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Introduction 

[This introduction is not part of IEEE Std 1149.5-1995, IEEE Standard for Module Test and Maintenance Bus 
(MTM-Bus) Protocol.] 

The purpose for developing this Standard is to provide a cost-effective and standardized backplane module 
test and maintenance interface that can be used to integrate testable modules from different design teams or 
vendors into testable and maintainable subsystems. Standard interface protocol and commands can be used 
to provide the basic test and maintenance features needed for a module as well as access to on-module assets 
(memory, peripherals, etc.) and IEEE Std 1149.1 boundary-scan. Standard commands and functions support 
fault isolation to individual modules and test of backplane interconnect between modules. 

The origins of the protocol for this Standard date back to the United States Department of Defense Very 
High Speed Integrated Circuits (VHSIC) program in 1986. In that program there was a need to develop a test 
and maintenance architecture that would be common between the three contractors (Honeywell, IBM, and 
TRW). This test and maintenance architecture included a backplane test and maintenance bus as well as a 
chip-level test bus. The backplane test and maintenance bus was further developed for use in several 
advanced avionics programs. Following the completion of these applications to avionics, significant interest 
in developing an industrial standard based on this test and maintenance bus were registered. The level of 
interest was sufficient to initiate the development of a backplane test and maintenance protocol standard as a 
sibling to the other test-related buses that were being developed in the IEEE 1149 group of standards (1990). 
The chip-level test architecture of the VHSIC program had previously been folded into IEEE Std 1149.1. 

Work on the module test and maintenance bus (referred to herein as “MTM-Bus”) began with the final draft 
from the previous Department of Defense efforts. This draft was significantly modified to remove all project 
specific artifacts from previous standardization efforts ant1 generalized 10 allow applicability to all types of 
systems. An additional major effort was required to clarify anibiguiiics so Lhat different vendors of IEEE Std 
1149.5 protocol chips could provide parts able to communicate and be interoperable. The total revision and 
expansion effort took approximately four years and added almost 150 pages to the document. It is interesting 
to note that the document went through a letter ballot review by more than 100 engineers, who had no sub- 
stantial comments, except for one negative review (later withdrawn) that disagreed with the fundamental 
nature of the interface. 

In 1995, the VME Standards Organization (VSO) included the IEEE Std 1149.5 MTM-Bus in their VME64 
group of standards, which specifies a backplane for embedded systems. Work is continuing on the applica- 
tion of the MTM-Bus in VME64 standard extensions and applications. 

At the time of approval of this standard, the PI 149.5 MTM-Bus Working Group had the following member- 
ship: 

Patrick F. McHugh, Chair 
Rodham E. ’lhlloss, Technical Editor 

Dave Heiligenstein 
Christopher M. Henwood 
Chuck Hudson 

Gerry Kendzior 
Russell A. Mansfield 

Jeffrey W. Lundy 
Michel Parot 
Gregory D. Young 

... 
1 1  
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IEEE Standard for Module Test and Maintenance 
Bus (MTM-Bus) Protocol 

1. Overview 

1.1 Scope and objectives 

1.1.1 Scope 

This document standardizes a serial, backplane, test and maintenance bus (referred to herein as 
“MTM-Bus”), consisting of one or more logic boards, that can be used to integrate modules from different 
design teams or vendors into testable and maintainable subsystems. (In this document “board” is used in a 
broad sense to mean an assembled, usually field-replaceable, unit immediately above the device-level in a 
system’s assembly hierarchy-e.g., assembled printed wiring boards, assembled multichip modules, etc.) 
The bus protocol defined in this document standardizes a method for communication of test and mainte- 
nance commands and serial data between a subsystem test control module (MTM-Bus Master module) and 
the other modules (MTM-Bus Slave modules) on the bus. The MTM-Bus may be implemented as part of an 
overall test and maintenance interface architecture that includes other test buses. 

1.1.2 Objectives 

The MTM-Bus is intended for use in the testing, diagnosis, and maintenance of electronics subsystems and 
modules. Permissions and recommendations have been incorporated into the MTM-Bus protocol that allow 
it to be tailored for use in commercial computers, telecommunications, avionics, defense electronics, and 
many other applications. The MTM-Bus may be used to support the following: 

- Module test. Testing of modules during manufacturing to provide fault isolation of defects to individ- 
ual components. 

- Subsystem test. Off-line testing of modules while contained within a subsystem, and the testing of 
interconnections between modules within a subsystem. 

- Subsystem diagnostics. On-line diagnostics within a system to support logging of detected errors, ini- 
tiation of self-test, reconfiguration of subsystem resources, and other diagnostic functions. 

- Sojiwarehardware development, Access to a module or subsystem state by use of low-level observ- 
ability/controllability techniques (e.g., scan, boundary scan, etc.). Use of these techniques may allow 
for reduced hardwarehoftware development costs and decreased time to market. 

To support these applications, the MTM-Bus is designed as a serial backplane bus with a multidrop topol- 
ogy. As the multidrop bus signals are common between all modules, a board may be removed from the back- 
plane without breaking the communication link between other modules in the backplane. With the 
appropriate Physical Layer design, the protocol supports access between a single MTM-Bus Master module 
and up to 250 individually addressable MTM-Bus Slave modules. Addressing is defined so that the MTM- 
Bus Master may communicate with one, some, or all of the Slaves at one time. The physical backplane char- 
acteristics will define the maximum number of MTM-Bus modules that can be used in a given application. 

A primary concern in the development of the MTM-Bus Standard was to minimize the cost of implementa- 
tion while still deriving the benefits of improved testability and maintainability. For this reason, a serial bus 
with a limited number of signals was selected. A masterklave protocol is used to keep the protocol simple; 
thereby reducing interface circuitry and software requirements. The bus is synchronous to simplify the back- 
plane design and to simplify simulation of bus performance. 

1-1 
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Because the MTM-Bus may be used to transmit a significant amount of data, such as serial test patterns, the 
protocol supports full duplex data transfer operations. Although the detailed timing and electrical parameters 
of the bus are not specified in this document, a general timing approach is defined that allows a MTM-Bus 
interface device to support a broad range of applications. The maximum bus performance for a particular 
system is governed by the maximum capabilities of the bus interface devices and the worst-case system tim- 
ing budget. To aid interoperation of modules from multiple vendors, a dual-edge clocking approach is uti- 
lized. The dual-edge approach allows the system designer to select a MTM-Bus clock waveform that 
balances the system performance requirements with the modules’ capabilities and the backplane timing 
parameters. 

