UTMC APPLICATION NOTE

USING THE BCRTMP wWITH MULTIPLE PROTOCOLS

INTRODUCTION

The UTMC UT1553 BCRTMPisasingle CMOS chip
solution to a multitude of 1553 protocols. This device will
implement the Remote Terminal (RT) or Bus Controller
(BC) functions for 1553 protocols such as McDonnell
Douglas A3818, 5232, 5690, Grumman SPG-151, MIL-
STD-1553A, and MIL-STD-1553B. The user need only
sel ect theright combination of mode sel ect optionsviainput
pins or programmable registers.

Thisapplication note discusses and compares these various
1553 protocals. These specifications can vary in severa
areas, including statusword responsetime, 1553 statusword
bit definitions, mode codes, and error handling. By
understanding these variables, it is simple to configure the
BCRTMPto handleany of these protocol. The designer can
implement various features to match system-specific
requirements.

Several manufacturers have created their own proprietary
1553 specifications. Some of these specifications are based
on the MIL-STD-1553A specification, while others are
based on MIL-STD-1553B. As aresult of the variety of
specifications, particul arly thosebased on 1553A, anumber

of incompatible 1553 implementationsexist. TheBCRTMP
can be easily configured to handle any of these protocols
using programmable mode select pins or register bits.

THE BASsIC DIFFERENCES AMONG
THE 1553 PROTOCOLS

Thebasic differencesamong the 1553 protocol sfall intothe
following categories: status word definition, mode codes,
use of broadcast, message error handling, and RT
response time.

Status Word Definition

MIL-STD-1553B is quite formal in defining status bits,
while the other specifications define or leave bits open to
varying degreesfor procurement-specific options. All of the
1553 protocolsconsidered in this paper definethe Terminal
Address, ME (Message Error), and TF (Terminal Flag)
status word bits in the same way. The remaining bits are
defined in avariety of ways, not only dependent upon the
1553 protocol, but also on theindividual procurement
specification. Figure 1 illustrates status words for each
protocol considered in this paper.
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Where:

BC = Broadcast Command Received

BU =Busy

DB = Dynamic Bus Control Acceptance

| = Instrumentation

ME = Message Error

NA = Not Applicable

P = Procurement-Specific (can be defined for system requirements)

R = Reserved

SF = Subsystem Flag

SR = Service Request

TF = Terminal Flag

X = Not Specifically Defined

Y = Terminal Address

Figure 1. The Various 1553 Status Word Definitions

The BCRTMP contains a user-programmable Status Word
Register (Register 15). The user can program any value
desired into the status word bit field to conform to selected
protocol requirements. Configuring Operational Mode 4,
accessed via the input pin (MD4) or the corresponding
register bit in the Operational Mode Register (Register 14,
bit 4), selects the method of mode code generation.

Mode Codes

Differences in mode code definitions among the 1553
protocols center around the number of defined mode codes
and whether mode codes with data are defined. MIL-STD-
1553B’ s definition is quite formal, but the other
specifications define to varying degrees the possible mode
codes, and may not use mode codes with data. Table 1
illustratesthe mode code possihilitiesfor all 1553 protocols
considered in this paper.



Table 1. Mode Code Assignments
MIL-STD-1553A Assigned Mode Codes

Trans- Assoc Broadcast
Rev Mode Data Command
Bit Code Function Word Allowed
1 00000 Dynamic bus control No No
lor0 00001 Undefined No No
lor0 11111 Undefined No No

MIL-STD-1553B Assigned Mode Codes

Trans- Assoc Broadcast
Rev Mode Data Command
Bit Code Function Word Allowed
1 00000 Dynamic bus control No No
1 00001 Synchronize No Yes
1 00010 Transmit status word No No
1 00011 Initiate self-test No Yes
1 00100 Transmitter shutdown No Yes
1 00101 Override transmitter shutdown No Yes
1 00110 Inhibit terminal flag bit No Yes
1 00111 Override inhibit terminal flag No Yes
1 01000 Reset remote terminal No Yes
1 01001 Reserved No TBD
1 01111 Reserved No TBD
1 10000 Transmit vector word Yes No
0 10001 Synchronize Yes Yes
1 10010 Transmit Last Command Yes No
1 10011 Transmit bit word Yes No
0 10100 Selected transmitter shutdown Yes Yes
0 10101 Override selected transmitter shutdown Yes Yes
lor0 10110 Reserved Yes TBD
lor0 11111 Reserved Yes TBD

