates a DMA cycle for each Data
Word shortly before the Data Word is needed
on the 1553B bus:

DMA arbitration

Data Word read  (starting at Data List
Pointer address, incremented for each
successive word)

If the BCRTMP receives data, it writes each
Data Word to memory after the Data Word is
received:

DMA arbitration

Data Word write  (starting at Data List
Pointer address, incremented for
eachsuccessive word)

Status Word Transmission.

The BCRTMP automatically transmits the Status
Word as described in section 8.2.8. For illegalized
commands, the BCRTMP also sets the Message
Error Bit in the 1553 Status Word.

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register
7). For message errors, the BCRTMP is
put in a hold state until the interrupt is
acknowledged (by writing a “1” to the
appropriate bit in Register 8).

For Standard Interrupts:

DMA arbitration (BURST)
Interrupt Status Word write

RT Descriptor Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

® Descriptor Write.

After the BCRTMP processes the message, a
final DMA burst occurs to update the
descriptor block, if necessary:

DMA arbitration (BURST)

Message Status Word write

Data List Pointer write (incremented by
word count)

Message Status List Pointer write
(incremented by 1)

Control Word write (index decremented)

Note the following exceptions:

Mode codes without data require no
descriptor update.

Illegalized commands require no
description updates (or data word
accesses).

Predefined mode codes (18 and 19) which
do not require access to memory for the
data word, do not involve updating the
Data List Pointer.

Messages with errors prevent updates to
the Data List Pointer.

If the message index was zero, neither the
Message Status List Pointer nor the Data
List Pointer is updated.

7.0 Bus CONTROLLER ARCHITECTURE

The BCRTMP’s bus controller architecture is based on a
Command Block structure and internal, host-
programmable registers. Each message transacted over
the MIL-STD-1553 bus has an associated Command
Block, which the CPU sets up (see figures 11 and 12).
The Command Block contains all the relevant message
and RT status information as well as programmable
function bits that allow the user to select functions and
interrupts. This memory interface system is flexible due
to a doubly-linked list data structure.

HEAD POINTER

CONTROL WORD

COMMAND WORD 1

COMMAND WORD 2 (RT-RT ONLY)
DATA LIST POINTER

STATUS WORD 1

STATUS WORD 2 (RT-RT ONLY)
TAIL POINTER

Figure 11. Command Block
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In a doubly-linked Command Block structure, pointers
delimit each Command Block to the previous and
successive blocks (see figure 13). The linking feature
eases multiple message processing tasks and supports
message scheduling because of its ability to loop through
a series of transfers at a predetermined cycle time. A
data pointer in the command allows efficient space
allocation because data blocks only have to be configured
to the exact word count used in the message. Data
pointers also provide flexibility in data-bank switching.

COMMAND BLOCK
DATA WORD #i
DATA LIST POlNTEEJ DATA WORD #2

LAST DATA WORD \l/
X IS BETWEEN 1 & 32
Figure 12. Data Placement

A control word with bit-programmable functions and a
Message Error bit are in each Command Block. This
allows selecting individual functions for each message
and provides message validity information. The
BCRTMP’s register set provides additional global
parameters and address pointers.

A programmable auto retry function is selectable from
the control word and Control Register.

The auto retry can be activated when any of the
following occurs:

® Busy bit set in the status word

® Message Error (indicated by the RT status
response)

® Response Time-Out

® Message Error detected by the Bus Controller

One to four retries are programmable on the same or
opposite bus.

The Bus Controller also has a programmable
intermessage delay timer that facilitates message transfer
scheduling (see figures 14 and 15). This timer,
programmed in the control word, automatically delays
between the start of two successive commands.

A polling function is also provided. The Bus Controller,
when programmed, compares incoming status words to a

host-specified status word and generates an interrupt if
the comparison indicates any matching bits. An Interrupt
and Continue function facilitates the host subsystem’s
synchronization by generating an interrupt when the
specified Command Block’s message is executed.

COMMAND BLOCK #1
HP

TP
g #2

HP

TP
(=

HP

TP

(=

HP

TP

Figure 13. Command Block Chaining

7.1 BC Functional Operation

The Bus Controller off-loads the host computer of many
functions needed to coordinate 1553 bus data transfers.
Special architectural features provide message-
by-message flexibility. In addition, a programmable
interrupt scheme, programmable intermessage timing
delays, and internal registers enhance the BCRTMP’s
operation.

The host determines the first Command Block by setting
the initial starting address in the current Command
Block Register. Once set, the BCRTMP updates the
current Command Block register with the next
Command Block Address. The BCRTMP then executes
the sequential Command Blocks and counts out message
delays (where programmed) until it encounters the last
Command Block listed (indicated by the End of List bit
in the control word). Interrupts are asserted when
enabled events occur (see the Exception Handling and
Interrupt Logging section, page 45).

The functions and their programming instructions are
described below. The registers also contain many
programmable functions and function parameters.
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MESSAGE INTERRUPT| poy NG| AUTO END  |gr.rr  |[MONITOR ‘ '
ERROR SKIP [ AND ENABLE | RETRY | OF TRANSFERRT-RT TIME DELAY
CONTINUE ENABLE | LIST TRANSFER 34
CC

Figure 14. Command Word

| MESSAGE #1 l MESSAGE #2 ] MESSAGE #3

l T DELAY1 ' TOELAY2 \]

Figure 15. BC Timing Delays

BC Command Block Definition
Each Command Block contains (see figure 11):

A. Head Pointer. Host-written, this location can contain the address of the previous Command Block’s Head Pointer.
The BCRTMP does not access this location.

B. Control Word. Host-written, the Control Word contains bit-selectable options and a Message Error bit the BCRTMP

provides (see figure 14). The bit definitions follow.

BIT 15 Message Error. The BCRTMP sets this bit when it detects an invalid RT response as defined in
MIL-STD-1553B.

BIT 14 Skip. When set, this bit instructs the BCRTMP to skip this Command Block and execute the next.

BIT 13 Interrupt and Continue. If set, a Standard Interrupt is asserted when this block is addressed;
operation, however, continues. Note that this interrupt must also be enabled by setting bit 0 of
Register 9.

BIT 12 Polling Enable. Enables the BCRTMP’s polling operation.

BIT 11 Auto Retry Enable. When set, the Auto Retry function, governed by the global parameters in the
Control Register, is enabled for this message.

BIT 10 End of List. Set by the CPU, this bit indicates that the BCRTMP, upon completion of the current
message, will halt (Register 1, bit 0 goes inactive) and assert a High-Priority Interrupt. The
interrupt must also be enabled in the High-Priority Interrupt Enable Register.

BIT 9 RT-RT. Set by the CPU, this indicates that this Command Block transacts an RT-RT transfer.

BIT 8 Monitor RT-RT Transfer. Set by the CPU, this function indicates that the BCRTMP should
receive and store the message beginning at the location indicated by the data pointer.

BITs 7-0  Time Delay. The CPU sets this field, which causes the BCRTMP to delay the specified time
between sequential message starts (see figures 14 and 15). Regardless of the value in the Time
Delay field (including zero), the BCRTMP will at least meet the minimum 4 ps intermessage gap
time as specified in MIL-STD-1553B. The timer is enabled by having a non-zero value in this bit
field. When using this function, please note:

e Timer resolution is 16 microseconds. As an example, if a given message requires 116 ps to
complete (including the minimum 4 us intermessage gap time) the value in the Time Delay field
must be at least 00001000 (8 x 16 us = 128 ps) to provide an intermessage gap greater than the
4 ps minimum requirement.

® If the timer is enabled and the Skip bit is set, the timer provides the programmed delay before
proceeding.
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e If the message duration exceeds the timer delay, the message is completed just as if the timer

were not enabled.

C. Command Word One. Initialized by the CPU, this location contains the first command word corresponding
to the Command Block’s message transfer.
D. Command Word Two. Initialized by the CPU, this location is for the second (transmit) command word in
RT-RT transfers. In messages involving only one RT, the location is unused.
E. Data Pointer. Initialized by the CPU, this location contains the starting location in RAM for the Command
Block’s message (see figure 16).
F Status Word One. Stored by the BCRTMBP, this location contains the entire Remote Terminal status response.
G. Status Word Two. Stored by the BCRTMBP, this location contains the receiving Remote Terminal status word.
For transfers involving one Remote Terminal, the location is unused.
H. Tail Pointer. Initialized by the host CPU, the Tail Pointer contains the next Command Block’s starting address.
COMMAND BLOCK #1 RAM Example 2. Bit match is present
PCR 00100100000
| RT’s 1553 Status Word response 00000100000
DATA WORD #1
DATA POINTER Result Polling Comparison Interrupt
MESSAGE #1 DATA WORD #2
DATA WORD #3
RT
DATA WORD #1
COMMAND BLOCK #2/ DATA WORD #2 RT RT
MESSAGE #2
L~ DATA WORD #3

DATA POINTER DATA WORD #4

Figure 16. Contiguous Data Storage

7.2 Polling

During a typical polling scenario (see figure 17) the Bus
Controller interrogates remote terminals by requesting
them to transmit their status words. This feature can also
alert the host if a bit is set in any RT status word
response during normal message transactions. The
BCRTMP enables the host to initialize a chain of
Command Blocks with the command word’s Polling
Enable bit. A programmable Polling Compare Register
(PCR) is provided. In the polling mode, the Remote
Terminal response is compared to the Polling Compare
Register contents. Program the PCR by setting the PCR
bits corresponding to the RT’s 1553 status word bits to be
compared. If they match (i.e., two 1’s in the same bit
position) then, if enabled in both the BC Command
Block Control Word and in the Standard Interrupt
Enable Register (Register 9), a polling comparison
interrupt is generated.

Example 1. No bit match is present
PCR 00000000001

RT’s 1553 Status Word response
Result

00000100010
No Polling Comparison Interrupt

RESPONSE 7
Q?

BC@

POLLING RESPONSE REGISTER
(RT STATUS WORD)

POLLING COMPARE WORD
(SET BY CPU)

Figure 17. Polling Operation

7.3 BC Error Detection

The Bus Controller checks for errors (see the Exception
Handling and Interrupt Logging and the RT Error
Detection sections, pages 45 and 37) on each message
transaction. In addition, the BC compares the RT
command word addresses to the incoming status word
addresses. The BC monitors for response time-out and
checks data and control words for proper format
according to MIL-STD-1553. Illogical commands include
incorrectly formatted RT-RT Command Blocks.
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7.4 Bus Controller Operational Sequence

The following is a general description of the typical
behavior of the BCRTMP as it processes a message in
the BC mode.

The user starts BC operation by writing a “1” to Register 0,
Bit 0.

e Command Block DMA - the following occurs
immediately after Bus Controller startup:

DMA arbitration (BURST)

Control Word read

Command Word 1 read (from third
location of Command Block)

Data List Pointer read

A. For BC-to-RT Command Blocks:
The BCRTMP transmits the Command Word.
e Data Word DMA

DMA arbitration
Data Word read (starting at Data List
Pointer address, incremented for each
successive word)

The BCRTMP transmits the Data Word. Data
Word DMAs and transmissions continue until all
Data Words are transmitted.

o Status Word DMA
The BCRTMP receives the RT Status Word.

DMA arbitration
Status Word write (to sixth location of
Command Block)

. For RT-to-BC Command Blocks:

The BCRTMP transmits the Command Word.
® Status Word DMA
The BCRTMP receives the RT Status Word.

DMA arbitration
Status Word write (to sixth location of
Command Block)

The BCRTMP receives the first Data Word.
® Data Word DMA

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Data Word receptions and DMAs continue until all
Data Words are received.
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C. For RT(A)-to-RT(B) Command Blocks:

The BCRTMP transmits Command Word 1 to
RT(B).

® Command Word 2 DMA

DMA arbitration
Command Word 2 read (from fourth
location of Command Block)

The BCRTMP transmits Command Word 2 to
RT(A).

The BCRTMP receives the RT Status Word from
RT(A).

® Status Word DMA for RT(A) Status Word

DMA arbitration
Status Word write (to sixth location of
Command Block)

The BCRTMP receives the first Data Word

® Data Word DMA (only if the BCRTMP is
enabled to monitor the RT-to-RT message).

DMA arbitration
Data Word write (starting at Data List
Pointer address, incremented for each
successive word)

Data Word receptions and DMAs continue until all
Data Words are received.

The BCRTMP receives the RT Status Word from
RT(B).

® Status Word DMA for RT(B) Status Word

DMA arbitration
Status Word write (to seventh location of
Command Block)

Exception Handling.

If an interrupting condition occurs during the
message, the following occurs:

For High-Priority Interrupts:

HPINT is asserted (if enabled in Register 7). For
message errors, the BCRTMP is put in a hold state
until the interrupt is acknowledged (by writing a
“1” to the appropriate bit in Register 8).

For Standard Interrupts:

DMA arbitration (BURST)
Interrupt Status Word write
Command Block Pointer write
Tail Pointer read (into Register 6)
STDINTP pulses low

STDINTL asserted (if enabled)
Processing continues

If Retries are enabled and a Retry condition
occurs, the following DMA occurs:

DMA arbitration (BURST)

Control Word read

Command Word 1 read (from third
location of Command Block)

Data List Pointer read

The BCRTMP proceeds from the current
Command Block to the next successive Command
Block.

® If no Message Error has occurred during the
current Command Block, the following occurs:

DMA arbitration (BURST)

Command Block Tail Pointer read (to
determine location of next Command
Block. Note that this occurs only if no
Retry).

DMA hold cycle

Control Word read (next Command
Block)

Command Word 1 read (next Command
Block)

Data List Pointer read

o If the BCRTMP detects a Message Error while
processing the current Command Block, the
following occurs:

DMA arbitration (BURST)

Control Word write

Command Block Tail Pointer read (to
determine location of next Command
Block. Note that this occurs only if no
Retry.)

DMA hold cycle

Control Word read (next Command
Block)

Command Word 1 read (next Command
Block)

Data List Pointer read

The BCRTMP proceeds again from point A, B, or
C as shown above.