As the bus is intended to be usable in-system, the bus provides a number of fault detection and fault toler- 
ance features. Optional features have been defined that may be included for a particular test architecture. 

To support the requirements described previously, the protocol identifies commands to provide for the fol- 
lowing functions: 

- Initialization of modulelsubsystem 
- Accessing lower-level test buses 
- Testing of module interconnections 
- Interrupt control and handling 
- Accessing module identification 
- Accessing module fault logs 
- Forcing modules off- and on-line 
- Accessing module built-in 
- Private and public user extens 

1.2 The interconnection of 

As designs have become more complex and difficult to test, design-for-test features (e.g., internal scan, 
IEEE Std 1149.1 boundary-scan, and built-in test) are being integrated into component designs to aid in 
component, board, subsystem, and system test and maintenance. Since these techniques do not use “func- 
tional” methods to test the circuitry, alternate paths are needed to access on-chip design-for-test features. 
These alternate paths have to be kept both simple and dedicated to test and diagnostic functions so that boot- 
strapping to complete module testing from a testable kernel is feasible. 

When components are assembled on boards, boards into subsystems, and subsystems into systems, a hierar- 
chy of test buses is needed to retain access to the design-for-test features in the final product. Such a hierar- 
chy of test buses is depicted in figure 1-1. The MTM-Bus has been developed to meet the requirements for a 
backplane bus in such a bus hierarchy. As shown in figure 1-1, the =-Bus provides subsystem test con- 
trol (e.g., maintenance module, service console, etc.) access or external test equipment access to test features 
on modules within a subsystem. 

The actual use of the MTM-Bus will vary with the system test and maintenance strategy adopted. Two 
extremes would be highly “centralized” and highly “distributed” approaches. A distributed approach pushes 
as much of the test and maintenance function to the individual modules as possible. A centralized approach 
uses a centralized test control module or serial test equipment to sequence low-level module testing steps. 
The benefits of both distributed and centralized approaches are outlined in the following lists. 

Benefits of distributed approach: 

- 

- 

1-2 

Interoperability. In a system where modules are provided by a number of different design teams, a 
distributed approach allows backplane integration to proceed more smoothly. 
Reduction in test time. It is possible that test time at the system level can be reduced if two or more 
modules can be tested concurrently. 
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NOTE-Hierarchical serial test buses may be used to access module- and component-level design-for-test features. 

Figure 1-1 -Hierarchy of test and maintenance buses 

- SimpliJcation of software. Since the distributed test circuitry and software allows for higher-level 
test functionskommands, less software is required in the Subsystem Test Control module (figure 1-1) 
for each specific type of module. Distributed software can reduce the software development time and 
simplify module upgrades. 
Containment of bus trafic. If self-test routines and test patterns are contained on the individual mod- 
ules, bus traffic is restricted to high-level commands and compressed test results. 

- Znterchangeability. If test patterns or procedures specific to a module’s low-level design are con- 
tained within the module, then modules with identical function, but different design, can be made 
fully interchangeable. 

- 

Benefits of a centralized approach: 

- Cost reduction. By centralizing the te on to a single processor on a Subsystem 
Test Control module (figure 1-l), test seq y is not required on each module. This can 
reduce the cost of the test interface and control circuitry on each module within the system. 
Simplicity. If the test interface on each module does not contain any module-specific test information, 
a common test interface can be used on a large number of modules without need for module-specific 
programming. 

- 

1.3 Relationship to other test buses 

The MTM-Bus is intended for use as a backplane serial test bus that may be used in parallel with, or in an 
hierarchy with, other test buses. The MTM-Bus and on-module test buses may be connected as shown in fig- 
ure 1-2 to allow access to the component test features. 

1.4 Overview of MTM-Bus operation/protocol 

The MTM-Bus is a synchronous, serial, backplane bus comprised of four required signals and an optional 
fifth signal, as detailed in figure 1-3. An MTM-Bus Master module can communicate with up to 250 individ- 
ually addressable MTM-Bus Slave modules. The bus is designed to have a single bus master; however, bus 
mastership may be transferred to backup masters in fault-tolerant configurations of the bus. The multidrop 
architecture and addressing capabilities of this Standard allow the MTM-Bus Master to address and commu- 
nicate with one, some (multicast), or all (broadcast) of the MTM-Bus Slave modules on the bus. 
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NOTE-Translation may be provided by the use of a test-bus interface device. A separate bus transceiver may 
also be used to customize the physical protocol for specific applications. 

Figure 1 -2-Translation between the MTM-Bus and on-module test buses 

Clock 
Source 

L ._ . 

NOTE-These signals include the test-bus clock (MCLK [free-running and externally sourced in this 
example]), MTM-Bus Master and Slave Data signals (MMD and MSD), the Control signal (MCTL), and the rec- 
ommended Pause Request signal (MPR). 

Figure 1-3- Backplane MTM-Bus signals 

The MTM-Bus Master communicates with MTM-Bus Slaves using messages that consist of a series of 
packet transfers. A message consists of a HEADER packet, an optional ACKNOWLEDGE/PACKET 
COUNT packet, and a variable number of DATA packets. 

Figure 1-4 depicts a standard format for an MTM-Bus message. To start a message, the MTM-Bus Master 
transmits a HEADER packet that includes the addresses of the MTM-Bus Slaves who are to participate in 
the message sequence along with a command. If a single MTM-Bus Slave is addressed and the HEADER 
packet includes a request for an ACKNOWLEDGE packet, the MTM-Bus Master sends the PACKET 
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COUNT packet while the addressed MTM-Bus Slave is returning the ACKNOWLEDGE packet. This 
PACKET COUNT packet identifies how many packets the MTM-Bus Master expects to transfer during the 
message exclusive of HEADER and PACKET COUNT packets. The message may then include the transfer 
of DATA packets between the MTM-Bus Master and the single addressed MTM-Bus Slave module depend- 
ing upon the command. If multiple MTM-Bus Slaves are addressed (i.e., via broadcast or multicast address- 
ing), no ACKNOWLEDGE packet is sent and any transfer of DATA packets is only from the MTM-Bus 
Master to the MTM-Bus Slaves. In the broadcast and multicast cases, the MTM-Bus Master receive a con- 
stant logic &the value of the Slave Data line (figure 1-3) when it is not actively driven by any MTM-Bus 
Slave. The number of DATA packets to be transferred is dependent upon the type of command contained 
within the HEADER packet. 