McDonnell Douglas A3818 Assigned Mode Codes

Trans- Assoc Broadcast
Rev Mode Data Command
Bit Code Function Word Allowed
1 00000 Dynamic bus control No No
lor0 00001 Procurement-Definable No No

lor0 11111 Procurement-Definable No No




McDonnell Douglas A5232 Assigned Mode Codes

Trans- Assoc Broadcast
Rev Mode Data Command
Bit Code Function Word Allowed
1 00000 Dynamic bus control No No
lor0 00001 Procurement-Definable No No
lor0 11111 Procurement-Definable No No
McDonnell Douglas A5690 Assigned Mode Codes
Trans- Assoc Broadcast
Rev Mode Data Command
Bit Code Function Word Allowed
1 00000 N/A No No
1 00001 Synchronize No No
1 00010 Transmit status word No No
1 00011 Initiate self-test No No
1 00100 Transmitter shutdown No No
1 00101 Override transmitter shutdown No No
1 00110 N/A No No
1 00111 N/A No No
1 01000 Reset remote terminal No No
1 01001 Reserved No No
1 01111 Reserved No No
1 10000 Transmit vector word Yes No
0 10001 Synchronize Yes No
1 10010 Transmit Last Command Yes No
1 10011 Transmit bit word Yes No
0 10100 N/A Yes No
0 10101 N/A Yes No
lor0 10110 Reserved Yes No
lor0 11111 Reserved Yes No




Grumman SP-G-151A Assigned Mode Codes

Trans- Assoc Broadcast
Rev Mode Data Command
Bit Code Function Word Allowed
1 00000 Dynamic bus control No No
1 00001 Synchronize No Yes
1 00010 Transmit status word No No
1 00011 Initiate self-test No Yes
1 00100 Transmitter shutdown No Yes
1 00101 Override transmitter shutdown No Yes
1 00110 Inhibit terminal flag bit No Yes
1 00111 Override inhibit terminal flag No Yes
1 01000 Reset remote terminal No Yes
1 01001 Reserved No TBD
1 01111 Reserved No TBD
1 10000 Transmit vector word Yes No
0 10001 Synchronize Yes Yes
1 10010 Transmit Last Command Yes No
1 10011 Transmit bit word Yes No
0 10100 Selected transmitter shutdown Yes Yes
0 10101 Override selected transmitter shutdown Yes Yes
lor0 10110 Reserved Yes TBD
lor0 11111 Reserved Yes TBD

The BCRTMP allows flexible mode code implementation.
Thisflexibility includes the selection of only mode codes
with data or only mode codes without data. The user can
al so select automatic execution of modes codes, as defined
in MIL-STD-1553B, or configurethe BCRTMPto respond
with status and allow the host to execute a mode code.
Finally, the user can configure the BCRTMP to determine
the reception of amode code command with either all ones
AND all zerosinthesubaddressfield, or al zerosonly. This
flexibility allowsthedeviceto be configured for mode code
operation for any of the 1553 protocols discussed. The
source selection for the statusword is accomplished viathe
Operational Mode 3, accessed either through the input pin
(MD3) or hit 3 of the Operational Mode Register (Register
14). The selection of mode codes with data versus without
datais accomplished with Operational Mode 6. Thisis
accessed viathe input pin (MD6) or the corresponding
register bit in the Operational Mode Register (Register 14,
bit 6).

Use Of Broadcast

The 1553 protocol differencesincludethe broadcast option.
For protocols that support the broadcast option, the RT
address 11111 isreserved to indicate abroadcast command.
When a broadcast command is transmitted, all RTs must
receivethemessage. No RT istorespond with astatusword.

Protocols that do support the broadcast option treat RT
address 11111 asanorma RT address.

The BCRTMP alows the use or disabling of broadcast
commands. When broadcast is disabled, then RT address
11111 istreated asanormal RT addressviathe Operational
Mode 1, accessed either through theinput pin (MD1) or bit
1 of the Operational Mode Register (Register 14).

Message Error Handling

Some 1553 protocols (MIL-STD-1553B, McDonnell
Douglas A5690, and Grumman SP-G-151A) consider any
message error reason to discard the entire message and
suppress the status word, while others (MIL-STD-1553A,
andMcDonnell DouglasA 3818 and A5232) react according
to message error severity. In the latter three protocols, if a
Manchester error or parity error occursin adataword, the
defective dataword is discarded but the remainder of the
message can be used. The RT then responds with the status
word with the Message Error bit set.