7.5 BC Operational Example (figure 19 on page 48)
The BCRTMP is programmed initially to accomplish the
following:

The first Command Block is for a four-word RT-RT
transfer with the BCRTMP monitoring the transfer and
storing the data.
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o Auto-retry is enabled on the opposite bus using
only one retry attempt, if the incoming Status
Word is received with the Message Error bit set.

e Wait for a time delay of 400 microseconds before
proceeding to the next Command Block.

e The Data List Pointer contains the address
0400H.

The second Command Block is for a BC-RT transfer of
two words.

o The End of List bit is set in its Control Word.

o The Data List Pointer contains the address
0404H.

o The Polling Enable bit is set and the Polling
Compare Register contains 0004H (check for
Subsystem Fail bit.

Then:

A. The CPU initializes all the appropriate registers
and Command Blocks, and issues a Start Enable
by writing a “1” to Register 0, bit 0.

B. The BCRTMP, through executing a DMA cycle,
reads the Control Word, Command Words, and
the Data List Pointer. The delay timer starts and
message execution begins by transmitting the
receive and transmit commands stored in the
Command Blocks. The BCRTMP then waits to
receive the Status Word back from the
transmitting RT.

C. The BCRTMP receives the RT Status Word with
all status bits low from the transmitting RT and
stores the Status Word in Command Block 1. The
incoming data words from the transmitting RT
follow. The BCRTMP stores them in memory
locations 0400H - 0403H.

If the Status Word indicates that the message
cannot be transmitted (Message Error), the
response time-out clock counts to zero and the
allotted message time runs out. An auto-retry can
be initiated if programmed to do so. Nevertheless,
the ME bit in the Control Word is set.

D. The BCRTMP receives the Status Word response

from the receiving RT. The ME bit in the Status
Word is set, indicating the message is invalid. The
BCRTMP initiates the auto retry function, (as
programmed) on the alternate bus, re-transmits
the Command Words, receives the correct Status
Word, and stores the data again in locations
0400H - 0403H. This time the Status Word
response from the receiving RT indicates the
message transfer is successful.

. The timer delay between the two successive

transactions counts down another 135
microseconds before proceeding. This is
determined as follows:

The message transaction time is approximately 130
microseconds (the only approximation is due to
the range in status response and intermessage gap
times specified by MIL-STD-1553B).
Approximating that with the retry, the total
duration for the two attempts is 265 microseconds.

. The BCRTMP reads the Tail Pointer of Command

Block 1 and places it in the Current Command
Register. It also reads the Control Word,
Command Word, and Data List Pointer, and the
first data word in the second Command Block.

. Since this is a BC-RT transfer, the BCRTMP

transmits the receive command followed by two
data words from locations 0404H - 0405H in
memory. The BCRTMP reads the second data
word from memory while transmitting the first.

. The BCRTMP receives the status response from

the RT. In this case, the Status Word indicates,
by the ME bit being low, that the message is
valid. The Status Word also has the Subsystem
Fail bit set.

. The Status Word is stored in the Command

Block. The BCRTMP, having encountered the
end of the list, halts message transactions and
waits for another start signal.

. The BCRTMP asserts a High-Priority Interrupt

indicating the end of the command list. Due to
the polling comparison failure, the BCRTMP also
asserts a Standard Priority Interrupt and logs the
event in the Interrupt Log List.
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8.0 MuLtipLE PROTOCOL OPTIONS

The UT1553 BCRTMP was developed from the
industry’s first monolithic MIL-STD-1553B Bus
Controller and Remote Terminal chip, the UT1553B
BCRT. Many additional features were added to the
BCRT to create the UT1553 BCRTMP, which conforms
to the requirements of the many different “1553
standards” which developed between releases of
MIL-STD-1553A and MIL-STD-1553B.

User-configurable Operational Mode selections allow the
BCRTMP to interface to a wide variety of 1553 protocols.
Protocols for which the user can configure the UT1553
BCRTMP include: MIL-STD-1553A, MIL-STD-1553B,
McDonnell Douglas A3818, A5232, and A5690, and
Grumman Aerospace SP-G-151A. The user need only to
determine which Operational Mode settings are
necessary to conform to the application’s needs.

8.1 Operational Modes

The user can program the BCRTMP to conform to many
of the currently used MIL-STD-1553 variations in
protocol by simply selecting different operating modes.
The BCRTMP provides seven Mode Select input pins
and/or register bits to select the different operating
modes. If all mode bits are high, the BCRTMP operates
in accordance with MIL-STD-1553B.

8.1.1 MD0 (Mode 0)

Legalization Select (RT)

The MDO input pin or bit 0 of Register 14 selects the
method of command legalization the BCRTMP uses.
Before issuing the appropriate RT response to a
command, the BCRTMP must determine whether the
command is legal. The BCRTMP accomplishes command
legalization by one of two methods -- DMA, by fetching
the appropriate Descriptor Block (MDO0=1); or by using
the Legalization bus (MDO0=0). The Legalization bus is
the faster of the two methods and must be selected in
order to meet the RT Response Time requirements of
MIL-STD-1553A. Since the BCRTMP cannot meet the
“A’ response time unless it uses the Legalization bus for
command legalization, it forces Mode 0 low internally if
the “A’ response time is selected (MD2=0). See also
section 5.5, Legalization bus.

8.1.2 MD1 (Mode 1)

Broadcast Option Select (BC, RT)

The MD1 input pin or bit 1 of Register 14 selects the
Broadcast option the BCRTMP uses. The use of
Broadcast varies with differences in the 1553 protocols.
For protocols that support the Broadcast option
(MD1=1), the RT address 11111 is reserved to indicate a
Broadcast command. When the Bus Controller transmits
a Broadcast command, all RTs must receive the message,
but no RT is to respond with a status word. For protocols
that do not support the Broadcast option (MD1=0), RT
address 11111 is treated as a normal RT address.

8.1.3 MD2 (Mode 2)

RT Response Time Select (RT)

The MD2 input pin or bit 2 of Register 14 selects the RT
Response Time the BCRTMP uses in the RT mode to
respond to 1553 commands. Before an RT can respond to
a command, it must determine whether that command is
legal. As stated is section 8.1.1 above, the BCRTMP
accomplishes Command Legalization by using either
DMA Descriptor Block fetching or by using the
Legalization bus.

The RT Response Time differs among the 1553 protocols.
The RT Response Time is measured from the zero
crossing of the parity bit of the receive command’s last
data word (or the zero crossing of the parity bit of the
transmit command word) to the status word sync’s zero
crossing. The maximum response time allowed for an RT
is either 7.0 ps (“A” response time, MD2=0) or 12.0 ps
(“B” response time, MD2=1), depending on the
specification.

8.1.4 MD3 (Mode 3)

Mode Code Option Select (BC,RT)

The MD3 input pin or bit 3 of Register 14 selects the
mode code option the BCRTMP uses. Differences in
mode code definitions among the 1553 protocols concern
the number of defined mode codes and whether mode
codes with data are defined. MIL-STD-1553B’s definition
is formal, but the other specifications define the possible
mode codes to varying degrees, and may not use mode
codes with data.

The BCRTMP uses this selection to determine which bit
patterns in the subaddress field of the command word
indicate that the word count field contains a mode code.
When MD3 is high, either 00000 or 11111 in the
subaddress field indicates a mode code. When MD3 is
low, only 00000 indicates a mode code. The BCRTMP
provides additional control over mode code definition
with the MD6 selection (see section 8.1.7). Also, the user

_can program bit 13 of Register 14 to provide additional

mode code control.

8.1.5 MD4 (Mode 4)

Status Word Option Select (RT)

The MD4 input pin or bit 4 of Register 14 selects the
method the BCRTMP uses to generate the RT status
word. Most, if not all, 1553 protocols define the Terminal
Address, Message Error (ME), and Terminal Flag (TF)
status word bits in the same manner. The remaining bits
are defined in a variety of ways, not only dependent on
the 1553 protocol, but also on the individual procurement
specification. MIL-STD-1553B is quite formal in defining
the status word bits, while the other specifications either
define or leave undefined the other bits to varying
degrees for procurement-specific options. When MD4 is
high, the BCRTMP generates the status word in
accordance with MIL-STD-1553B, using the contents of
Register 10 for many of the status bits. When MD4 is
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low, the BCRTMP generates the status word using the
Programmable status register (Register 15). See section
8.2.8 for more information regarding status word
generation.

8.1.6 MD5 (Mode 5)

Message Error Technique Select (RT)

The MDS input pin or bit 5 of Register 14 selects the
method the BCRTMP uses for handling message errors.
Some 1553 protocols (e. g., MIL-STD-1553B) consider
any message error reason to discard the entire message
and suppress status word transmission, while others

(e. g., McDonnell Douglas A3818) define the required
activity according to message error severity.

When MDS5 is high, message error handling is as
described in MIL-STD-1553B. The MIL-STD-1553B
definition states that on the occurrence of any Message
Error condition, the RT sets the message error bit in the
status word and suppresses status word transmission.
Message error conditions are defined as any of the
following: parity errors, word count errors, or
Manchester errors.

When MDS5 is low, message error handling is as
described in McDonnell Douglas A3818. In this method,
a less severe error (either a Manchester error or a parity
error in a data word, for example) requires special
attention. The RT must mark the individual defective
data word and respond with the message error bit set in
the status word. When the BCRTMP detects this type of
Message Error, the BCRTMP asserts the ERR output
and places the word count for the defective data word on
the least significant five bits of the Legalization bus.

Due to the BCRTMP’s internal detection circuitry, errors
in the first two data bits will force the BCRTMP to
ignore the word and cause a word count error. Word
count errors cause the RT to suppress the status word
and set the Message Error bit.

8.1.7 MD6 (Mode 6)

Mode Code with Data Select (BC,RT)

The MD6 input pin or bit 6 of Register 14 selects
whether mode codes with data are allowed. When MD6
is high, the mode codes defined in MIL-STD-1553B as
mode codes with data have an associated data word.
‘When MDE6 is low, the BCRTMP treats all mode codes
as mode codes without data.

8.1.8 MD7 (Mode 7)

Remote Terminal Time Out Option Select (BC,RT)
The MD7 input pin or bit 12 of Register 0 selects the
Remote Terminal Time-Out option. When MD?7 is high,
the Remote Terminal Time-Out (RTO) is nominally

16 ps. When MD?7 is low, the Remote Terminal
Time-Out (RTO) is nominally 32 ps.

8.2 Additional UT1553 BCRTMP Features

8.2.1 DOMC Do Mode Code Control Signal (RT)

The BCRTMP provides additional mode code flexibility
through use of the DOMC input. This input (internally

pulled high) can be pulled low when the BCRTMP
receives a mode code to prevent the BCRTMP from
automatically executing the mode code. This input can be
used to disable automatic execution of mode codes at any
time; however, the individual selection of mode code
execution applies only when using the Legalization bus
for command legalization (i.e., MDO0 is low), since the
timing for mode code execution decision-making
corresponds with mode code legalization using the
Legalization bus method only. If the user desires
automatic execution of the mode code as defined in
MIL-STD-1553B, then the user asserts the DOMC signal
high after the BCRTMP receives the mode code. If the
user desires to suppress automatic execution of the Mode
Code, then the user asserts the DOMC signal low after
the BCRTMP receives the mode code. The timing for
the DOMC input follows, identically, the timing for the
LGLCMD of the Legalization bus. See Table 2 for the
actions the BCRTMP takes when receiving specific mode
codes.

8.2.2 Continuous Wrap-Around Circuitry (BC,RT)

The Continuous Wrap-Around Test feature is available
for both Bus Controller and Remote Terminal operation.
This feature permits continuous monitoring of the
correct operation of the BCRTMP.

The user either asserts the WRAPEN input low or writes
a “one” to bit 7 of Register 14 to enable the Continuous
Wrap-Around feature. This feature permits the
BCRTMP to compare everything it transmits with a
“reflected-back” version of the transmitted data. The
data is reflected back by the 1553 transceiver and serially
received into the BCRTMP’s decoder circuitry. If a
mismatch is found between the transmitted data and the
reflected data, then the BCRTMP asserts the WRAPF
output.

Asserting the WRAPEN and the ALTWRAP inputs
places the BCRTMP in a special off-line system
diagnostics mode to allow the system to test both 1553
buses and the associated transceivers, transformers,
connectors, etc.

Typical use of this feature would involve connecting a bus
stub between the Channel A and B connectors. The user
could then place the BCRTMP in a Bus Controller mode
of operation and execute a list of commands. With the
ATTWRAP and WRAPEN signals asserted, each
transmission on the selected bus would be received
through the wrap-around circuitry on the opposite bus.
Any assertion of the WRAPF output would indicate that
either the BCRTMP or some part of the bus or interface
network has failed. Note that if no RT is present in the
system, then the BCRTMP will naturally detect a
no-response error. This can be avoided by using
Broadcast commands, in which case no RT is expected to
respond on the bus.
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8.2.3 Stop Enable (BC,RT)

The user implements this feature by setting bit 12 of
Register 14 high. In the Bus Controller mode, when this
bit is high, the occurrence of any enabled interrupt
(either Standard or High-Priority) causes the BCRTMP
to automatically halt Bus Controller message processing.
The BCRTMP resumes message processing when the
user clears the interrupt by writing a “one” to the
appropriate bit in Register 8.

In the Remote Terminal mode, when this bit is high, the
occurrence of any enabled interrupt (either Standard or
High-Priority) causes the BCRTMP to automatically
enter the Forced Busy mode of operation (see section
8.2.4). The BCRTMP exits the Forced Busy mode when
the user clears the interrupt.