MASTER MODULE PACKETS SLAVE MODULE PACKETS 

I I 

I PACKETCOUNT I 7 I ACKNOWLEDGE I 
st M-module DATA I I 1st S-module DATA I 

NOTE-MTM-Bus messages consist of a single HEADER packet, an optional ACKNOWLEDGUPACKET 
COUNT packet pair, and a variable number of DATA packet pairs. 

Figure 1-&Sample MTM-B message format 

All packet transfers occur under the control of the MTM-Bus Master module. Addressed MTM-Bus Slave 
modules may request that the MTM-Bus Master insert additional Pause states between data packet transfers 
by asserting the Pause Request (MPR) signal. This feature may be used to accommodate slow MTM-Bus 
Slaves or to simplify data flow control across asynchronous interfaces. 

MTM-Bus Slave modules may also request the attention of the MTM-Bus Master by sending an interrupt, 
multiplexed on the Slave Data (MSD) signal wire, at any time between packet transfers. As there is only one 
MSD input to the MTM-Bus Master module, the MTM-Bus Master may need to identify the interrupting 
module via polling or by the Contend for Bus command (16.4.1). 

1.5 MTM-Bus protocol layers 

The individual layers of the MTM-Bus protocol are identified in this document to simplify understanding of 
the bus protocol and to clarify bus requirements. The bus protocol includes Physical, Link, and Message 
Layers as shown in figure 1-5. 
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The Physical Layer requirements specify the physical interconnections that comprise the bus. This includes 
the specification of the minimum requirements regarding physical interconnections, signal characteristics, 
and timing characteristics. The minimum requirements for the Physical Layer are specified in clause 4. The 
Physical Layer characteristics that are specific to system technology are not defined in this Standard. 

The architecture of the MTM-Bus and its addressing scheme are specified in clause 3. 

The Link Layer requirements specify the protocol features that permit error-free packet transfer between the 
MTM-Bus Master and one or more MTM-Bus Slaves. These features include serialization/packetization of 
information, parity generation and checking, and address recognition. The Link Layer also provides for the 
multiplexing of data and control functions on single wires. The requirements for the Link Layer are specified 
in clauses 5 through 11 of this Standard. 

Message 
Layer 

Applications 

Master 
Link 

Layer 

Message Applications 
Layer 

Physical Layer I 
NOTE-The MTM-Bus protocol includes Physical Layer, Link Layer, and Message Layer protocols. 

Figure l-5-Protocol layers 

Message layer requirements specify thc SYllIilY f o r  inessages and id fies the functions that have to or can 
be supported by the MTM-Bus Mastcr o r  klTM Bus Slaves. Requirements for the Message Layer are speci- 
fied in clauses 12 through 20. 

Port requirements describe a set of recommended or permitted data sourcesldestinations (called ports) that 
may be useful in some S-modules. A port may be as simple as a register or as complex as an application 
interfacing this Standard to an on-module test bus. Data is transferred to/from ports during execution of Data 
Transfer class (15.1.1; clause 17) commands. Requirements for ports are found in clause 21. Requirements 
for recommended ports interfacing an MTM-Bus to the IEEE Std 1149.1 test bus are found in clauses 21.10 
through 21.12. 

Documentation requirements are to be found in clause 22. 

1.6 Extensions to this Standard 

The basic protocol defined herein for the MTM-Bus may be extended to meet the needs of specific applica- 
tions-as detailed by the recommendations and permissions. These extensions may address such areas as 
fault tolerance, electrical characteristics, and others that allow the I~fr'M-Bus to be adapted to user applica- 
tions. 

An example of one of these MTM-Bus-based extensions is a test and maintenance bus system for avionics 
applications that is being developed by the Society of Automotive Engineers (SAE) Avionics Systems Divi- 
sion members (see SAE AS4765).' This system will contain dual MTM-Buses (2 sets of 5-wire MTM- 

'Information on references can be found in 2.4. 
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Buses), a fault recovery protocol, and additional Physical Layer requirements. This system will also include 
a protocol allowing “backup” MTM-Bus Master modules to monitor bus traffic to verify that the current 
MTM-Bus Master module is functioning correctly. 
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2. Conventions, definitions, and references 

2.1 Document outline 

Bus protocols such as that defined by this Standard are more easily understood if their specifications are 
accompanied by general descriptive material that places the details of the various parts of the protocol in 
perspective and provides implementation examples. Clause 1 contains an overview of the application of this 
Standard to test and maintenance of electronics subsystems. Clause 2 contains reference information that 
should be helpful in interpreting the subsequent clauses of the Standard. Clauses 3 through 22 contain the 
specifications for particular features of this Standard. The two classes of material contained in clauses 3 
through 22 are described in 2.1 1 and 2.1.2. 

2.1.1 Specifications 

Subclauses entitled “Specifications” contain the rules, recommendations, and permissions that define this 
Standard: 

- Rules specify the mandatory aspects of this Standard. Specifications that are rules contain the word shall. 

Recommendations indicate preferred practice for designs that seek to conform to this Standard. Specifica- 
tions that are recommendations contain the word should. 

Permissions show how optional features may be introduced into a design that seeks to conform to this Stan- 
dard. These features will extend the application of the protocol defined by the Standard. Specifications that 
are permissions contain the word may. 

2.1.2 Descriptions 

Material not contained in subclauses entitled “Specifications” is descriptive material that illustrates the need 
for the features being specified, an example of their application, or other relevant information. This material 
includes bus packet or message sequences or schematic t illustrate a possible implementation of the 
specifications in this Standard. The descriptive material discusses design decisions made during the 
development of this Standard. 

NOTE-The descriptive material contained in this Standard is for illustrative purposes only and does not define 
a preferred implementation. 