Status Word Suppression For Erroneous Transactions
(MIL-STD-1553B, McDonnell Douglas A5690,
Grumman SP-G-151A)

Thecriteriafor suppressing astatusword for message error
condition for an RT that conforms to these protocolsis
defined as follows:

- Any dataword that contains a parity error.

- Any dataword that contains a Manchester error.

- Any dataword that contains an invalid sync.

- The remote terminal received an incorrect number of
datawords.




If any of the above conditions occur, the RT suppresses
status and sets the Message Error bit.

Note: If thecommand wordisin error, or isgoing to another
RT address, then the RT does not consider the message.

Status Word Suppression For Erroneous
Transactions(MIL-STD-1553A, McDonnell Douglas
A3818 and A5232)

Thecriteriafor suppressing astatuswordfor an RT message
error condition that conforms to these protocolsis defined
as follows:

- Any dataword that contains an invalid sync.

- The remote terminal received an incorrect number of
datawords.

If any of the above conditions occur, the RT suppresses

status and sets the Message Error bit.

Note: If thecommand word isin error or isgoing to another
RT address, the RT does not consider the message.

If the above-listed conditions did not occur for a message,
but one of the following conditions occurs, the RT sends
status with the Message Error bit set.

Protocol Comparisons
1553 Protocol Features

- Any dataword that contains a parity error.
- Any dataword that contains a Manchester error.

The user can configure the BCRTMP to handle errorsin
accordance with either of the methods discussed above via
the Operational Mode 5, accessed either through the input
pin (MD5) or bit 5 of the Operational Mode Register
(Register 14). Note: TheBCRTM Pvalidateseach dataword
on sync and two bits.

RT Response Time

TheRT responsetimediffersamong the 1553 protocols. RT
response time measurement is from the parity bit's zero
crossing of the receive command' s last data word, or the
command word' s zero crossing for atransmit command to
the status word sync’s zero crossing.

The maximum response time alowed for an RT inaMIL-
STD-1553A or McDonnell Douglas A3818 or A5232
systemis 7.0ms; for an RT inaMIL-STD-1553B,
McDonnell Douglas A5690, or Grumman SP-G-151G
systemitis 12.0ms.

The BCRTMP can be configured for aresponsetimein
accordance with the above requirements via Operational
Mode 2. It is accessed viathe input pin (MD2), or the
corresponding register bitin the Operational Mode Register
(Register 14, bit 2).

Message Maximum
1553 Error Broadcast Status Response
Protocol Method Allowed Bits Time
1553A A3818 No Definable s
1553B 1553B Yes Defined 12mrs
MDC A3818 A3818 No Definable s
MDC A5232 A3818 No Definable s
MDC A5690 1553B Yes Definable 12mrs
Grumman
SPG151A 1553B No Definable 12mrs
Where:

553A Response Time = 4.0 to 12.0ms, as measured from parity zero cross to sync zero cross.
1553B Response Time = 4.0 to 12.0ms, as measured from parity zero cross to sync zero cross.
BCRTMP Response Timeis 5.5ms (using Legalization bus).

BCRTMP Response Timeis 10ms (using DMA).

A3818  Message Error Handling Method: The statusword istransmitted with Message Error bit set if adata
word parity or Manchester error occurs.

1553B  Message Error Handling Method: The statusword istransmitted with Message Error bit set if adata
word parity or Manchester error occurs.



DESIGN CONSIDERATIONS FOR
IMPLEMENTING 1553 PROTOCOLS

Substantial differences among 1553 protocols create
challenging obstaclesfor creating aBCRT that conformsto
all 1553 protocols. Design considerations fall into the
following categories: status word definition, mode codes,
use of broadcast, message error handling, and RT
response time.

Designing For Status Word Flexibility

The status word must be flexible in order to conform to a
variety of 1553 protocols. The BCRTMP can operatein a
mode where the status word is defined in strict
correspondence with the MIL-STD-1553B specification or
it can operatein amoreflexible mode. In the flexible status
word mode, theuser can program theindividual statusword
bits via read/write registers.