8.2.4 Forced Busy (RT)

The user places the BCRTMP into the Forced Busy
mode (RT only) by either pulling the FBUSY input low
or by writing a “one” to bit 11 of Register 15 or bit 9 of
Register 10. As discussed in Section 8.2.3, the BCRTMP
can also automatically enter the Forced Busy mode with
the occurrence of enabled interrupts. While in the
Forced Busy mode, all interrupts are disabled, the Busy
bit is set in the status word response, and no DMA
transactions will occur. The BUSYACK output
acknowledges that the BCRTMP is in the Forced Busy
mode.

8.2.5 ACTIVE Signal (RT)

The ACTIVE output provides a means for the user to
place the BCRTMP on the 1553 bus, enabled as an RT,
and determines if it should assume bus mastership. The
BCRTMP asserts the ACTIVE signal when it detects a
valid command on the bus to any RT address. The host
determines which bus is active by examining bits 10 and
11 of Register 14. To disable bus activity detection, the
host writes a “one” to bit 10 of Register 14 to disable
Channel A (or bit 11 of Register 14 for Channel B). The
ACTIVE output remains deasserted until one or both of
the channels is enabled. The user writes a “zero” to the
appropriate bit location(s) to enable the desired
channel(s). Performing a programmed or hardware reset
also enables both activity monitors.

8.2.6 Transmitter Inhibit Signals (BC,RT)

The UT1553 BCRTMP contains two transmitter inhibit
signals (one for Channel A and one for Channel B) that
provide fail-safe timing for the 1553 buses. The signals
are active (TIMRONA for Channel A or TIMRONB for
Channel B) when the BCRTMP begins transmitting and
time out, or go inactive, 660 us later, if the BCRTMP has
not completed its transmission.

8.2.7 Immediate Clear Mode

The user sets bit 15 of Register 15 to enter the
Immediate Clear Mode. When set, this bit will cause the
BCRTMP to automatically clear all programmable status
bits after the BCRTMP transmits the RT status word.
When this bit is set, the first status word sent out

contains the programmable status bits as programmed by
either the Programmable Status Register (“A’ protocol,
MD4 = 0) or the RT Address Register (“B” protocol,
MD4 = 1). After status word transmission, all
programmable status bits are cleared automatically. The
exception to this occurs when the next command received
is the Transmit Status Word or Transmit Last Command
mode code. When either of these mode codes is
received, the BCRTMP will respond with the appropriate
status word from the previous valid command. This
feature applies to all operational modes.

8.2.8 Status Word Generation

As a result of the differing requirements for status words
in the various 1553 protocols, the BCRTMP must be
capable of generating the RT status word in a variety of
ways. It is appropriate to discuss the separate status word
bits individually in order to understand how the
BCRTMP generates these bits. The three status word
bits defined as “reserved” in MIL-STD-1553B are
handled identically by the BCRTMP, as shown below.
The action taken to generate all other status word bits
varies, depending on the mode in which the BCRTMP is
operating. In most cases, the BCRTMP generates the
status word bits in different ways depending on the
internal state of Operational Mode 4.

8.2.8.1 The Terminal Address Field

The Terminal Address field in the status word is always
provided in the same manner. The BCRTMP uses pins
RTAA4 to RTAO (or bits 4-0 of the Remote Terminal
Address Register) to generate the Remote Terminal
Address bits of the status word.

8.2.8.2 The Message Error Bit

If MD4 = 1, then the Message Error bit in the status
word is set if any 1553 Message Error condition (or
Illegal Command) occurs.

If MD4 = 0, then the Message Error bit in the status
word is set when any 1553 Message Error condition (or
Illegal Command) occurs or if bit 10 of Register 15 is set.

8.2.8.3 The Instrumentation Bit
If MD4 = 1, then the BCRTMP uses bit 15 of Register
10 to set the Instrumentation bit in the status word.

If MD4 = 0, then the BCRTMP uses bit 9 of Register 15
(the Programmable Status Register) to set the
Instrumentation bit in the status word.

8.2.8.4 The Service Request Bit
If MD4 = 1, then the BCRTMP uses bit 10 of Register
10 to set the Service Request bit in the status word.

If MD4 = 0, then the BCRTMP uses bit 8 of Register 15
(the Programmable Status Register) to set the Service
Request bit in the status word.

Also, the Service Request bit can be forced to reflect the
complement of the status word Busy bit (independent of
the internal state of MD4) if the user sets bit 12 of
Register 15 high.
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8.2.8.5 The MIL-STD-1553B “Reserved” Status

Word Bits

The BCRTMP always provides the MIL-STD-1553B
“Reserved” status word bit field (bit Times 12-14) in the
status word in the same manner. The BCRTMP uses bits
5-7 of the Register 15 to generate these bits (independent
of the internal state of MD4).

8.2.8.6 The Broadcast Command Received Bit

If MD4 = 1, then the Broadcast Command Received bit
in the status word is set when a Broadcast command is
received, if Broadcast is enabled.

If MD4 = 0, then the Broadcast Command Received bit
in the status word is set if bit 4 of the Programmable
Status Register is set high.

8.2.8.7 The Busy Bit

If MD4 = 1, then the Busy bit in the status word is set if
either bit 14 of Register 10 is set high or if the BCRTMP
is in the Forced Busy mode (see section 8.2.4 for a
discussion on entry to the Forced Busy mode). The
assertion of the Busy bit while in the Forced Busy mode
can be disabled if both bits 13 and 14 of Register 15 are
set high. Note that the Forced Busy mode is independent
of the internal state of MD4.

If MD4 = (, then the Busy bit in the Status Word is set
if either bit 14 of Register 10 or bit 3 of the
Programmable Status Register is set high, or if the
BCRTMP is in the Forced Busy mode.

8.2.8.8 The Subsystem Flag Bit

If MD4 = 1, then the Subsystem Flag bit in the status
word is set either if the user sets bit 13 of Register 10 or
asserts the SSYSF input of the BCRTMEP, or if a BIT
failure has occurred.

If MD4 = (, then the Subsystem Flag bit in the status
word is set if the user sets bit 2 of the Programmable
Status Register.

8.2.8.9 The Dynamic Bus Control Acceptance Bit

If MD4 = 1, the Dynamic Bus Control Acceptance bit in
the status word will be set when the BCRTMP receives a
Dynamic Bus Control Mode Code that is not a Broadcast
command, if the user has not illegalized that command
and has set bit 12 of Register 10 high.

8.2.8.10 The Terminal Flag Bit

If MD4 = 1, setting bit 11 of Register 10 or the
occurrence of a BIT failure will always set the Terminal
Flag bit in the status word.

If MD4 = (, setting bit 0 of the Programmable Status
Register will always set the Terminal Flag bit in the
status word.

Independent of the internal state of MD4, the following
conditions will also set the Terminal Flag bit in the status
word.

1) If bit 13 of Register 15 is “1”, and bit 14 of
Register 15 is “0”, then the Terminal Flag

bit in the status word is also set if the Busy
bit or the Subsystem Flag bit is set in
the status word.

2) Ifbit 13 of Register 15 is “0” and bit 14 of
Register 15 is “1”, then the Terminal Flag
bit in the status word is also set if any of
the status word bits are set.

Note that if the Terminal Flag bit has been inhibited by
Mode Code 6, this bit will not be set by any of the above
methods.

9.0 ExCEPTION HANDLING AND
INTERRUPT LOGGING
The exception handling scheme the BCRTMP uses is

based on an interrupt structure and provides a high
degree of flexibility in:

e defining the events that cause an interrupt,

e selecting between High-Priority and Standard
interrupts, and

e selecting the amount of interrupt history retained.

The interrupt structure consists of internal registers that
enable interrupt generation, control bits in the RT and
BC data structures (see the Remote Terminal Descriptor
Definition section, page 30, and the Bus Controller
Command Block definition, page 35), and an Interrupt
Log List that sequentially stores an interrupt events
record in system memory.

The BCRTMP generates the Interrupt Log List (see
figure 18) to allow the host CPU to view the Standard
Interrupt occurrences in chronological order. Each
Interrupt Log List entry contains three words. The first,
the Interrupt Status Word, indicates the type of interrupt
(entries are only for interrupts enabled). In the BC
mode, the second word is a Command Block Pointer that
refers to the corresponding Command Block. In the RT
mode, the second word is a Descriptor Pointer that refers
to the corresponding subaddress descriptor. The
CPU-initialized third word, a Tail Pointer, is read by the
BCRTMP to determine the next Interrupt Log List
address. The list length can be as long or as short as
required. The configuration of the Tail Pointers
determines the list length.

The host CPU initializes the list by setting the tail
pointers. This gives flexibility in the list capacity and the
ability to link the list around noncontiguous blocks of
memory. The host CPU sets the list’s starting address
using the Interrupt Log List Register. The BCRTMP
then updates this register with the address of the next list
entry.

BCRTMP-45



INTERRUPT LOG LIST INTERRUPT STATUS The internal High-Priority Interrupt Status/Reset
POINTER REGISTER WORD

Register indicates the cause of a High-Priority

COMMAND BLOCK Interrupt. The High-Priority Interrupt signal is
POINTER reset by writing a “1” to the set bits in this register.
ENTRY #1 SUBADDRESS/MODE
CODE DESCRIPTOR The interrupt structure also uses three BCRTMP-
POINTER driven output signals to indicate when an interrupt
TAIL POINTER event occurs:

STDINTL  Standard Interrupt Level. This
signal is asserted when one or more
of the events enabled in the Standard
Interrupt Enable Register occurs. Clear
the signal by resetting the Standard
Interrupt bit in the High-Priority
Interrupt Status/Reset Register.
STDINTP  Standard Interrupt Pulse. This signal
is pulsed for each occurrence of an
event enabled in the Standard Interrupt
ENTRY #3 Enable Register.
Q HPINT High-Priority Interrupt. This signal is

ENTRY #2

asserted for each occurrence of an
event enabled in the High-Priority
Figure 18. Interrupt Log List Interrupt/Enable Register. Writing to the
corresponding bit in the High-Priority
Status/Reset Register resets it.

Interrupt Status Word Definition
All bits in the Interrupt Status Word are active high and have the following functions:

BIT 15

BIT 14

BIT 13
BITs 12-8
BIT 7

BIT 6

BIT 5

BIT 4

BIT3
BIT 2
BIT 1
BIT O

Interrupt Status Word Accessed. The BCRTMP always sets this bit during the DMA Write of the
Interrupt Status Word. If the CPU resets this bit after reading the Interrupt Status Word, the bit
can help the CPU determine which entries have been acknowledged.

No Response Time-Out (Message Error condition). Further defines the Message Error condition to
indicate that a Response Time-Out condition has occurred.

(RT) Message Error (ME). Indicates the ME bit was set in the 1553 status word response.
Reserved.

(RT) Subaddress Event or Mode Code with Data Word Interrupt. Indicates a descriptor control
word has been accessed with either an Interrupt Upon Valid Command Received bit set or an
Interrupt when Index=0 bit set (and the Index is decremented to 0).

(RT) Mode Code Interrupt. Indicates a mode code has occurred with an Interrupt When
Addressed interrupt enabled.

(RT) Illegal Broadcast Command. Applies to receive commands only. This bit indicates that a
received command, due to an illegal mode code or subaddress field, has been received in the
broadcast mode. This does not include invalid commands.

(RT) Illegal Command. This indicates that an illegal command has occurred due to an illegal
mode code or subaddress and T/R field. This does not include invalid commands.

(BC) Polling Comparison Match. Indicates a polling comparison interrupt.
(BC) Retry Fail. Indicates all the programmed retries have failed.
(BC,RT) Message Error. Indicates a Message Error has occurred.

(BC) Interrupt and Continue. This corresponds to the interrupt and continue
function described in the Command Block.
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Table 2. BCRTMP Automatic Mode Code Execution

T/R Mode Function Automatic
Bit Code Execution

1 00000 Dynamic Bus Control No, Note 1
1 00001 Synchronize (without Data Word) No, Note 2
1 00010 Transmit Status Word Yes

1 00011 Initiate Self-Test Yes

1 00100 Transmitter Shutdown Yes

1 00101 Opverride Transmitter Shutdown Yes

1 00110 Inhibit Terminal Flag Bit Yes

1 00111 Override Inhibit Terminal Flag Bit Yes

1 01000 Reset Remote Terminal Yes

1 01001 Reserved Note 3

1 01010 Reserved Note 3

1 01011 Reserved Note 3

1 01100 Reserved Note 3

1 01101 Reserved Note 3

1 01110 Reserved Note 3

1 01111 Reserved Note 3

1 10000 Transmit Vector Word Yes, Note 5
0 10001 Synchronize (with Data Word) No, Note 2
1 10010 Transmit Last Command Yes

1 10011 Transmit BIT Word Yes

0 10100 Selected Transmitter Shutdown No, Note 4
0 10101 Override Selected Transmitter Shutdown No, Note 4
Oor1l 10110 Reserved Note 3
OQor1l 10111 Reserved Note 3
Oor1l 11000 Reserved Note 3
Oorl 11001 Reserved Note 3
Oor1l 11010 Reserved Note 3
Qor1l 11011 Reserved Note 3
OQor1l 11100 Reserved Note 3
Oor1 11101 Reserved Note 3
Qorl 11110 Reserved Note 3
Oorl 11111 Reserved Note 3

Notes:

1. If the Dynamic Bus Control Enable bit in the RT Address Register (bit 12 of Register 10) is set, then a high priority interrupt
can occur (if enabled in Register 7) and the Dynamic Bus Control Acceptance bit is set in the status word.

Rabal o

with data (except mode codes 18 and 19).