2.2 Conventions 

The following conventions are used in this Standard: 

a) The rules, recommendations, and permissions in each Specifications subclause are contained in a 
single alphabetically indexed list. References to each rule, recommendation, or permission are writ- 
ten in the following form: 

15.1. IC (ii) 

‘1 Subclause number 

Index (if any) 

b) State and packet names defined in this Standard are written entirely in capital letters in the text of 
this Standard. 
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c) 

d) 

e) 

f) 

g) 

A positive logic convention is used for all figures io this document, i.e., a logic 1 value designates 
the most positive of the two voltages used for signals, including the MTM-Bus clock signal, MCLK. 
When a set of related bits are denoted by a common name, the bits within the set are identified by 
number with the least significant bit numbered 0. 
The identifier for a single bit in a series of related bits (e.g., a packet) is the bit position number in 
the series enclosed in angle brackets (“e” and ‘5”). 
The expression <m..n> is used as an abbreviated identifier for a series of bits m to n, inclusive (e.g., 
the bits in a register or packet), where m and n are the most and least significant bits, respectively. 
The phrases “signal driver(s),” “signal output(s),” and “signal input@),” when implicitly or explic- 
itly refemng to MTM-Bus signals, shall be taken to refer to one or more MTM-Bus signals exclu- 
sive of MCLK unless explicitly indicated otherwise. 
M-module is used as an abbreviation for “MTM-Bus Master module.” 
S-module is used as an abbreviation for “MTM-Bus Slave module.” 
In all diagrams depicting registers, packets, and data fields within registers and packets, the most 
significant bit (msb) of each depicted element is assumed to be left-most within the rectangle defin- 
ing the data entity. 
Any reference to a figure in this document is intended to reference all drawings and text in that fig- 
ure. 

h) 
i) 
j) 

k) 

2.3 Definitions 

The following terms are used within this Stantiard. Clause, subclause, table, or figure numbers are given in 
parentheses to indicate specific places in the text where terms are discussed in detail. 

2.3.1 ACKNOWLEDGE packet: The first packet returned by an individually addressed S-module that con- 
veys to the M-module that the appropriate S-module is responding and indicates the current status of the 
responding S-module (5.3). 

2.3.2 active: When associated with a logic level (e.g., in the word “activc-low”), this term identifies the 
logic level to which a signal shall be set to cause a defined action io occur. When referring to an output 
driver (e.g., in the phrase “an active driver”), this term describes the mode in which the driver is capable of 
determining the voltage of the network to which it is connected 

2.3.3 amnesia address: The module address (‘FA’ HEX) to which a module will respond as though 
uniquely addressed if that module (1) i~ii~~loiiimls thc abilily lo  11~l;f~~t w l i o i  iI  ciilmot determine its address 
unambiguously and (2) detects that it c‘Iiiiio1 t k k i  iiiiiic. its atltlrcsh on;itr~higtioiisl~ (3.3). 

2.3.4 application logic: That portion of a module that excludes the MTM-Bus interface logic (figure 2-1). 

2.3.5 assert: To change the value of a bus signal from logic 0 (released) to logic 1 (asserted) or ensure that 
such a signal remains at a logic 1. 

2.3.6 asserted: Having a current value equal to logic 1 (said of any signal). 

2.3.7 backplane: Motherboard comprising connectors for the modules of a system and wiring interconnect- 
ing those modules. The intermodule wiring of the MTM-Bus is expected to be on this motherboard. 

2.3.8 BMR: Acronym for “broadcastlmulticast received.” See 2.3.10. 

2.3.9 broadcast: A mode of operation of the MTM-Bus in which an MTM-Bus Master transmits data to all 
connected S-modules simultaneously throughout a message. Also, a message transmitted in this mode. 
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2.3.10 Broadcast/Multicast Received (BMR) bit: A bit in the Bus Error register of all S-modules. An 
S-module sets this bit to indicate that the last broadcast or multicast message was received without error 
(9.3). 

2.3.11 BSE: Acronym for “Bus Error.” (See 2.3.14.) 

2.3.12 BSY: Acronym for “Slave Busy.” (See 2.3.123.) 

2.3.13 BTL: Acronym for “backplane transceiver logic.” 

2.3.14 Bus Error (BSE) bit: A bit in the Slave Status register of every S-module that is set by the S-module 
when a Bus Error is recorded in the Bus Error register (9.2). 

2.3.15 Bus Error register: A status register that is required to be implemented in the MTM-Bus interface 
circuitry of every S-module. Bits in this register provide the S-module with the ability to record error condi- 
tions associated with message transmission. The register may be interrogated by the M-module. Some bits in 
the register are reserved for application-specific uses (9.3). 

2.3.16 class: See: commands, class of; messages, class of. 

2.3.17 clear: To force the contents of one or more storage elements to the logic 0 state. 

2.3.18 clock: A signal, the transitions of which (between the low and high logic level [or vice versa]) are 
used to indicate when a stored-state device, such as a flip-flop or latch, may perform an operation. 

2.3.19 collision: The condition occurring when two MTM-Bus modules are simultaneously MTM-Bus driv- 
ers and are attempting to drive a MTM-Bus signal to complementary values (one driving logic 1, one driving 
logic 0). 

2.3.20 commands, class of: One of the groups of MTM-Bus commands. Every MTM-Bus command is 
assigned to a command class (15.1). 

2.3.21 Command Resource Unavailable (CRU) bit: A bi the Bus Error register of all S-modules. An S- 
module sets this bit to indicate that resources required to complete execution of a command were not avail- 
able and that the command was not executed. 

2.3.22 Command Sequence Error (CSE) bit: A bit in the Bus Error register of all S-modules. An S-mod- 
ule sets this bit to indicate that the module has received a command that requires a previous enabling com- 
mand without receipt of such an enabling command (9.3). 

2.3.23 command X, receipt of: Error-free receipt of the HEADER packet containing in its Command field 
the command code of X. 

2.3.24 contend: To actively and simultaneously vie for the attention of the MTM-Bus Master module (said 
of a group or one or more S-modules). 

2.3.25 critical control command: An MTM-Bus command that has significant effect on the operation of a 
module to a degree that, for added security, a message conveying such a command should be difficult to 
send unintentionally. This Standard provides that a message containing a critical control command has to be 
proceeded by an Enable Module Control (EMC) message (15.1; table 15.1; 16.10). If this procedure is not 
followed, a Command Sequence Error (1 1.9) will occur. 

2.3.26 CRU: Acronym for “Command Resource Unavailable.” (See 2.3.21 .) 
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2.3.27 CSE bit: Acronym for “Command Sequence Error.’’ (See  2.3.22.) 