Designing For All Mode Code Possibilities

Two of the BCRTMP's mode options address the need for
mode codeflexibility. Thedesigner can placethe BCRTMP
in an operational mode so the device performsin strict
correspondence with the mode code definitions for MIL-
STD-1553B. Illegalization of any unsupported mode code
canoccur inoneof twoways: (1) Thedesigner canillegalize
the mode codeviathe Legalization bus (figure 2), or (2) the
device can perform illegalization viaDMA Descriptor
Block fetches

(figure 3).

The BCRTMP can also accommodate aflexible mode code
definition by employing two operational modeoptions. One
option allows the device to employ mode codes with or
without data. If it employs mode codes with data, it allows
only single data word transfers using the data word rules
established in MIL-STD-1553B. Alternatively, an
operational mode completely disallows mode codes

with data.
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Figure 2. BCRTMP Legalization Bus



The Descriptor Pointer Register (Regis-
ter 2) combined with the Command
Word generates the address of the Con-
trol Word for the Descriptor Block fetch.
The Control Word contains

DMA fetch of three words
when command is received.

BCRTMP

Legalization information.

# | Control Word

N RAM

Message Status Pointer

| First Receive Subaddress

Data List Pointer

Descriptor Block

Unused

-----------p| Control Word

Message Status Pointer

| Second Receive Subaddress
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Descriptor Block
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<-==-------@| Control Word
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Last Mode Code
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Figure 3. BCRTMP Descriptor Block Legalization

Designing For Broadcast

The broadcast option may or may not beincluded in a
particular 1553 protocol. The BCRTMP has a
programmable mode option that allows the user to
determine whether to allow broadcast commandsin a
system. If broadcast commands are allowed, then any
command to RT address 11111 is considered a broadcast
command. If broadcast commands are not allowed, then a
command to RT address 11111 is considered a normal
command.

Designing For Both Message Error Handling
Techniques

The two message error handling techniquesin 1553
protocols require a flexible design. The message error
handling technique described above, the A3818 method, is
aparticularly difficult design to use. The remote terminal
must be able to distinguish the severity of message errors.
A less severe error, either aManchester error or aparity
error inadataword, requiresspecia attention. The RT must
mark the individual defective data word and respond with
the Message Error bit set in the status word.

The BCRTMP accomplishesthis challenging task. When a
Manchester or parity error occurs in adata word, the
BCRTMP asserts the ERRB signal and places the word
count for the defective data word in bits 0-4 of the
Legalization bus. In atypical system, the ERRB signal can
control aTTL FIFO(first-in/first-out) device, and canstrobe
theword count into the device. The system can examinethe
FIFO at the end of the message to determineif the message
contains defective data. If the message has defective data,
the data can be identified by reading the FIFO (figure 4).

The alternative and much simpler message error handling
technique treats all message errors the sameway. If a
message error occurs in this operational mode, the system
discardsthe entire message. The RT setsthe Message Error
bit in the status bit, but suppresses transmitting the

status word.
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Designing For Flexible RT Response Time

Thetwo 1553 responsetimesrequire aflexible design. The
minimums are either 7ms or 12ms. The BCRTMP can
accommodate either response time by selecting the
appropriate mode options. Either response time can be
accommodated while using the L egalization bus for
command illegalization. The faster response time requires

us Legalization Example

use of the Legalization bus. The slower response time can
be met using the DMA Descriptor Block fetch method.

Figure 5 illustrates the system timing for the Legalization
bus and figure 6 shows RT response time for both modes
of operation
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PROGRAMMABLE MODE OPTIONS

Six programmable mode options provide flexibility and
address the characteristics that vary among the 1553
protocols. The designer can configure the BCRTMP to
operate in awide variety of modes by using the device's
mode select pins. Each mode select is accessible viaan
internal register as well.

Six programmable mode options provide flexibility and
address the characteristics that vary among the 1553
protocols. The designer can configure the BCRTMP to
operate in awide variety of modes by using the device's
mode select pins. Each mode select is accessible viaan
internal register as well.

MODERQO lllegalization Select

MODEQ illegalization select chooses either DMA or bus
illegalization. A high on thissignal selects DMA
illegalization, while alow on this signal selects bus
illegalization. When the BCRTMP operates as an RT with
the 1553A responsetime, MODEO bit must below because
it isimpossible to meet the 1553A response time and use
DMA illegalization.