As with any subaddress or mode code, an interrupt can be caused and used for synchronization purposes.
These mode codes can be used, but the BCRTMP will not automatically execute them. The designer can enable an interrupt to
occur on the reception of the mode code.
The host CPU is responsible for shutting down a bus in a more than dual-redundant system.
For the Transmit Vector Word Mode Code, the BCRTMP must access memory for the Vector Word, as with other mode codes
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to illustrate the operation of these signals.
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BCRTMP J ooy 3 > 200 5. These times depend on the DMAG response time.
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COMMAND WORD I—-l———-—{i 5 l 1 I 5 | 5 J 1J
SYNC REMOTE TERMINAL T/R SUBADDRESS/ DATA WORD P
ADDRESS MODE COUNT/MODE CODE
oxrawors  ——f—1 H
| SYNC I DATA | P |
status woro NN HEREEN
REMOTETERMINAL | § | 2z | & 81 x1 9181 ¢
SYNC [ RESERVED
I ADDRESS |§l8|§| |§ 2 2] 2|3 %
A e FFgf
2 & w o o 8 s
. o 3 O > 2 2
Note: e 3 S g 2 35 &
. . o0 ['d -
T/R - transmit/receive b3 = In] s ] 3
P - parity 2 © 9 E
z ° Z
: :
Q =]
2 o
Figure 20. MIL-STD-1553B Word Formats g §
a
10.0 OPERATING CONDITIONS*
(Referenced to Vsg)
SYMBOL PARAMETER LIMITS UNIT
Vbp DC supply voltage -0.3 to +7.0 \'%
V1o Voltage on any pin -0.3 to Vpp+0.3 \'
I; DC input current +10 mA
Tstg Storage temperature -65 to +150 °c
Timax Maximum junction temperature +175 °c
Pp Average power dissipation (1) 300 mW
B¢ Thermal resistance, junction-to-case 12 °C/Watt

Notes:
1. Does not reflect the added Pp due to an output short-circuited.

* Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond limits indicated in the operational sections of this
spc-i:ciﬁcalion is not recommended. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
Vpp DC supply voltage 4.5t05.5 \'
Tc Temperature range -55 to +125 °c
Fy Operating frequency 12 +.01% MHz
11.0 DC ELECTRICAL CHARACTERISTICS
(Vpp - 5.0V +/-10%; -55°C < Tc < + 125°C)
SYMBOL PARAMETER CONDITION MINIMUM MAXIMUM | UNIT
Vi Low-level input voltage 0.8 v
TTL inputs
Vi High-level input voltage 2.0 \'%
TTL inputs
I Input leakage current
N TTL inputs Vin = Vop or Vss -1 1 A
Inputs with pull-up resistors |VIN = Vbp -1 1 pA
Inputs with pull-up resistors [N = Vss =550 -80 HA
VoL Low-level output voltage
TTL outputs IoL = 3.2 mA 0.4 \Y
CMOS outputs IoL = 50 pA Vss +.1 \%4
Vou High-level output voltage v
TTL outputs Iog = -400 pA 2.4 v
CMOS outputs Iog =50 nA VDD -.1
Ioz Three-state output leakage
current
TTL outputs Vo = Yop or Vsg -10 10 nA
Ios Short-circuit output current Vbp = 5.5 V, Vo = VDb
’ Vpp = 5.5V, Vo =0V 100 mA
DD = 2.2V, VO = -100 mA
Cin Input capacitance (3) F=1MHz@0V 10 pF
Cour | Output capacitance (3) F=1MHz@ 0V 15 pF
Cio Bidirect I/O capacitance (3) F=1MHz@0V 20 pF
Ipp Average operating current (1,4) |F = 12 MHz, G =50 pF 50 mA
Qlpp Quiescent current See Note S 3 mA
Notes:

N LN

. Supplied as a design limit, but not guaranteed or tested.

. Not more than one output may be shorted at a time for a maximum duration of one second.

. Measured only for initial qualification, and after process or design changes which may affect input/output capacitance.

. Includes current through input pull-up. Instantaneous surge currents on the order of 1 ampere can occur during output switching.
Voltage supply should be adequately sized and decoupled to handle a large current surge.

. All inputs with internal pull-ups should be left floating. All other inputs should be tied high or low.
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12.0 AC ELECTRICAL CHARACTERISTICS
(Over recommended operating conditions)

WMIN — — — — —— e e — —— —V, MN
1 1
INPUTV max=—== == O ()\kkt_l;h____———————v"_ MAX
fla , —_—— — — — — — _VguMIN
IN-PHASE @ (2)‘{ e
OUTPUT I | VoL MAX

OUT-OF-PHASE
out | == = = == = = =VouMN
%,ijm lmz{ - - _-Z

ety Vo MAX

BUS | | >—J< ————— VorMIN
: ié— 7 l VoL MAX
K tg |
k th |
SYMBOL PARAMETER
13 INPUT 1 to response 1
ty INPUT ' to response
te INPUT 1 to response
ty INPUT ' to response 1
te INPUT ' to data valid
1 INPUT  to high Z
tq INPUT A to high Z
th INPUT /1 to data valid
Notes:

1. Timing measurements made at (Viy MIN + Vi, MAX)/2.

2. Timing measurements made at (VoL MAX + Vou MIN)/2.

3. Based on 50 pF load.

4. Unless otherwise noted, all AC electrical characteristics are guaranteed by design or characterization.

Figure 21. Typical Timing Measurements
5V

IREF (source)

3V

oV

IREF (sink) <2ns <2ns

Input Pulses
Output Loading

Note:
50 pF including scope probe and test socket

Figure 22. AC Test Loads and Input Waveforms
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& DMA GRANT RECOGNIZED ON THIS EDGE

MCLKD2 ] [ lt L [ l | | | | [ L
—_ sHL1 Y &
DMAR 77777/ V7777770777
DMAG t | | l
_ tpw2 3
DMACK //////(////////// VI /77
TSCTL T i | I
— I I
MEMCSO ’ | | [ —
I |
I

D 1
ADDRESS : : | : < S >
DATA | | i " | > d_
RWR/RRD I . l H | T | | .
2 | lo! L |
AEN | 1 o P

1 I 1
BURST | 9i Ie. tpHLY teziy i | ]
toozuisl | : tHiHz >«
tpHLe

SYMBOL PARAMETER MIN MAX UNITS

tsHL1 DWACRV to DMAR High Impedance 0 10 ns

teHLr (1) DNMAG o DMACK_V _ See note 3 0 45 ns

teHL2 DWAG Vo TSCIL V 2xMCLK 4xMCLK ns

tpzL1 TSCTLYV to ADDRESS valid 0 40 ns

tHLH2 RWR/RRD_Tto DMACK High Impedance THMC1-10 | THMC1+10 ns

tPHLs TSCTL YV to RWR/RRD_V MCLK-20 | MCLK+20 | ns

thws pviag Wo owag T MCLK 6xMCLK | ns

toozL PMAR Yto BURST T 0 10 ns

tpHLe DMAR to DMAG WV See notes 4, 6 0 3.5 (1.9) us

tpHLg DMAR “Vto DMAG_ Vv See notes 5, 6 0 1.9 (0.8) ps

Notes:

1. Guaranteed by test.

2. See figures 24 and 25 for detailed DMA read and write timing.
3

AG must be asserted at least 45 ns prior to the rising edge of MCLKD?2 in order to be rec for the next

. ognized
MCLKD2 cycle If DMAG is not asserted at least 45 ns prior to the rising edge of MCLKD2, I§'MKG is not recognized until the

following MCLKD?2 cycle.
4. Provided MCLK = 12 MHz. Number in parentheses indicates the longes DMAR Vto DMAG V allowed during worst-case

bus switching conditions in order to meet MIL-STD-1553B RT Response Time. The number not in parentheses applies to
all other circumstances.

5. Provided MCLK = 6 MHz. Number in parentheses indicates the longest DMAR ¥ to DMAG \V allowed during worst-case

bus switching conditions in order to meet MIL-STD-1553B RT Response Time. The number not in parentheses applies to
all other circumstances.

6. The maximum limit for this specification applies only when using DMA Legalization (MDO0=1).
MCLK = period of the memory clock cycle.

BURST signal is for multiple-word DMA accesses.
THMCI1 is equivalent to the positive phase of MCLK (see figure 24).

Figure 23. BURST DMA Timing
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{PLH1 fioHL,

THMC1  THMC2
MCLK S R S
| [ i
L
MCLKD2 : i | : | B
TSCTL 1 |
: L | |
MEMCSO " i I —
Iy |
- PLH2E
ADDRESS @< : %: )K_—_tﬂ'_z_z__
l u l
DATA : " { D
e : L =
L__Ei__”'-‘r : et 4k tHiz
K t pwi 3
SYMBOL PARAMETER MIN MAX UNITS
tsHL ADDRESS valid to RRD (ADDRESS setup) [THMC2-20 | THMC2 ns
towi RRDV to RRD 1 MCLK-5 | MCLK+5 ns
tyize RRD ™Mo ADDRESS High Impedance (ADDRESS hold) |THMC1-10| THMC1 ns
thiz RRD Mo DATA High Impedance (DATA hold) 5 - ns
tsLH DATA valid to RRD (DATA setup) 40 - ns
teLH1 (1) | MCLK Mo MCLKD2 0 40 ns
teLH2 MCLK /M to TSCTL/MEMCSO 0 40 ns
tioHL1 (1)| MCLK Mo RRD 0 60 ns

Note:
1. Guaranteed by test.

Figure 24. BCRTMP DMA Read Timing (One-Word Read)
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teLH YioHLy L THMC1 4 THMC2
MCLK : —>' " N N 2

5 LI

|
MCLKD2
! |
] ! | L
TSCTL : | I________
I f
MEMCSO ! | ——
_9: teLHz ;
! Atz K
ADDRESS @k ; | Ny
X I
DATA : ]I l\F ! T
RWR | | : ! |
R L iz
———— A toozLr ¢ K——
© PW1 N}
N 7
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 ADDRESS valid to RWR (ADDRESS setup)| THMC2-20 | THMC2 ns
toozLi(1) | RWRW to DATA valid 0 30 ns
thiz1 RWR to DATA High Impedance (DATA hold) THMC1-20| THMC1 ns
thizz RWR to ADDRESS High Impedance (ADDRESS hold) |THMC1-20 | THMC1 ns
thwi AWR Vto RWR N MCLK-5 | MCLK+5 ns
tpLHt (1) |MCLK Mo MCLKD2 4 0 40 ns
tpLH2 MCLK Mo TSCTL/MEMCSO 0 40 ns
tionL1 (1) [MCLK Mo RWR 0 60 ns
Note:

1. Guaranteed by test.

Figure 25. BCRTMP DMA Write Timing (One-Word Write)
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< n |
[ 00ZH2 | ;
t HLH1
| |, O0ZH1 L X
I 7 A | N
} i 1
ADDRESS < } ' " /
' l— N
DATA T } A
RD+CS ————-L——__J : [
v L tHLH2
P otewr 1 tewe N
AY 7,
| |
SYMBOL PARAMETER MIN MAX UNITS
toozH2 ADDRESS valid to DATA valid - 80 ns
thinz RD+CS Tto DATA High Impedance (DATA hold) 5 50 ns
toozni (1)| RD+CS Vto DATA valid (DATA access) - 60 ns
tHLH RD+CS Tto ADDRESS High Impedance  (ADDRESS hold)| 5 - ns
tpw1 RD+CS Vto RD+CS T 60 - ns
tpwa RD+CS To RD+CS Vv 80 - ns
Notes:
1. Guaranteed by test.
2. User must adhere to both tOOZH1 and tOOZH2 timing constraints to ensure valid data.
Figure 26. BCRTMP Register Read Timing
tsHLt thwi thihe
k 3
ADDRESS _|< ) N\

A U N

sk
X
|
]
1
|

DATA _ >——
WR+CS —L—_ﬁ:— ]'
. N
HLH1 |
A s |
SLH1 ¢ A
|
SYMBOL PARAMETER MIN MAX UNITS
tsHL1 ADDRESS valid to WR+CS (ADDRESS setup) 60 = ns
tsLH1 DATA valid to WR+CS D (DATA setup) 60 - ns
trwi WR+CSY to WR+CS T 60 - ns
tHLH WR+C3 to DATA High Impedance (DATA hold) 10 - ns
tHLH2 WR+E3™ to ADDRESS High Impedance (ADDRESS hold) 10 - ns
tpwa WR+C3 ™ to WR+ES Vv 80 - ns

Figure 27. BCRTMP Register Write Timing
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tpLHY

3k

|

|
D
O

WR & f‘
RWA . !

PLH | I
T

L ]

m—sﬁ__'[ ——

SYMBOL PARAMETER MIN MAX UNITS

teLH1 (1) RD Vto RRD V 0 30 ns

thihe (1) WRY to RWR ¥V 0 30 ns

tpLHs (1) MEMCSI Vto MEMCSO V¥ 0 30 ns
Note:

1. Guaranteed by test.

Figure 28. BCRTMP Dual-Port Interface Timing Delays

tpzL
s
MANCHESII:chl IDH ID!
DMA 1 [ 1
ACTIVITY L L.
SYMBOL PARAMETER MIN MAX UNITS
tpz14 Data word to DMA activity 0 4 us

This diagram indicates the relationship between the incoming Manchester code and DMA activity (i.e., DMAR |, to DMACK ).

Note:
The pulsewidth = (11 ps -tpma -tpzr1) Where tpyma is the time to complete DMA activity (i.e., DMARY, to DMACK" ).

Figure 29. DMA Activity (RT Mode)
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teLH2
3k

VTSR N e T e e Y Y e s Y O o O
mcLko2____ | | | | | | |
omar [////11/ 11111111/} V7777777777777 /777777

DVAG | L]

| |
DMAGO ! il : :
|
_ |
DMACK 77777777;72777777777727777;?77772277777’ |
Ly Sk
teHL tsHL1
SYMBOL PARAMETER MIN MAX | UNITS
PHL1 to ns
! oMAG Vto BMAGD V 0 30
tshu BMACK V1o DMAR High Impedance 0 10 ns
Yooz (1) | merk Mo meLkpz A 0 40 ns

Notes:
1. Guaranteed by test.
2. When DMAG is asserted before DMAR, the DMAG signal passes through the BCRTMP as DMAGO.