2.3.28 Data Overrun Error @OR) bit: A bit in the Bus Error register of dl S-modules. An S-module sets 
this bit to indicate that the module has received input data from the M-module when the S-module was not 
ready to receive it (9.3). 

2.3.29 DATA packet: Any packet other than a HEADER PACKET COUNT, or ACKNOWLEDGE packet. 

2.3.30 DOR: Acronym for “Data Overrun Error.” ( S e e  2.3.27.) 

2.3.31 ECL: Acronym for “emitter coupled logic.” 

2.3.32 EMC: Acronym for “Enable ModuIe Control.” 

2.3.33 error bit: A bit in a status register of an S-module that is associated with detection of some error 
detected by that S-module (1 1.1.1). Such bits may be found in the Bus Error register (9.3.1), the optional 
Module Status register (9.4.1), or in an Additional Status register (9.5.1). Error bits of the Bus Error register 
affect the value of the BSE bit of the Slave Status register (9.2.1). Error bits of the optional Module Status 
register or of an Additional Status register are permitted to affect the value of either the BSE bit or EVO bit 
of the Slave Status register. 

2.3.34 Event Occurrence (EVO) bit: A bit in the Slave Status register of every S-module that is set by the 
S-module when a module-application-related condition requiring an interrupt has occurred (9.2). 

2.3.35 EVO bit: Acronym for “Event Occurrence.” ( S e e  2.3.34.) 

2.3.36 falling edge: The transition from a logic ane to logic zero. 

2.3.37 fsm: Acronym for “finite state machine.” 

2.3.38 HEADER packet: A packet originating in the MTM-Bus Master that is the first packet of an MTM- 
Bus message, The HEADER packet includcs an address and a command field. The address identifies which 
S-module(s) are to interpret and act upon the command contai 

2.3.39 IBIT: Acronym for “initiated built-in test.” 

2.3.40 Idle Interrupts Enabled (IIE) bit: A bit in the Slave Statws register of every S-module that is set to 
indicate that the S-module may generate an intempt during S-idle slates (9.2). 

2.3.41 idle state: Any Link Layer Controller state the name of which begins with the uppercase letters 
“IDLE’ (6.1.1; 7.1.1). Such states in the MTM-Bus Master Link Layer Controller are called M-idle states 
and in the MTM-Bus Slave Link Layer Controller are called S-idle states. 

wishin the command field (5.2). 

2.3.42 IIE: Acronym for “Idle Interrupts Enabled.” (See 2.3.40.) 

2.3.43 ILC: Acronym for “Illegal Command.” (See 2.3.44.) 

2.3.44 Illegal Command (ILC) bit: A bit in the Bus Error register of all S-modules. An S-module sets this 
bit to indicate that the module has received an illegal command (9.3; 16.17). 

2.3.45 inactive: When referring to an output driver (e.g., in the phrase “an inactive driver”), this term 
describes the mode in which the driver is not capable of determining the voltage of the network to which it is 
connected. 
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2.3.46 Incorrect Packet Count (IPC) bit: A bit in the Bus Error register of all S-modules. An S-module 
sets this bit to indicate that, with respect to a just completed message transfer, either the S-module has 
received a request for an ACKNOWLEDGE packet and was not given the opportunity to send it or, in the 
case of an S-module in which the packet counting option is implemented (14.2.1), that it received a different 
number of packets than was specified in the PACKET COUNT packet (9.3). 

2.3.47 interoperable: Said of two modules indicating that they may both be placed on the same physical 
MTM-Bus without causing errors of operation. 

2.3.48 interchangeable: Said of two modules that, although possibly of different design, perform identical 
functions and have identical interface characteristics. 

2.3.49 Illegal Port Selected (IPS) bit: A bit in the Bus Error register of all S-modules. An S-module sets 
this bit to indicate that the module has received a command addressed to an unsupported port (9.3). 

2.3.50 IPC: Acronym for “Incorrect Packet Count.” (See 2.3.46.) 

2.3.51 IPS: Acronym for “Illegal Port Selected.” (See 2.3.49.) 

2.3.52 least significant bit (lsb): The bit having the smallest effect on the value of a binary numeral; usually 
the right-most bit in figures. 

2.3.53 least significant word (lsw): In a multiword representation of a binary number, the word containing 
the lsb of that number. 

2.3.54 logic 0 (logic zero): The lowest voltage value of the two logic levels on an active-high signal and the 
highest voltage value of the two logic levels on an active-low signal. 

2.3.55 logic 1 (logic one): The highest voltage value of the two logic levels on an active-high signal and the 
lowest voltage value of the two logic levels on an active-low signal. 

2.3.56 lsb: Acronym for “least significant bit.” (See 2.3.52.) 

2.3.57 Isw: Acronym for “least significant word.” (See 2.3.53.) 

2.3.58 Master-capable: Said of an MTM-Bus module that is an S-module at a given time, but contains 
appropriate circuitry so that it may be converted by system control to an M-module if required. 

2.3.59 Master Controller state: A state of the fsm (figure 6-1) required of M-modules that controls 
M-module Link Layer behavior with regard to message transmission. 

2.3.60 M-Controller: Abbreviation for “MTM-Bus Master Link Layer Controller.” 

2.3.61 MFS bit: Acronym for “Module Fail Status.” (See 2.3.72.) 

2.3.62 message: A set of packets starting with a HEADER, consisting of that HEADER and all 
(ACKNOWLEDGE and DATA) packets transmitted as the immediate consequence of the command in that 
HEADER, and terminating when the M-module returns to the IDLE Master Controller state. 

2.3.63 messages, class of: A group of messages having in the Command fields of their respective HEADER 
packets command codes of commands belonging to a single class of commands (table 15-1). The name, C, 
of a class of messages is the same as the name of the class of commands that defines the class C. 
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2.3.64 messages, species of: A group of messages having in the Command fields of their respective 
HEADER packets a common command code (table 15-1). The name, S, of a message species is the same as 
the name of the command that defines the message species. 

2.3.65 MICT Acronym for “Module U0 Control and Test” (clause 19). 

2.3.66 MIST Acronym for “Module Initialization and SeLf-Test” (clause 18). 

2.3.67 M-module: Abbreviation for MTM-Bus Master module. 

NOTE-An MTM-Bus module consists of MTM-Bus intetface logic and inodule application logic. 

Figure 2-1-MTM-Bus module 

2.3.69 module address: An eight-bit 8. a? 