Busillegalization isamethod by which the 1553 command
word, minus the RT address, is routed to the Legalization
bus. The BCRTMP usesthisinformation, for example, asa
PROM address. The single-bit output from the PROM then
feeds to the LEGAL input signal of the BCRTMP. If a
command is considered legal, the PROM output is high; if
acommand is considered illegal, the PROM output is low.

DMA illegalizationallowstheBCRTMPtoaccessaspecific
Descriptor Block when it receives a given command. The
Descriptor Block contains information the BCRTMP uses
to determineif the command is considered legal or illegal.

Inbathillegalization methods, if thecommandisillegal, the
BCRTMP sends a status word with the Message Error bit
set (bit 10); it does not transmit data when it receives an
illegal message. When the illegal command is a broadcast
command, and broadcast is enabled, the BCRT suppresses
the status word.

MODE1 Broadcast Enable

The MODEL broadcast enable signal determines whether
the selected protocol contains broadcast commands. When
thissignal is high, the selected 1553 protocol contains the
broadcast option. When the RT addressis 11111 (binary),
the command is considered a broadcast command.

Whenthissignal islow, the selected 1553 protocol selected
doesnot contain the broadcast option. When the RT address
is11111 (binary), the command goes to anormal unique
RT address.

MODE?2 Response Time Select

The MODE2 response time select signal determines the
response time for the statusword. When thissignal ishigh,
the response time is nominally 10ms as measured from the
parity bit's zero crossing to the status word sync

Zero crossing.

When thissignal islow, the response time is nominally
5.0ms as measured from the parity bit’s zero crossing to the
status word sync zero crossing. When the 5.0ms response
timeis selected, the BCRTMP performsillegalization via
the bus.

MODES3 Protocol Selection

MODES3 protocol selection selects between two sets of
protocol options. When this signal is high, the device uses
the 1553B protocol options. When this signal islow, the
deviceusesthe 1553A protocol options. Thefunctionsthese
protocol options affect include mode code execution and
status word bit definition.

When in the 1553B mode, all ones or all zeros in the
subaddress field determine a mode code command. When
in the 1553B mode, the mode codes arerigidly defined
according to MIL-STD-1553B.

When in the 1553A mode, all onesin the subaddress field
indicate a mode code command.

Wheninthe 1553A mode, themode codesaremoreflexible
since the MIL-STD-1553A and derivative specifications
can treat the mode code definitions flexibly. Likewise, the
status word is programmable to accommodate the loose
definition in the MIL-STD-1553A specification.

MODE4 Message Error Handling Method

The MODE4 message error handling method select signal
sel ectsbetween two message error handling methods. When
thissignal is high, the BCRTMP handles message errors as
defined in MIL-STD-1553B. When this signal is low, the
BCRTMP handles message errors asdefined in McDonnell
Douglas A3818. The differences in standards deal with
Manchester and parity errors when they occur in adata
word. With MIL-STD-1553B, when aManchester or parity
error occurs in any data word for a given message, the
correct RT response is to suppress the status word and set
the Message Error bit.

With A3818, when aManchester or parity error occursina
dataword, the RT does not use the erroneous data, but the
status word must be sent with the Message Error bit set. To
provide the means for the RT system to discard only the
erroneousdataword, theBCRTM Pstrobesthe ERRB signal
and places the word count for the erroneous word on the
least significant five bits of the Legalization bus. If only
Manchester or parity errors occur in data words, the
BCRTM Ptransmitsthe statusword with the Message Error
bit set.
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MODES5 Mode Code With Data Select

The MODES5 mode code with data select signal selects
between two 1553A protocol mode code options. Whenthis
signd isinternally pulled high, mode codes with data are
not allowed. As such, no mode code has an associated
dataword.

When thissignal is pulled low, mode codes with data are
alowed; the datarules follow MIL-STD-1553B. mode
codes 00000 - 01111 do not have data. mode codes 10000 -
11111 dohavean associated dataword. Thedataissent from
the RT if the Transmit/Receive bit is 1. The datais sent to
the RT if the Transmit/Receive hit is 0.

Inthe1553A mode(i.e,, MD3islow), theBCRTMPhandles
the dataword as a single data word transmit or
receive command.

In the 1553B mode (i.e., MD3 is high), mode codes
correspond strictly with MIL-STD-1553B.
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Summary

The BCRTMP was designed with thorough consideration
of al characteristics that might vary among a group of
commonly used 1553 protocols. Carefully characterization
of all variable criterialed to creation of a set of
programmable mode options that address all

1553 protocaols.