Figure 30. BCRTMP Arbitration when DMAG is Asserted before Arbitration
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|

I
I
e tpw1 gl
l
LGLEN \?\ /./
I !
I I
I thi [ T thizg
I T
I
LGLCMD : | 1 :
| I
T I
\ I
PltHLH 1 ity
T ! : T
LGLO0-10 X
SYMBOL PARAMETER MIN MAX | UNITS
tpwi LGLEN |, to LGLEN A (Pulse width) 750 — ns
t HLHT LGLEN \/ to Legalization Bus Valid — 200 ns
tsin LGLCMD A to LGLEN A (Setup Time) — 100 ns
t HLZ1 LGLEN /[\ to LGLCMD Invalid (Hold Time) 0 —_— ns
t HLH2 Legalization Bus Validvto LGLCMD 'I\ (Setup Time) —_— 450 ns

Figure 31. BCRTMP Legalization Bus Timing
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DMAG | l

DMACK ///////////////,/////////II V77777
— [l
RWR t T
| , [ e
o " ]
- I |
TSCTL | | ] : —
| | | X
BURST [ | , i
| | I |
STDINTL T 1 I "
| | | [
STDINTP f T f ;
: toomLr ! tooLHt F=—
| . | tPwi
!( OOHL2 3
SYMBOL PARAMETER MIN MAX UNITS
tooLH1 TSCTLA to STDINTP/STDINTL - 1 us
tewy STDINTPY to STDINTP 4 320 340 ns
tooHL1 DMACK+\ to RWR 3xMCLK-10 5xMCLK ns
tooHL2 DMAG ‘o STOINTL ¥ 8xMCLK+0.5 |10xMCLK+1 | ns

Note:
Address and data bus relationships (not shown) are identical to figure 23.

Figure 32. BCRTMP Interrupt Log List Entry Operation Timing
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13.0 PACKAGE OUTLINE DRAWINGS
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BCRTMP Flatpack Identification (Top View)

Figure 33a.
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A1
A2
A3
A4
A5
AB
A7
A8
A9
A10 -
A1t -
A12 -
A13 -
Al4 -
A15 -

F1 -
F2 -
F3 -
F13 -
F14 -
F15 -

NC B1
LGL2 B2
D14 B3
D13 B4
D12 B5
D8 B6
D7 B7
D6 B8
D4 B9
D3 B10
NC _ B11
CHA/B  B12
BCRTSEL B13
NC B14
NC B15
LGLEN Gt
LGLCMD G2
MC G3
DMAG G13
DMAR  G14 -
RRD G15 -

NC
NC
MD5

- MD7

NC

- A4
- A5
- A7

RIOOOOOOOOOOOOOOO
110]0]0]0]0]0]0]0]0]0]0]0]0]0]e)
1[0]010]0I0]010]010I0]0]0]0]0]e,
mOOO 0]0]0;
LIOOO OO0
K1OOO OO0
OO0 0]0]0
HIOOO OO0
¢ OO0 OO0
FIOOO OO0
E OOO .~ REGISTRATION PIN OOO
eole] | OO0
1 10]0]0]0]0]0[0]0]0]0]0]0[0]0]0)
- 0]0]0]0]010]0]0]0]0]0]0]0]0]e)
N[0]0]0]0]0]0]0]0]0]0]0]0]0]0]0,
1 2 3 4 5 6 7 8 910 11 12 13 14 15
NC C1 - LGLS N1 - MDO2 p1 - MDO6 R
LGL5 C2 - LGL6 N2 - MDO5 p2 - MD1 R2
LGL1 C3 - LGL4 N3 - MDO P3 - MD2 R3
D15 C4 - LGL3 N4 - NC P4 - MD3 R4
NC C5 - LGLO N5 - MD4 P5 - MD6 R5
D10 Cc6 - D11 N6 - AO P68 - Al R6
D9 C7 - VDD N7 - A3 P7 - A2 R7
D5 C8 - Vss N8 - Vss P8 - A8 R8
D1 C9 - D2 NS - VDD P9 - A10 R9
DO C10 - COMSTR N10 - A12 P10 - A11 R10
EXTOVR C11- TIMRONB N11 - RTA1  p11 - NC R11
TIMRONA C12 - NC N12 - RTA4  p12 - RTAO R12 -
HPINT C13 - STDINTL N13 - RTPTY p13 - RTA2 R13 -
STDINTP C14 - FBUSY N14 - RAZ P14 - RAO R14 -
BUSYACK C15 - TSCTL  N15 - RBO P15 - NC R15 -
SSYSF  H1 - NC J1 - CLK K1 - ALTWRAPL1
ERR H2 - BCRTF J2 - WRAPF K2 - WRAPEN L2
DOMC  H3 - VDD J3 - Vss K3 - MRST L3
VDD H13 - Vss J13 - AEN K13 - TBZ L13
RWR H14 - WR J14 - TEST K14 - MCLK  L14
MEMCSO H15 - MEMCS! J15 - RD K15 - CS L15

A8
A9
A13
A14
A15
RTA3
NC

MDOO
NC
MDO4
TAZ
RBZ
NC

Figure 33b. BCRTMP Pingrid Array Pin Identification (Bottom View)

D1
D2
D3
D4 -
D13 -
D14 -
D15 -
E1 -
E2 -
E3 -
E13 -
E14 -
E15 -

M1 -
M2 -
M3 -
M13 -
M14 -
M15 -

BRDCAST
LGL7

NC

NC
ACTIVE
BURST
DMACK
NC
LGL10
LGL8
DMAGO
NC
MCLKD2

MDO1
MDO3
LOCK
NC
TAO
TBO
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N2
%1 UT1553B RTR Remote Terminal with RAM

FEATURES

O Complete MIL-STD-1553B remote terminal interface

[0 1K x 16 of on-chip static RAM for message data,
completely accessible to host

O Self-test capability, including continuous loop-back
compare

O

Programmable memory mapping via pointers for

efficient use of internal memory, including buffering
multiple messages per subaddress

o o O

RT-RT Terminal Address Compare

Command word stored with incoming data for
enhanced data management

User selectable RAM Busy (RBUSY) signal for
slow or fast processor interfacing

Full military operating temperature range, -55°C to

+125°C, screened to the specific test methods
listed in Table I of MIL-STD-883, Method 5004,
Class B, also Standard Military Drawing available

[0 Available in 68-pin pingrid array, and 68-lead
leadless chip carrier packages

OUTPUT MULTIPLEXING AND
SELF-TEST WRAPAROUND LOGIC

LA/

INTRODUCTION

The UT1553B RTR is a monolithic CMOS VLSI solution
to the requirements of the dual-redundant
MIL-STD-1553B interface. Designed to reduce cost and
space, the RTR integrates the remote terminal logic with
a user-configured 1K x 16 static RAM. In addition, the
RTR has a flexible subsystem interface to permit use with
most processors or controllers.

The RTR provides all protocol, data handling, error
checking, and memory control functions, as well as
comprehensive self-test capabilities. The RTR’s memory
meets all of MIL-STD-1553B message storage needs
through user-defined memory mapping. This
memory-mapped architecture allows multiple message
buffering at each subaddress.

\A

I 3

MCSA(4:0) RTA(4:0) CONTROL
MODE CODE/  REMOTE TERMINAL  INPUTS
SUBADDRESS  ADDRESS
J! STATUS
OUTPUTS
»| COMMAND CONTROL AND
DECODER r RECOGNITION ~ ERRORLOGIC —*
DECODER -;J - > 1K X 16 RAM
' ADDR(9:0)
MUX <+
ENCODER | PTR REGISTER
CLOCK AND RESET |12MHz
LOGIC
DAT. : |-
ATA(15:0) RESET

v
2MHz

Figure 1. UT1553B RTR Functional Block Diagram
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1.0 ARCHITECTURE AND OPERATION

The UT1553B RTR is an interface device linking a
MIL-STD-1553 serial data bus and a host microprocessor
system. The RTR’s MIL-STD-1553B interface includes
encoding/decoding logic, error detection, command
recognition, 1K x 16 of SRAM, pointer registers, clock,
and reset circuits.

1.1 Memory Map and Host Memory Interface

The host can access the 1K x 16 RAM memory like a
standard RAM device through the 10-bit address and
16-bit data buses. The host uses the Chip Select (CS),
Read/Write (RD/WR), and Output Enable (OE ) signals
to control data transfer to and from memory. When the
RTR requires access to its own internal RAM, it asserts

the RBUSY signal to alert the host. The RBUSY signal

is programmable via the internal Control Register to be

asserted either 5.7 ps or 2.7 us prior to the RTR needing
access to its internal RAM.

The RTR stores MIL-STD-1553B messages in 1K x 16 of
on-chip RAM. For efficient use of the 1K x 16 memory
on the RTR, the host programs a set of pointers to map
where the 1553B message is stored. The RTR uses the
upper 64 words (address 3CO0 (hex) through 3FF (hex)) as
pointers. The RTR provides pointers for all 30 receive
subaddresses, all 30 transmit subaddresses, and four
mode code commands with associated data words as
defined in MIL-STD-1553B. The remaining 960 words of
memory contain receive, transmit, and mode code data in
a host-defined structure.

RTR Memory Map
Message 000 (hex)
Storage
Locations ® ®
° °
° °
3BF(hex)
15 MSB 0LSB
XMIT VECTOR WORD MODE CODE (W/DATA) 3C0 (hex)
Recelve RCV SUBADDRESS 01 3C1 (hex)
Message
Pointers o *
(3C1 TO 3DE) ° °
® ®
RCV SUBADDRESS 30
SYNCHRONIZE MODE CODE (W/DATA) 3oF oo
15 MSB o0LsB
XMIT LAST COMMAND MODE CODE (W/DATA) 3E0 (hex)
Transmit 1 XMT SUBADDRESS 01 [ 3E1 (hex)
Message
Pointers i e
(3E1 TO 3FE) ® e
° °
XMT SUBADDRESS 30 3FE (hex)
XMT BIT WORD MODE CODE (W/DATA) 3FF (hex)
15 MSB 0LsB

Figure 2. RTR Memory Map
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1.2 RTR RAM Pointer Structure
The RAM 16-bit pointers have a 6-bit index field and a
10-bit address field. The 6-bit index field allows for the

storage of up to 64 messages per subaddress. A message
consists of the 1553 command word and its associated

data words.

MESSAGE INDEX

MESSAGE DATA ADDRESS

15 (MSB) 10 9

Message Index:

Defines the maximum
messages buffered for the
given subaddress.

Message Data Address:

0 (LSB)

Indicates the starting memory
address for incoming message

storage.

Figure 3. Message Pointer Structure

The 16-bit pointer for Transmit Last Command Mode
Code is located at memory location 3EOQ (hex). The
Transmit Last Command Mode Code pointer buffers up
to 63 command words. An example of command word
storage follows:

Example:
3EQ (hex) Contents = FC00 (hex)
11 1111 00 0000 0000

Address Field = 000 (hex)
Index Field = 3F (hex)

First command word storage location (3E0=F801):

Address Field = 001 (hex)
Index Field = 3E (hex)

Sixty-third command word storage location (3E0=003F):

Address Field = 03F (hex)
Index Field = 00 (hex)

Sixty-fourth command word storage location (3E0=003F)
(previous command word overwritten):

Address Field = 03F (hex)
Index Field = 00 (hex)

The Transmit Last Command Mode Code has Address
Field boundary conditions for the location of command
word buffers. The host can allocate a maximum 63
sequential locations following the Address Field starting
address. For proper operation, the Address Field must
start on an I x 40 (hex) address boundary, where I is
greater than or equal to zero and less than or equal to
14. A list of valid Index and Address Fields follows:

]

Valid Index Fields

Valid Address Fields

3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
3F (hex) to 00 (hex)
10 | 3F (hex) to 00 (hex)
11 | 3F (hex) to 00 (hex)
12 | 3F (hex) to 00 (hex)
13 | 3F (hex) to 00 (hex)

VOB WN=O

14 | 3F (hex) to 00 (hex)

000 (hex) to 03F (hex)
040 (hex) to 07F (hex)
080 (hex) to OBF (hex)
0CO (hex) to OFF (hex)
100 (hex) to 13F (hex)
140 (hex) to 17F (hex)
180 (hex) to 1BF (hex)
1C0 (hex) to 1FF (hex)
200 (hex) to 23F (hex)
240 (hex) to 27F (hex)
280 (hex) to 2BF (hex)
2C0 (hex) to 2FF (hex)
300 (hex) to 33F (hex)
340 (hex) to 37F (hex)
380 (hex) to 3BF (hex)
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Subaddress/Mode Code RAM Location Subaddress/Mode Code RAM Location
Transmit Vector Word Mode Code 3C0 (hex) Transmit Last Command Mode Code  3EOQ (hex)
Receive Subaddress 01 3C1 (hex) Transmit Subaddress 01 3E1 (hex)
Receive Subaddress 02 3C2 (hex) Transmit Subaddress 02 3E2 (hex)
Receive Subaddress 03 3C3 (hex) Transmit Subaddress 03 3E3 (hex)
Receive Subaddress 04 3C4 (hex) Transmit Subaddress 04 3E4 (hex)
Receive Subaddress 05 3CS (hex) Transmit Subaddress 05 3ES (hex)
Receive Subaddress 06 3C6 (hex) Transmit Subaddress 06 3E6 (hex)
Receive Subaddress 07 3C7 (hex) Transmit Subaddress 07 3E7 (hex)
Receive Subaddress 08 3C8 (hex) Transmit Subaddress 08 3E8 (hex)
Receive Subaddress 09 3C9 (hex) Transmit Subaddress 09 3E9 (hex)
Receive Subaddress 10 3CA (hex) Transmit Subaddress 10 3EA (hex)
Receive Subaddress 11 3CB (hex) Transmit Subaddress 11 3EB (hex)
Receive Subaddress 12 3CC (hex) Transmit Subaddress 12 3EC (hex)
Receive Subaddress 13 3CD (hex) Transmit Subaddress 13 3ED (hex)
Receive Subaddress 14 3CE (hex) Transmit Subaddress 14 3EE (hex)
Receive Subaddress 15 3CF (hex) Transmit Subaddress 15 3EF (hex)
Receive Subaddress 16 3D0 (hex) Transmit Subaddress 16 3F0 (hex)
Receive Subaddress 17 3D1 (hex) Transmit Subaddress 17 3F1 (hex)
Receive Subaddress 18 3D2 (hex) Transmit Subaddress 18 3F2 (hex)
Receive Subaddress 19 3D3 (hex) Transmit Subaddress 19 3F3 (hex)
Receive Subaddress 20 3D4 (hex) Transmit Subaddress 20 3F4 (hex)
Receive Subaddress 21 3DS5 (hex) Transmit Subaddress 21 3F5 (hex)
Receive Subaddress 22 3D6 (hex) Transmit Subaddress 22 3F6 (hex)
Receive Subaddress 23 3D7 (hex) Transmit Subaddress 23 3F7 (hex)
Receive Subaddress 24 3D8 (hex) Transmit Subaddress 24 3F8 (hex)
Receive Subaddress 25 3D9 (hex) Transmit Subaddress 25 3F9 (hex)
Receive Subaddress 26 3DA (hex) Transmit Subaddress 26 3FA (hex)
Receive Subaddress 27 3DB (hex) Transmit Subaddress 27 3FB (hex)
Receive Subaddress 28 3DC (hex) Transmit Subaddress 28 3FC (hex)
Receive Subaddress 29 3DD (hex) Transmit Subaddress 29 3FD (hex)
Receive Subaddress 30 3DE (hex) Transmit Subaddress 30 3FE (hex)
Synchronize w/Data Word Mode Code Transmit Bit Word Mode Code 3FF (hex)