2.3.70 Module Fail Status (MFS) bit: A I:ii i r t  l!ic S1;ti-L: Simiis r q i s l ~ r  ( ~ l ’ c ~ a y  S-module that is set by the 
S-module when the module’s built-in I.+! Iias !%led (ir is cttl-rcn~.ly cxeciaitig (9.2). 

2.3.71 Module Status register: A status register thar4s recommended to be implemented in the MTM-Bus 
interface circuitry of every S-module. The bits in this register are defined by the manufacturer of the MTM- 
Bus interface circuitry of an S-module. ‘l’lic  IS (4 s:xIi ii r~yislci- itiaj serve to record error-condition detec- 
tion or the module’s application-related it:tlli!: f0.4j. 

tiliib;t1dy idriiliiyi:i; i\il 6l.l $i-I{tis module. 

2.3.72 most significant bit (msb): The bit having the greatest effect on the value of a binary numeral; usu- 
ally the left-most bit in figures. 

2.3.73 most significant word (msw): In a multiword representation of a binary number, the word containing 
the msb of that number. 

2.3.74 msb: Acronym for “most significant bit.” 

2.3.75 MSBO; MSB1: Acronyms for “multicast select bit 0” and “multicast select bit 1.” 

2.3.76 MSD: Acronym for “MTM-Bus Slave Data.” 

2.3.77 msw: Acronym for “most significant word.” (See 2.3.76.) 
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2.3.78 MTM-Bus: A serial, backplane, test and maintenance bus, consisting of one or more logic boards, 
that can be used to integrate modules from different design teams or vendors into testable and maintainable 
subsystems, as specified in this Standard. 

2.3.79 MTM-Bus interface logic: The portion of a module that is designed for the purpose of MTM-Bus- 
compliant communication and through which takes place all the communication between the given module 
and any other on a given MTM-Bus implementation (7.2). MTM-Bus interface logic need not be defined on 
the basis of physical package boundaries. 

2.3.80 MTM-Bus Master: The module in control of the MTM-Bus. This is the module that, at a given time, 
is sourcing MCTL and MMD. 

2.3.81 MTM-Bus mastership: Property of being the current MTM-Bus Master module. 

2.3.82 MTM-Bus Slave: An MTM-Bus module that cannot command actions of other modules on the bus, 
but that may be selected by the MTM-Bus Master module to participate in a message. 

2.3.83 multicast: A mode of operation in which the M-module transmits data simultaneously (i.e., during a 
single message) to a predefined subset of the -modules currently connected to the bus. Also, a message 
transmitted in this mode. 

2.3.84 multicast select bit 0; multicast select bit 1 (MSBO MSBl): Those bits in the Slave Status register 
of every S-module by means of which the S-module is programmed to be a member of one of the four possi- 
ble multicast select groups. 

2.3.85 multicast select group: A group of S-modules that may be addressed simultaneously in a multicast. 
Four such groups are possible. Each has an address defined by this Standard (3.3). The multicast select 
group of an S-module is programmable. See also: multicast select bit 0; multicast select bit 1 (MSBO; 
MSB 1). 

2.3.86 multidrop: Said of the configuration of a bus with a single shared medium segment that allows one 
or more of its module connectors to be unoccupied without disturbing bus operation. 

2.3.87 non-NULL DATA packet: A DATA packet other than a NULL packet. 

2.3.88 null DATA packet: See: NULL packet. 

2.3.89 NULL packet: A special type of DATA packet containing a data field entirely filled with logic zeros 
and a parity bit equal to logic one (5.6). Syn: null DATA packet. 

2.3.90 off-line: Used to describe an MTM-Bus module when it is in a mode such that it will not respond to 
state transitions on MTM-Bus signals whether or not the module is connected to the bus. Also used to 
describe such a mode. 

2.3.91 packet: A 17-bit unit of data consisting of a 16-bit word plus 1 parity bit. 

2.3.92 PACKET COUNT packet: A packet by means of which an M-module conveys to addressed 
S-modules the number of packets to follow in the current message. S-modules may or may not include the 
ability to use the data in this packet (5.4). 

2.3.93 packet latency: During a sendreceive message, the number of packet transfers by which the first 
non-NULL DATA packet returned by the addressed S-module lags the first non-null DATA packet transmit- 
ted by the M-module. 
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2.3.94 packet pair: Two packets, one transmitted by the M-module and one by an S-module, such that the 
last 14 bits of the M-module-originated packet are transmitted simultaneously with the first 14 bits of the S- 
module-originated packet. 

2.3.95 Parity Error (PRE) bit: A bit in the Bus Error register of all S-modules. An S-module sets this bit to 
indicate that the module has detected a Parity Error on a DATA packet received (9.3). 

2.3.96 participate: With regard to the action of an S-module during message transmission, to exe 
command contained in the HEADER packet of the current message and return packets as required by that 
command and by the state of the Acknowledge bit in the HEADER packet. The handling of some errors may 
cause an S-module to cease to participate in a message (clause 1 l w . g . ,  by ceasing to execute the current 
command, by returning NULL packets when data is expected, by driving a constant value on the MSD sig- 
nal without regard to packet transmission timing, etc. 

2.3.97 Pause Interrupt Enabled (PIE) bit: A bit in the Slave Status register of every S-module that is set to 
indicate that the S-module may generate an interrupt during the PAUSE Slave Controller state when the S- 
module is addressed (9.2). 

2.3.98 PIE: Acronym for “Pause Interrupt Enabled.” (See 2.3.101.) 

2.3.99 port: A source or destination of d 
an S-module (clause 21). A port may be 
to a module, or some other mechanism t 

r class command~into andor out of 

a Data Transfer class command. 

2.3.100 PORT ID packet: The first D ta Transfer class message. This packet 

2.3.101 Port Transfer Error: A port-specific error 
command or data to/from a currently selected port. 

2.3.102 Port Transfer Error (PTE) bi 

e failure with relation to transmission of 

all S-modules. An S-module sets 

stands for “Port Transfer Error” (9.3). 

2.3.103 PRE: Acronym for “Parity Error.” (See 2.3.99.) 

2.3.104 PTE: Acronym for “Port Transfer Error.” (See 2.3.106.) 

2.3.105 release: To cease to assert a logic 1 on a bus signal line. (One module’s releasing a signal line pro- 
duces a change in value of the signal line only if no module is asserting the signal.) 