3DF (hex)
1.3 Internal Registers MIL-STD-1553B status word, enables the biphase inputs,
The RTR uses two internal registers to allow the host to recognizes broadcast commands, determines RAM Busy
control the RTR operation and monitor its status. The (RBUSY) timing, selects terminal active flag, and puts
host uses the Control (CTRL) signal along with Chip the part in self-test mode. The Status Register supplies
Select (CS), Read/Write (RD/WR), and Output Enable operational status of the UT1553B RTR to the host.
(OE) to read the 16-bit Status Register or write to the These registers must be initialized before attempting
11-bit Control Register. No address data is needed to RTR operation. Internal registers can be accessed while
select a register. The Control Register toggles bits in the RBUSY is active.
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Control Register (Write Only)

The 11-bit write-only Control Register manages the operation of the RTR. Write to the Control Register by applying a
logic one to OE , and a logic zero to CTRL, CS, and RD/WR. Data is loaded into the Control Register via I/O pins
DATA(12:0). Control register write must occur 50 ns before the rising edge of COMSIR to latch data into outgoing

status word.
Bit
Number

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Bit 8

Bit 9

Bit 10
Bit 11
Bit 12

Initial

Condition

(11
(1
[0]
(1

[0]

(0]

(0]

[0]

[0]

(1

X]
[x]
(1

Description

Channel A Enable. A logic 1 enables Channel A biphase inputs.
Channel B Enable. A logic 1 enables Channel B biphase inputs.
Terminal Flag. A logic 1 sets the Terminal Flag bit of the Status Word.

System Busy. A logic 1 sets the Busy bit of the Status Word and limits
RTR access to the memory. No data words can be retrieved or stored;
command words will be stored.

Subsystem Busy. A logic 1 sets the Subsystem Flag bit of the Status Word.

Self-Test Channel Select. This bit selects which channel the self-test
checks; a logic 1 selects Channel A and a logic 0 selects Channel B.

Self-Test Enable. A logic 1 places the RTR in the internal self-test mode
and inhibits normal operation. Channels A and B should be disabled if
self-test is chosen.

Service Request. A logic 1 sets the Service Request bit of the Status
Word.

Instrumentation. A logic 1 sets the Instrumentation bit of the Status
Word.

Broadcast Enable. A logic 1 enables the RTR to recognize broadcast
commands.

Do not care.
Do not care.

RBUSY Time Select. A logic 1 selects a 5.7 us RBUSY alert; a logic 0
selects a 2.7 us RBUSY alert.

[1 - Values in parentheses indicate the initialized values of these bits.

CONTROL REGISTER (WRITE ONLY):

X | X | X |[RBUSY| X | X |BCEN| INS |SRQ |ITST |ITCS |SUBS|BUSY| TF |CHB|CHA
TS EN |EN
[l (11 [ o (o (o [o1 n1 [ nronl

MSB LsB

[ ] defines reset state

X do not care

Figure 4a. Control Register
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Status Register (Read Only)
The 16-bit read-only Status Register provides the RTR system status. Read the Status Register by applying a logic 0 to
CTRL, CS, and OE, and a logic 1 to RD/WR. The 16-bit contents of the Status Register are read from data I/O pins

DATA(15:0).

Bit

Number

Bit 0
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5

Bit 6

Bit 7

Bit 8

Bit 9

Bit 10

Bit 11

Bit 12

Bit 13

Bit 14

Bit 15

Initial

Condition

(0]
[0]
[0]
[0]
[0)
[0)

(1
0]
(1
{1

(1
[0]
(0]

(0]

[0]

(0]

Description

MCSAO. The LSB of the mode code or subaddress as indicated by the
logic state of bit 5.

MCSAL. Mode code or subaddress as indicated by the logic state of bit 5.
MCSAZ2. Mode code or subaddress as indicated by the logic state of bit 5.
MCSA3. Mode code or subaddress as indicated by the logic state of bit 5.
MCSA4. Mode code or subaddress as indicated by the logic state of bit 5.

MC/SA. A logic 1 indicates that bits 4 through 0 are the subaddress of the
last command word, and that the last command word was a normal
transmit or receive command. A logic 0 indicates that bits 4 through 0 are
a mode code, and that the last command was a mode command.

Channel A/B. A logic 1 indicates that the most recent command arrived
on Channel A; a logic 0 indicates that it arrived on Channel B.

Channel B Enabled. A logic 1 indicates that Channel B is available for both
reception and transmission.

Channel A Enabled. A logic 1 indicates that Channel A is available for
both reception and transmission.

Terminal Flag Enabled. A logic 1 indicates that the Bus Controller has not
issued an Inhibit Terminal Flag Mode Code. A logic 0 indicates that the
Bus Controller, via the above mode code, is overriding the host system’s
ability to set the Terminal Flag bit of the status word.

Busy. A logic 1 indicates the Busy bit is set. This bit is reset when the
System Busy bit in the Control Register is reset.

Self-Test. A logic 1 indicates that the chip is in the internal self-test mode.
This bit is reset when the self-test is terminated.

TA Parity Error. A logic 1 indicates the wrong Terminal Address parity; it
causes the biphase inputs to be disabled. TA Parity Error results in the Message
Error bit being set to a logic one, and Channels A and B become disabled.

Message Error. A logic 1 indicates that a message error has occurred since
the last Status Register read. This bit is not reset until the Status Register
has been examined. Message error condition must be removed before reading
the Status Register to reset the Message Error bit.

Valid Message. A logic 1 indicates that a valid message has been received
since the last Status Register read. This bit is not reset until the Status
Register has been examined.

Terminal Active. A logic 1 indicates the device is executing a transmit or
receive operation. Same as TERACT output except active high.

[] - Values in parentheses indicate the initialized values of these bits.

STATUS REGISTER (READ ONLY):

TERM| VAL |MESS| TAPA |SELF-{BUSY |TFEN|CH A| CH B| CHNLl MC/ [MCSAMCSA|MCSA/MCSAMCSA
ACTV|MESSERR |ERR [TEST EN |EN |A/B |SA 4 | 3 2 1 0
[o] [0 [0 [ [ QI 01 01 M1 M [ [} [l [0 [0 I[o]
MSB LSB

[ ] defines reset state

Figure 4b. Status Register
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1.4 Mode Code and Subaddress

The UT1553B RTR provides subaddress and mode code
decoding meeting MIL-STD-1553B. In addition, the
device has automatic internal illegal command decoding
for reserved MIL-STD-1553B mode codes. Upon
command word validation and decode, status pins
MCSA(4:0) and MC/SA become valid. Status pin MC/SA
will indicate whether the data on pins MCSA(4:0) is

mode code or subaddress information. Status Register
bits 0 through 5 contain the same information as pins
MCSA(4:0) and MC/SA.

The system designer can use signals MCSA(4:0), MC/SA,
BRDCST, RTRT, etc. to illegalize mode codes,
subaddresses, and other message formats (broadcast and
RT-to-RT) via the Illegal Command (ILLCOM) input to
the part (see figure 21 on page 31).

T/R

Mode Code

RTR MODE CODE HANDLING PROCEDURE

Function

Operation

0

10100

?Ze)lected Transmitter Shutdown

. Command word stored

MERR pin asserted
MERR bit set in Status Register
Status word transmitted

10101

Override Selected Transmitter
Shutdown (2)

Command word stored
MERR lI;in asserted
MERR bit set in Status Register

. Status word transmitted

10001

Synchronize
(w/Data)

Command word stored
Data word stored
Status word transmitted

00000

Dynamic Bus Control (2)

Command word stored

MERR pin asserted

MERR bit set in Status Register
Status word transmitted

00001

Synchronize (1)

Command word stored
Status word transmitted

00010

Transmit Status Word (3)

Command word stored
Status word transmitted

Initiate Self-Test (1)

Command word stored

. Status word transmitted

00100

Transmitter Shutdown

Command word stored

. Alternate bus shutdown

Status word transmitted

00101

Override Transmitter Shutdown

. Command word stored
. Alternate bus enabled
. Status word transmitted

00110

Inhibit Terminal Flag Bit

. Command word stored
. Terminal Flag bit set to zero and

disabled
Status word transmitted

00111

Override Inhibit Terminal Flag

Command word stored
Terminal Flag bit enabled, but not
set to logic one

. Status word transmitted

01000

Reset Remote Terminal (1)

. Command word stored
. Status word transmitted

10010

Transmit Last Command
Word (3

Status word transmitted
Last command word transmitted

10000

Transmit Vector Word

Command word stored
Status word transmitted
Data word transmitted

10011

Transmit BIT Word

R N T I T R T P ST (T Y I T N T I e O S T S E SIS E R ST

. Command word stored
. Status word transmitted
. Data word transmitted

Notes:

1. Further host intersaction required for mode code operation.
2. Reserved mode code; A) MERR pin asserted, B) MESS ERR bit set, C) status word transmitted (ME bit set to logic one).
3. Status Word not affected.
4. Undefined mode codes are treated as reserved mode codes.
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1.5 MIL-STD-1553B Subaddress and Mode Code Definitions

Table 1. Subaddress and Mode Code Definitions Per MIL-STD-1553B

Subaddress Field Message Format

Binary (Decimal) Receive Transmit Description
00000 (00) 1) 1) Mode Code Indicator
00001 (01) User Defined User Defined
00010 (02) User Defined User Defined
00011 (03) User Defined User Defined
00100 (04) User Defined User Defined
00101 (05) User Defined User Defined
00110 (06) User Defined User Defined
00111 (07) User Defined User Defined
01000 (08) User Defined User Defined
01001 (09) User Defined User Defined
01010 (10) User Defined User Defined
01011 (11) User Defined User Defined
01100 (12) User Defined User Defined
01101 (13) User Defined User Defined
01110 (14) User Defined User Defined
01111 (15) User Defined User Defined
10000 (16) User Defined User Defined
10001 (17) User Defined User Defined
10010 (18) User Defined User Defined
10011 (19) User Defined User Defined
10100 (20) User Defined User Defined
10101 (21) User Defined User Defined
10110 (22) User Defined User Defined
10111 (23) User Defined User Defined
11000 (24) User Defined User Defined
11001 (25) User Defined User Defined
11010 (26) User Defined User Defined
11011 (27) User Defined User Defined
11100 (28) User Defined User Defined
11101 (29) User Defined User Defined
11110 (30) User Defined User Defined
11111 (31) (1) (1) Mode Code Indicator

Notes:
1. Refer to mode code assignments per MIL-STD-1553B.

RTR-9



1.6 Terminal Address

The Terminal Address of the RTR is programmed via five
input pins: RTA(4:0) and RTPTY. Asserting MRST
latches the RTR’s Terminal Address from pins RTA(4:0)
and parity bit RTPTY. The address and parity cannot
change until the next assertion of the MRST. The parity
of the Terminal Address is odd; input pin RTPTY is set
to a logic state to satisfy this requirement. A logic 1 on
Status Register bit 12 indicates incorrect Terminal
Address parity. An example follows:

RTA(4:0) = 05 (hex) = 00101
RTPTY = 1 (hex) = 1
Sum of 1’s = 3 (odd), Status Register bit 12 = 0

RTA(4:0) = 04 (hex) = 00100
RTPTY = 0 (hex) = 0
Sum of 1’s = 1 (odd), Status Register bit 12 = 0

RTA(4:0) = 04 (hex) = 00100
RTPTY = 1 (hex) = 1
Sum of I’s = 2 (even), Status Register bit 12 = 1

The RTR checks the Terminal Address and parity on
Master Reset. With Broadcast disabled, RTA (4:0) =
11111 operates as a normal RT address.

1.7 Internal Self-Test

Setting bit 6 of the Control Register to a logic one
enables the internal self-test. Disable Channels A and B
at this time to prevent bus activity during self-test by
setting bits 0 and 1 of the Control Register to a logic
zero. Normal operation is inhibited when internal
self-test is enabled. The self-test capability of the RTR is
based on the fact that the MIL-STD-1553B status word
sync pulse is identical to the command word sync pulse.
Thus, if the status word from the encoder is fed back to
the decoder, the RTR will recognize the incoming status
word as a command word and thus cause the RTR to
transmit another status word. After the host invokes
self-test, the RTR self-test logic forces a status word
transmission even though the RTR has not received a
valid command. The status word is sent to decoder A or
B depending on the channel the host selected for
self-test. The self-test is controlled by the host
periodically changing the bit patterns in the status word
being transmitted. Writing to the Control Register bits 2,
3, 4, 7, and 8 changes the status word. Monitor the
self-test by sampling either the Status Register or the
external status pins (i.e. Command Strobe (COMSTR),
Transmit/Receive (T/R)). For more detailed explanation
of internal self-test, consult UTMC publication RTR/RTS
Internal Self-Test Routine.

1.8 Power-up and Master Reset
After power-up, reset initializes the part with its biphase
ports enabled, latches the Terminal Address, and turns

on the busy option. The device is ready to accept
commands from the MIL-STD-1553B bus. The busy flag
is asserted while the host is loading the message pointers
and messages. After this task is completed, the host
removes the busy condition via a Control Register write
to the RTR. On power-up if the terminal address parity
(odd) is incorrect, the biphase inputs are disabled and the
message error pin (MERR) is asserted. This condition
can also be monitored via bit 12 of the Status Register.
The MERR pin is negated on reception of first valid
command.

1.9 Encoder and Decoder

The RTR interfaces directly to a bus transmitter/ receiver
via the RTR Manchester II encoder/decoder. The
UT1553B RTR receives the command word from the
MIL-STD-1553B bus and processes it either by the
primary or secondary decoder. Each decoder checks for
the proper sync pulse and Manchester waveform, edge
skew, correct number of bits, and parity. If the command
is a receive command, the RTR processes each incoming
data word for correct format and checks the control logic
for correct word count and contiguous data. If an invalid
message error is detected, the message error pin is
asserted, the RTR ceases processing the remainder (if
any) of the message, and it then suppresses status word
transmission. Upon command validation recognition, the
external status outputs are enabled. Reception of illegal
commands does not suppress status word transmission.

The RTR automatically compares the transmitted word
(encoder word) to the reflected decoder word by way of
the continuous loop-back feature. If the encoder word
and reflected word do not match, the transmitter error
pin (TXERR) is asserted. In addition to the loop-back
compare test, a timer precludes a transmission greater
than 760 microseconds by the assertion of Fail-safe Timer

. This timer is reset upon receipt of another
command.

1.10 RT-RT Transfer Compare

The RT-to-RT Terminal Address compare logic makes
sure that the incoming status word’s Terminal Address
matches the Terminal Address of the transmitting RT
specified in the command word. An incorrect match
results in setting the Message Error bit and suppressing
transmission of the status word. (RT-to-RT transfer
time-out = 54 ps)

1.11 Illegal Command Decoding

The host has the option of asserting the ILLCOM pin to
illegalize a received command word. On receipt of an
illegal command, the RTR sets the Message Error bit in
the status word, sets the message error output, and sets
the message error latch in the Status Register.
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The following RTR outputs may be used to externally
decode an illegal command, Mode Code or Subaddress
indicator (MC/SA), Mode Code or Subaddress bus
MCSA(4:0), Command Strobe (COMSTR), Broadcast
(BRDCST), and Remote Terminal to Remote Terminal
transfer (RTRT) (see figure 21 on page 31.).

To illegalize a transmit command, the ILLCOM pin must
be asserted within 3.3 ps after VALMSG goes to a logic 1
if the RTR is to respond with the Message Error bit of
the status word at a logic 1. If the illegal command is
mode code 2, 4, 5, 6, 7, or 18, the ILLCOM pin must be
asserted within 664 ns after Command Strobe
(COMSTR) transitions to logic 0. Asserting the ILLCOM
pin within the 664 ns inhibits the mode code function.
For mode code illegalization, assert the ILLCOM pin
until the VALMSG signal is asserted.

For an illegal receive command, the ILLCOM pin is
asserted within 18.2 us after the COMSTR transitions to
a logic 0 in order to suppress data words from being
stored. In addition, the ILLCOM pin must be at a logic 1
throughout the reception of the message until VALMSG
is asserted. This does not apply to illegal transmit
commands since the status word is transmitted first.

The above timing conditions also apply when the host
externally decodes an illegal broadcast command. The
host must remove the illegal command condition so that
the next command is not falsely decoded as illegal.

2.0 MEMorYy Mar EXAMPLE

Figures S and 6 illustrate the UT1553B RTR buffering
three receive command messages to Subaddress 4. The
receive message pointer for Subaddress 4 is located at
03C4 (hex) in the 1K x 16 RAM. The 16-bit contents of
location 03C4 (hex) point to the memory location where
the first receive message is stored. The Address Field
defined as bits 0 through 9 of address 03C4 (hex) contain
address information. The Index Field defined as bits 10
through 15 of address 03C4 (hex) contain the message
buffer index (i.e. number of messages buffered).

Figure 5 demonstrates the updating of the message
pointer as each message is received and stored. The
memory storage of these three messages is shown in
figure 6. After receiving the third message for
Subaddress 4 (i.e. Index Field equals zero) the Address
Field of the message pointer is not incremented. If the
host does not update the receive message pointer for
Subaddress 4 before the next receive command for
Subaddress 4 is accepted, the third message will be
overwritten.

Figures 7 and 8 show an example of multiple message
retrieval from Subaddress 16 upon reception of a
MIL-STD-1553B transmit command. The message
pointer for transmit Subaddress 16 is located at 03F0
(hex) in the 1K x 16 RAM. The 16-bit contents of
location 03F0 (hex) point to the memory location where
the first message data words are stored.

Figure 7 demonstrates the updating of the message
pointer as each message is received and stored. The data
memory for these three messages is shown in figure 8.
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Example:
Remote terminal will receive and buffer three MIL-STD-1553 receive commands of various word lengths to
Subaddress 4.

MIL-STD-1553 Bus Activity:
[cmD woRbD #1 |pwo pw1pw2 pw3|

_?%i"o [cMD woRbD #2] bwo| bw1|
_ SA=4
wC = 4 TR =0 Is(;\MB Xvono #3|owo pw1jpw2 pw3|
we =2 T/R=0
wC =4
Receive Subaddress 4; INDEX= 0000 10
data pointer at 03C4 03C4 (hex) |_0840 (hex) ] ADDRESS = 00 0100 0000

(hex). (Initial condition)

After message #1,
4 data words plus
command word.

After message #2, =
J 03C4 (hex) [ goas hew ] INDEX= 0000 00

2 data words plus ADDRESS = 00 0100 1000
command word.

After message #3, 03C4 (hex) I 0048 (hex) I INDEX= 0000 00

4 data words plus ADDRESS = 00 0100 1000
command word.

INDEX= 0000 01
03C4 (hex) | 0445 (hex) ] ADDRESS = 00 0100 0101

Figure 5. RTR Message Handling

03C4 (hex) | 0840 (hex) COMMAND WORD #1 040 (hex)
DATA WORD 0 041 (hex)
DATA WORD 1 042 (hex)
DATA WORD 2 043 (hex)
DATA WORD 3 044 (hex)
03C4 (hex) | 0445 (hex) J COMMAND WORD #2 045 (hex)
DATA WORD 0 046 (hex)
DATA WORD 1 047 (hex)
03C4 (hex) | 0048 (hex) | COMMAND WORD #3 048 (hex)
DATA WORD 0 049 (hex)
DATA WORD 1 04A (hex)
DATA WORD 2 04B (hex)
03C4 (hex) | 0048 (hex) | DATA WORD 3 04C (hex)

Figure 6. Memory Storage Subaddress 4
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Example:

Remote terminal will transmit and buffer three MIL-STD-1553 transmit commands of various word lengths to
Subaddress 16.

MIL-STD-1553 Bus Activity:

CMD WORD #1| SW ]Dwol ow1| DW2| Dw3|
SA= 16

TR= 1 [cmD worD #2[ sw [owo| pw1
WC=4 SA= 16
T/R=1 |cMD WORD #3] sw |pwo| bw{pwz2|ows|
WC=2 SA= 16
T/R=1
wC= 4
Transmit Subaddress 16; 03F0 (hex) 0830 (hex) INDEX= 0000 10
data pointer at 03F0 ADDRESS = 00 0011 0000
(hex). (Initial condition)
After message #1, 03F0 (hex) 0434 (hex) INDEX = 0000 01
4 data words. ADDRESS = 00 0011 0100
After message #2, 03F0 (hex) 0036 (hex) INDEX= 0000 00
2 data words. ADDRESS= 00 0011 0110
After message #3, 03F0 (hex) 0036 (hex) INDEX= 0000 00
4 data words. ADDRESS = 00 0011 0110

Figure 7. RTR Message Handling

03F0(hex) | 0830 (hex) | DATA WORD 0 030 (hex)
DATA WORD 1 031 (hex)
DATA WORD 2 032 (hex)
DATA WORD 3 033 (hex)
03F0 (hex) | 0434 (hex) | DATA WORD 0 034 (hex)
DATA WORD 1 035 (hex)
03F0 (hex) | 0036 (hex) | DATA WORD 0 036 (hex)
DATA WORD 1 037 (hex)
DATA WORD 2 038 (hex)
03F0 (hex) | 0036 (hex) | DATA WORD 3 039 (hex)

Note:
The example is valid only if message structure is known in advance.

Figure 8. Memory Storage Subaddress 16
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3.0 PiN IDENTIFICATION AND DESCRIPTION

BIPHASE
out

BIPHASE
IN

TERMINAL
ADDRESS

MODE/CODE
SUBADDRESS

STATUS
SIGNALS

CONTROL
SIGNALS

Note:

TAZ
TAO
TBZ
TBO

RAZ
RAO
RBZ
RBO

RTAO
RTA1
RTA2
RTA3
RTA4
RTPTY

MCSA0
MCSA1
MCSA2
MCSA3
MCSA4

MERR
TERACT
TXERR
TIMERON
COMSTR
‘MC/sA
BRDCST
TR
RTRT
VALMSG
RBUSY

CS
RD/WR
CTRL
OE
ILLCOM

45 (A10)
44 (B10)
47 (A9)
46 (B9)

21(L7)
22 (K8)
19 (L6)
20 (K7)

17 (L5)
16 (K5)
15 (L4)
14 (K4)
13(L3)
18 (K6)

61 (B2)
60 (A2)
59 (A3)
58 (B3)
57 (A4)

55 (A5)
53 (A6)
54 (B5)
52 (B6)
48 (B8)
62 (B1)
51 (A7)
56 (B4)
50 (B7)
23(L8)
63 (C2)

10 (K2)
9 (K1)
8 (J1)

25 (L9)

24 (K9)

\2)7
(H1)6
(H2)5
(G1)4
(G2)3
(F1)2
(E2)67
(D1)66
(D2)65
(C1)64

(L10)26
(K10)27
(K11)28
(J10)29
(J11)30
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() Pingrid array pin numbers are in parentheses. Leadless chip carrier pin numbers are not in parentheses.

Figure 9. UT1553B RTR Pin Description

ADDRESS
BUS
ADDR(9:0)

DATA BUS
DATA(15:0)

POWER

GROUND

CLOCK

RESET

RTR-14



Legend for TYPE and ACTIVE fields:

TI = TTL input

TUI = TTL input (pull-up)
TDI = TTL input (pull-down)

TTO = Three-state TTL output

TTB = Three-state TTL bidirectional
AL = Active low

AH = Active high

[] - Value in parentheses indicates initial state of

TO = TTL output pins.
DATA BUS

NAME P NUMBER | TYPE | ACTIVE DESCRIPTION
DATA(15) 43 B11 | TTB -- Bit 15 (MSB) of the bidirectional Data bus.
DATA(14) 42 Cil | TTB - Bit 14 of the bidirectional Data bus.
DATA(13) 41 C10 | TTB -- Bit 13 of the bidirectional Data bus.
DATA(12) 40 D11 | TIB - Bit 12 of the bidirectional Data bus.
DATA(11) 39 D10 | TTB -- Bit 11 of the bidirectional Data bus.
DATA(10) 38 El1 TTB -- Bit 10 of the bidirectional Data bus.
DATA(9) 37 E10 | TTB -- Bit 9 of the bidirectional Data bus.
DATA(8) 36 F11 TTB -- Bit 8 of the bidirectional Data bus.
DATA(7) 33 G10 | TTB - Bit 7 of the bidirectional Data bus.
DATA(6) 32 H11 | TTB - Bit 6 of the bidirectional Data bus.
DATAC(5) 31 H10 | TTB - Bit 5 of the bidirectional Data bus.
DATA(4) 30 J11 TTB -- Bit 4 of the bidirectional Data bus.
DATA(3) 29 J10 TTB -- Bit 3 of the bidirectional Data bus.
DATA(2) 28 K11 | TTB - Bit 2 of the bidirectional Data bus.
DATA(1) 27 K10 | TTB -- Bit 1 of the bidirectional Data bus.
DATA(0) 26 L10 | TTB -- Bit 0 (LSB) of the bidirectional Data bus.

ADDRESS BUS

NAME TeC TMBER TYPE | ACTIVE DESCRIPTION
ADDR(9) 64 C1 TI -- Bit 9 (MSB) of the Address bus.
ADDR(8) 65 D2 TI -- Bit 8 of the Address bus.
ADDR(7) 66 D1 TI - Bit 7 of the Address bus.
ADDR(6) 67 E2 TI - Bit 6 of the Address bus.
ADDR(5) 2 F1 TI - Bit 5 of the Address bus.
ADDR(4) 3 G2 TI -- Bit 4 of the Address bus.
ADDR(3) 4 G1 TI -- Bit 3 of the Address bus.
ADDR(2) 5 H2 TIL - Bit 2 of the Address bus.
ADDR(1) 6 H1 TI - Bit 1 of the Address bus.
ADDR(0) 7 J2 TI - Bit 0 (LSB) of the Address bus.
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CONTROL INPUTS

PIN NI

MBER

NAME

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

10

K2

Chip Select. The host processor uses the CS signal
for RTR Status Register reads, Control Register
writes, or host access to the RTR internal RAM.