2.3.106 released: Having a value equal to logic 0 (said of any signal). Equivalently, in the case of an MTM- 
Bus signal line, not asserted by any module on the bus. 

2.3.107 reset: When describing the operating status of an S-module, the state of the S-module’s Status reg- 
isters defined by 9.2.lb, 9.3.lb, 9.4.1b, and 9.5.1b-the state of these registers produced by execution of the 
Reset Slave Status command (16.3.1). 
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2.3.108 response: In the context of message transmission, the set of packets sent by an S-module during a 
single message. In the context of the operation of S-modules, an S-module’s action that is a direct conse- 
quence of the command most recently received by that S-module. 

2.3.109 rising edge: A transition from a logic zero to a logic one. (See tLH in 4.4 and in figure 4-4.) 

2.3.110 S-Controller: Abbreviation for “MTM-Bus Slave Link Layer Controller.” 

2.3.111 S-module: Abbreviation for “MTM-Bus Slave module.” 

2.3.112 SBIT: Acronym for “Start-up Built-in Test” (performed at power-up or after resets of a module). 

2.3.113 SDF: Acronym for “Slave Data Fault.” (See 2.3.125.) 

2.3.114 select: To identify and fix (for the duration of the current message) a port to which data of a Data 
Transfer class message are to be directed. 

2.3.115 sequence: A set of bits, packets, or messages ordered in time and that are, or that are intended to be, 
transmitted consecutively without interruption. 

2.3.116 set (used as a verb): To force the contents of one or more storage elements to a logic 1. 

2.3.117 simple message: An MTM-Bus message that consists of no more than a HEADER and, optionally, 
an ACKNOWLEDGJYPACKET COUNT packet pair. 

2.3.118 singlecast: A mode of operation in which the M-module transmits data to a single S-module. Also, a 
message transmitted in this mode. 

2.3.119 Slave Busy (BSY) bit: A bit in the Slave Status register of every S-module that is set by the S-mod- 
ule when the application logic of the S-module is executing a previously transmitted MTM-bus instruction 
or is executing its power-up sequence. 

2.3.120 Slave Controller state: A state of the fsm (7.1.1 
Link Layer behavior during message transmission to the module. 

quired of S-modules that controls S-module 

2.3.121 Slave Data Fault (SDI?) bit: A bit in the Bus Error register of all S-modules. An S-module sets this 
bit when it is transmitting on the MSD signal and detects a fault on that signal. 

2.3.122 Slave Status register: A status register that is required to be implemented in the MTM-Bus inter- 
face logic of every S-module. Bits in this register are used to record such items of module status as interrupt 
enable status, whether an error condition has O C C U K ~ ,  whether a module application-related error has 
occurred, whether the module has failed its Built-In Self Test, etc. 

2.3.123 SSE: Acronym for “State Sequence Error.” (2.3.128.) 

2.3.124 State Sequence Error (SSE) bit: A bit in the Bus Error register of all S-modules. An addressed S -  
module sets this bit to indicate that the S-module’s Slave Link Layer Controller has entered the ERROR 
Slave Controller State (9.3). 

2.3.125 status bit: A bit used to indicate a non-error condition important to S-module operation. Status bits 
are located in an S-module’s Slave Status register (9.2.1) and Bus Error register (the BMR bit) (9.3.1) and 
may be located in the optional Module Status register (9.4.1) or an Additional Status register (9.5.1). Status 
bits in the Module Status register or in an Additional Status register are permitted to affect the value of the 
EVO bit of the Slave Status register. 
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2.3.126 status register: A register in an S-module by means of which current operating conditions of the S- 
module (e.g., interrupt enabled, module pass/fail status, multicast address of the S-module, etc.) and event 
occurrence (e.g., detection of an error condition during transmission of a message) can be recorded either for 
later interrogation by the M-module or to record the necessity of particular S-module activity at a later time. 

2.3.127 transfer: The successful movement of a bit or bits between an MTM-Bus Master module and one 
or more modules co-connected by the MTIvl-Bus. 

2.3.128 transfer state: A state of a Link Layer Controller the name of which begins with the letters “XFER’ 
(6.1.1; 7.1.1). Such states in the MTM-Bus Master Link Layer Controller are called M-transfer states and in 
the MTM-Bus Slave Link Layer Controller are calEed S-transfer states. 

2.3.129 TTL: Acronym for “transistor-transistor logic.” 

2.3.130 uniquely addressed: Said of an MTM-Bus S-module participating in a singlecast. 

2.3.131 word: An ordered set of 16 bits operated on as a unit. The most significant bit is labeled bit 15 and 
the least significant bit is labeled bit 0. 

NOTE-When a word of data is embedded in a MTM-Bus packet, bit <o> of the data word is placed in bit <1> of the 
17-bit packet. See clause 5. 

2.4 References 

The following publications shall be used in conjunction with this Standard. When standards are referred to 
in this document, the latest revision shall apply: 

IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronic Terms.2 

IEEE Std 802-1990, IEEE Standards for Local and Metropolitan Area Networks: Overview and Architec- 
ture. 

IEEE Std 1149.1-1990, IEEE Standard Test Access Port abd Bbundary-Scan Architecture (Includes IEEE 
Std 1149.1a-1993). 

IEEE Std 1149.1b-1994, Supplement to EEE Sid 1140.1-1990. IEEE Standard Test Access Port and 
Boundary-Scan Architecture. 

SAE Avionics Draft Standard AS4765, SAE Avionics TM-Bus Inseroperability Standard, Revision 1.2, Nov. 
1994.3 

21EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, 

3SAE publications are available from the Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096, USA. 
NJ 08855-1331, USA. 
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3. MTM-Bus architecture 

A A  A 

] A  

Master Data (MMD) 

Slave Data (MSD) 

Pause Request (MPR) 

This clause defines the component signals of the MTM-Bus, the interconnection of modules on the bus, the 
limitation of the number of such connections, and the conventions for addressing S-modules connected to 
the MTM-Bus. The MTM-Bus is described as a backplane bus; however, it may be used with cable or other 
connections that allow compliance with the MTM-Bus Physical Layer rules in clause 4. 

P 

3.1 MTM-Bus signals and interconnection of MTM-Bus modules via these signals 

I 
Control (MCTL) I 

3.1.1 Specifications 

I 

(a) The MTM-Bus shall include an MTM-Bus Control signal, MCTL, that is unidirectional from the 
current M-module to all connected S-modules. 