RD/WR

K1

Read/Write. The host processor uses a high level
on this input in conjunction with CS to read the
RTR Status Register or the RTR internal RAM. A
low level on this input is used in conjunction with
CS to write to the RTR Control Register or the
RTR internal RAM.

CTRL

J1

Control. The host processor uses the active low
CTRL input signal in conjunction with CS and
RD/WR to access the RTR registers. A high level
on this input means access is to RTR internal
RAM only.

25

L9

Output Enable. The active low OE signal is used
to control the direction of data flow from the
RTR. For OE = 1, RTR Data bus is three-state;
for OE = (0, the RTR Data bus is active.

ILLCOM

K9

Illegal Command. The host processor uses the
ILLCOM input to inform the RTR that the present
command is illegal.

STATUS OUTPUTS

PIN NI

MBER

NAME

LCC

PGA

TYPE

ACTIVE

DESCRIPTION

MERR
[0]

55

TO

Message Error. The active high MERR output
signals that the Message Error bit in the Status
Register has been set due to receipt of an
illegal command, or an error during message
sequence. MERR will reset to logic zero on the
receipt of next valid command.

TXERR
[0]

BS

TO

Transmission Error. The active high TXERR
output is asserted when the RTR detects an error
in the reflected word versus the transmitted word,
using the continuous loop-back compare feature.
Reset on next COMSTR assertion.

TIMERON
(1

52

B6

TO

Fail-safe Timer. The TIMERON output pulses
low for 760 microseconds when the RTR begins
transmitting (i.e. rising edge of VALMSG) to
provide a fail-safe timer meeting the requirements
of MIL-STD-1553B. This pulse is reset when
COMSTR goes low or during a Master Reset.

COMSTR
(1]

48

B8

TO

Command Strobe. COMSTR is an active low
output of 500 ns duration identifying receipt of a
valid command.

TERACT

53

A6

TO

Terminal Active. The active low TERACT
output is assertcd at the beginning of the RTR
access to internal RAM for a given command and
negated after the last access for that command.

Continued on page 17.
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STATUS OUTPUTS
Continued from page 16.

PIN NUMBER
NAME LCC PGA | TYPE ACTIVE DESCRIPTION
BRDCST 51 A7 TO AL Broadcast. BRDCST is an active low output
1] that identifies receipt of a valid broadcast
command.
T/R 56 B4 TO -- Transmit/Receive. A high level on this pin
[01 indicates a transmit command message

transfer is being or was processed, while a low
level indicates a receive command message
transfer is being or was processed.

RTRT S0 B7 TO AH Remote Terminal to Remote Terminal. RTRT

[0] is an active high output indicating that the RTR is
processing a remote terminal to remote

terminal command.

VALMSG 23 L8 TO AH Valid Message. VALMSG is an active high

[0] output indicating a valid message (including
Broadcast) has been received. VALMSG goes
high prior to transmitting the 1553 status word
and is reset upon receipt of the next command.

RBUSY 63 C2 TO AH RTR Busy. RBUSY is asserted high while the

[0] RTR is accessing its own internal RAM either to
read or update the pointers or to store or retrieve
data words. RBUSY becomes active either 2.7 us
or 5.7 ps before RTR requires RAM access. This
timing is controlled by Control Register

bit 12; see section 1.3.

MODE CODE/SUBADDRESS OUTPUTS

PIN NUMBER |
NAME 1o PGa | TYPE | ACTIVE DESCRIPTION

MC/SA 62 B1 TO - Mode Code/Subaddress Indicator. If MC/SA is

[0] low, it indicates that the most recent command

word is a mode code command. If MC/SA is high,
it indicates that the most recent command word is
for a subaddress. This output indicates whether the
mode code/subaddress outputs ( i.e. MCSA(4:0))
contain mode code or subaddress information.

MCSA0 61 B2 TO -- Mode Code/Subaddress Output 0. If MC/SA is
[0] low, this pin represents the least significant bit of
the most recent command word (the LSB of the
mode code). If MC/SA is high, this pin represents
the LSB of the subaddress.

f(/)I]CSAl 60 A2 TO - Mode Code/Subaddress Output 1.

?(/]I]CSAZ 59 A3 TO - Mode Code/Subaddress Output 2.

;\(/)I]CSA3 58 B3 TO -- Mode Code/Subaddress Output 3.

MCSA4 57 A4 TO - Mode Code/Subaddress Output 4. If MC/SA is
[0] low, this pin represents the most significant bit of

the mode code. If MC/SA is high, this pin
represents the MSB of the subaddress.
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REMOTE TERMINAL ADDRESS INPUTS

PIN NUMBER |
NAME LCC PGA TYPE | ACTIVE DESCRIPTION

RTA4 13 L3 TUI - Remote Terminal Address bit 4 (MSB).

RTA3 14 K4 TUI - Remote Terminal Address bit 3.

RTA2 15 L4 TUI -- Remote Terminal Address bit 2.

RTA1 16 KS TUI - Remote Terminal Address bit 1.

RTAQ 17 LS TUI -- Remote Terminal Address bit 0 (LSB).

RTPTY 18 K6 TUI - Remote Terminal Address Parity. This input must
provide odd parity for the Remote Terminal
Address.

BIPHASE INPUTS (1)
PIN NUMBER
NAME 1.CC PGA TYPE | ACTIVE DESCRIPTION

RAZ 21 L7 TI - Receiver - Channel A, Zero Input. Idle low Manchester
input from the 1553 bus receiver.

RAO 22 K8 - Receiver - Channel A, One Input. This input is the
complement of RAZ.

RBZ 19 L6 - Receiver - Channel B, Zero Input. Idle low Manchester
input from the 1553 bus receiver.

RBO 20 K7 - Receiver - Channel B, One Input. This input is the
complement of RBZ.

Note:

1. For uniphase operation, tie RAZ (or RBZ) to VpD and apply true uniphase i

nput signal to RAO (or RBO).

BIPHASE OUTPUTS
PIN NUMBER _ |
NAME LCC PGA TYPE | ACTIVE DESCRIPTION

TAZ 45 Al0 | TO -- Transmitter - Channel A, Zero Output. This idle low

[0] Manchester encoded data output is connected to
the 1553 bus transmitter input. The output is idle
low.

TAO 44 B10 | TO -- Transmitter - Channel A, One Output. This

[0] output is the complement of TAZ. The output is
idle low.

TBZ 47 A9 TO - Transmitter - Channel B, Zero Output. This idle low

[0] Manchester encoded data output is connected to
the 1553 bus transmitter input. The output is idle
low.

TBO 46 B9 TO -- Transmitter - Channel B, One Output. This

[0] output is the complement of TBZ. The output is
idle low.
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MASTER RESET AND CLOCK

PIN NUMBE
NAME LCC PGA TYPE | ACTIVE DESCRIPTION

MRST 12 K3 TUI AL Master Reset. Initializes all internal functions of the
RTR. MRST must be asserted 500 ns before normal
RTR operation. (500 ns minimum) Does not reset
RAM.

12MHz 11 12 TI -- 12 MHz Input Clock. This is the RTR system clock
that requires an accuracy greater than 0.01% with a
duty cycle of 50% +/-10%.

2MHz 49 A8 TO -- 2 MHz Clock Output. This is a 2 MHz clock
output generated by the 12 MHz input clock. This
clock is stopped when MRST is low.

POWER AND GROUND

PIN NUMBER
NAME LCC PGA TYPE | ACTIVE DESCRIPTION
VDD 35 F10 PWR - + 5 VDC Power. Power supply must be +5 VDC
68 El PWR -- +/-10%.
Vss 1 F2 GND - Reference ground. Zero VDC logic ground.
34 Gl1 { GND -

4.0 OrPERATING CONDITIONS

ABSOLUTE MAXIMUM RATINGS*

(referenced to Vss)

SYMBOL PARAMETER LIMITS UNIT
VDD DC supply voltage -0.3to +7.0 \'%
VIO Voltage on any pin -0.3to VDD +0.3 v
It DC input current +/-10 mA
TSTG Storage temperature -65 to + 150 °C
PD Maximum power dissipation (1) 300 mW
Ty Maximum junction temperature +175 °C
eIc Thermal resistance, junction-to-case 20 °C/W

Note:

1. Does not reflect the added Pp due to an output short-circuited.
*  Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating only,
and functional operation of the device at these or any other conditions beyond limits indicated in the operational sections of

this specification is not recommended. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
VDD DC supply voltage 45t05.5 \
VIN DC input voltage 0 to VDD \%
TC Temperature range -55to +125 °C
Fo Operating frequency 12 +/- .01% MH:z
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5.0 DC ELEcTRICAL CHARACTERISTICS

(VDD = 5.0V +/-10%; -55°C < TC < +125°C)

SYMBOL PARAMETER CONDITION MINIMUM MAXIMUM | UNIT
VIL Low-level input voltage 0.8 \'%
VIH High-level input voltage 2.0 \%
IIN Input leakage current
I }ZL inputs VIN = VDD or Vss -1 1 RA
Inputs with pull-down resistors VIN = VDD 110 2000 HA
Inputs with pull-up resistors VIN = Vss§ -2000 -110 HA
VoL Low-level output voltage IoL = 3.2 mA 0.4 \4
VOH High-level output voltage IoH = -400 pA 2.4 \%
Ioz Three-state output VO = VDD or Vss -10 +10 RA
leakage current
Ios Short-circuit output current VDD = 5.5V, VO = Vpp 90 mA
8 VDD = 55V,Vo=0V -90 mA
CIN Input capacitance (3) F=1MHz:@0V 10 pF
Cour Output capacitance (3) F=1MHz@0V 15 pF
Cio Bidirect I/O capacitance (3) F=1MHz@0V 20 pF
IDD Average operating current (1,4) F = 12 MHz, CL = 50 pF 50 mA
QIpD Quiescent current Note 5 15 mA

Notes:

I N

Voltage supply should be a

Supplied as a design limit but not guaranteed or tested.
Not more than one output may be shorted at a time for a maximum duration of one second.
Measured only for initial qualification, and after process or design changes that could affect input/output capacitance.
Includes current through u:iput pull-ups. Instantaneous surge currents on the order of 1 ampere can occur during output switching.
equately sized and decoupled to handle a large surge current.

All inputs with internal pull-ups or pull-downs should be left open circuit. All other inputs tied high or low.

BIT TIMES I 123 | 45678 10 L 1011121314 I 1516171819 I 20 l
: e T A 0 A BN
WORD L 1
SYNC I REMOTE TERMINAL IT/n_l SUBADDRESS/MODE IDATAWORDCOUNT/ | P I
ADDRESS CODE MODE CODE
DATA WORD :l__.{ 16 I1 ]
| SYNG I DATA I Pl
STATUS WORD E[—-l s l1|1|1| ]1'1]111[ |1|
« - a a > w ©
svNe | REMOTE TERMINAL l I g I % | 8 I 8 I gl g I 8 I SI z l
ADDRESS gl 3 E 2l 2l o glale
w
w Lo 2 2 g & ; &
S W & 3 = § z
F 8 a @ 3
P of ¢ I § ;g F
& g
2
g 2 : K
5 8
§ @
2
o
] Q
8 3
o
3

Figure 10. MIL-STD-1553B Word Formats
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6.0 AC ELECTRICAL CHARACTERISTICS
(Over recommended operating conditions)

Vi MIN — — — — — e e Y MIN
1 1
|NPUTV|LMAX.__.._.._}() ()\kf———-————————v,,_ MAX

| kT
IN-PHASE Fave im@l; T ooz = VouMN
OUT-OF-PHASE g | iy YoLMax
SUTRUT LR (== == === ==Vou
| — te—%l oL MAX
BUS | | - - - - VorMIN
4 === = = Vo MAX
! F-tf Y
k ty |
k th 3
SYMBOL PARAMETER
ty INPUT M to response M
ty INPUT ' to response
te INPUT N to response
ty INPUT < to response 1
te INPUT ' to data valid
1 INPUT ' to high Z
ty INPUT A to high Z
th INPUT N to data valid
Notes:

1. Timing measurements made at (Vigy MIN + Vi, MAX)/2.

2. Timing measurements made at (VoL MAX + Vou MIN)/2.

3. Based on 50 pF load.

4. Unless otherwise noted, all AC electrical characteristics are guaranteed by design or characterization.

Figure 11la. Typical Timing Measurements

5V

IREF (source)
3V

VREF

50 pFOI_
v

ov

IREF (sink) <2ns <2ns

Input Pulses
Note: p

50 pF including scope probe and test socket

Figure 11b. AC Test Loads and Input Waveforms
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DATA(15:0) DATA VALID
t12n
OE e Y12m
Figure 12. Microprocessor RAM Read
SYMBOL PARAMETER MIN MAX UNITS
t12a CTRC YsetupwntGS § (1) 10 - ns
t12b RD/WR }setupwrt TS |} 10 - ns
t12¢ ADDR(9:0) Valid to TS | 10 - ns
(Address Set up)
t12d CS | to DATA(15:0) Valid - 155 ns
t12e OE | to DATA(15:0) Don’t Care (Active) - 65 ns
t12f CS 4 to CTRL Don’t Care 0 -- ns
ti2g ' CS | to ADDR(9:0) Don’t Care 0 - ns
t12h OE ! to DATA(15:0) High Impedance - 40 ns
t12i TS toCs {2 220 5500 ns
112] TS} Ts | 85 - ns
t12k CS | to RD/WR Don’t Care [} - ns
112l €5 | to DATA(15:0) Invalid (3) 25 - ns
t12m OE | to OF } 65 - ns
Notes:

1. “wrt” defined as “with respect to.”

2. The maximum amount of time that CS can be held low is 5500 ns if the user has selected the 5.7 yis RBUSY option. For the 2.7 ps

RBUSY option, the maximum CS low time is 2500 ns.
3. Assumes OE is asserted.
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Figure 13. Microprocessor RAM Write
SYMBOL PARAMETER MIN MAX UNITS
t13a CTRL | set upwrt CS V 10 - n