NOTE-Since some S-modules may be master capable, we have to distinguish the current M-module as the 
one to which these specifications apply. In later clauses, we will simply say the M-module to refer to the current 
M-module. 

(b) The MTM-Bus shall include an MTM-Bus Master Data signal, MMD, that is unidirectional from the 
current M-module to all connected S-modules. 

(c) The MTM-Bus shall include an MTM-Bus Slave Data signal, MSD, that is unidirectional from each 
connected S-module to the current M-module. 

(d) The MTM-Bus shall include an MTM-Bus Clock signal, MCLK, that is unidirectional from the bus 
clock source to the M-module and connected S-modules. 

(e) All MTM-Bus signal inputs and outputs on a MTM-Bus module shall be dedicated connections (i.e., 
such module pins shall be used for no other purpose). 

(f) The MMD, MSD, MPR, and MCTL signals shall be connected to all modules in a multidrop con- 
figuration (i.e., all driversheceivers for each of the four signals shall share a single physical con- 
nection as in figure 3-1). 

Clock 
Source 

Clock (MCLK) 

NOTE-The MTM-Bus includes the Master Data (MMD), Slave Data (MSD), Control (MCTL), Clock (MCLK [free-running 
and externally sourced in this example]), and recommended Pause Request (MPR) signals. 

Figure 3-1-Backplane MTM-Bus signals 
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Recommendations 

(g) The MTM-Bus should include an MTM-Bus Pause Request signal, MPR, that is unidirectional from 
connected S-modules to the current M-module. 

3.1.2 Description 

Dedicated module connections for MTM-Bus signals (3.1.1e) are required to all0 
of mandatory features of this Standard. The five signals that make up the MTM- 
The MPR signal is a recommended signal that can be used to simplify the use of the b 
posed of modules having a wide range of operational speeds 

MCTL-The M-module’s link-layer protocol uses the MTM-Bus Control signal 
ations over the MTM-Bus MMD and MSD signals. When the M O L  signal is asserted, either a data transfer 
is occurring or there is an error condition. The MCTL signal is released during a pause in the transmission of 
a message, during the idle period between the transmission of messages, or in error conditions. 

MMD-The MTM-Bus MMD signal is used to serially transfer control or data from the M-module to S- 
modules. Whether the value of the MMD signal is intended to convey control or data is dependent upon the 
M-module’s Master Controller state. 

MSD-The MTM-Bus MSD signal is used to transfer serial data from S-modules to the M-module using a 
logical-OR connection. The MSD signal is used for S-module data transfer and may be used to indicate an 
interrupt during pauses in message transmission and or in the idle periM between the transmission of mes- 
sages. 

MCLK-The MTM-Bus MCL ignal is used to synchronize 
MTM-Bus. All other MTM-Bus signals change value only a 
MTM-bus modules capture these other signal values only at the falling edge of the MCLK signal. 

MPR-The MTM-Bus MPR signal is used so that addressed S-modules may request the M-module to 
expand the pause between packet transfers during transmiss message. This mechanism can be used 
to eliminate errors caused by the M-module sendingepackets t for a receiving S-module or by an S -  
module’s not being ready to return data. Without the capability offered by the MPR signal, occurrence of 
such an error would cause an S-module to generate an interrupt to the M-module. This, in turn, could cause 
the M-module to abort the current message and investigate the cause of the interrupt. In some cases, this 
might lead to extremely lengthy message transfer times, even for very short messages. 

een modules on the 
MCLK signal, and 

3.2 General architecture and MTM-Bus mastership 

3.2.1 Specifications 

(a) At any time that any module among the set of modules connected to the MTM-bus is operating as 
an M-module, exactly one of them shall operate as an M-module. 

(b) The MTM-Bus shall provide logical addressing for up to 250 modules. 

Permissions 

(c) To improve bus availability and fault tolerance, MTM-Bus mastership may be transferred to a 
Master-capable S-module. 
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3.2.2 Description 

The basic bus topology is shown in figure 3-2. In this diagram, a single M-module is depicted with a multi- 
drop connection to as many as 250 S-modules. The MTM-BUS modules need not necessarily map one-to-one 
to the physical partitioning of the system. It is allowable to define the system topology such that a single 
“module” actually consists of multiple logic boards or that multiple “modules” may reside on a single logic 
board. 

Should system diagnostic routines detect a malfunction in the M-module of a particular implementation of 
the MTM-Bus, system software may reconfigure the system by deactivating the current M-module and mak- 
ing a Master-capable S-module the new M-module. If a system’s S-modules are designed in such a way as to 
make this possible, then much of the testing function can be preserved in the face of M-module failure or 
degradation. 

3.3 S-Module addressing requirements 

3.3.1 Specifications 

Rules 

(a) In a given MTM-Bus implementation at a given time, any S-modules 

(i) shall have at least one module address that is an eight-bit binary number between ‘0’ and ‘F9’ 
HEX; 

(ii) shall include in its manufacturer’s documentation a description of the mechanism by which that 
address is, or shall be, defined. 

(b) In a given MTM-Bus implementation at a given time, no two S-modules connected to that MTM- 
Bus may have the same module address. 

NOTE-This rule implies that generic or off-the-shelf S-modules have to have one or more module addresses 
that can be fixed by an user during assembly of a system (e.g., by the operation of switches or by program- 
ming). 

(c)  An S-module’s module address shall be accessible to (i.e., readable by) the MTM-Bus interface cir- 
cuitry of that module. 
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An S-module shall be considered addressed only in one of the following conditions: 

(i) The given S-module is able to determine its module address unambiguously; and the HEADER 
packet (5.2) received without detection of an e m r  at the stxt of the current message contains 
either the S-module’s module address, the broadcast address (’FB’ HEX), or the multicast 
address (‘FC’, ‘FD’, ‘FE’, or ‘FF’ HEX) corresponding to the module’s current multicast group 
(9.2; 16.5.la). 

(ii) The given S-module is unable to determine its module address unambiguously; and the 
HEADER packet received without detection of an error aE the start of the current message con- 
tains either the amnesia address (‘FA’ HEX), the broadcast address (‘FB’ HEX), or commands 
addressed to the multicast address (‘FC’, ‘FJY, ‘FE’, or ‘Fl? HEX) corresponding to the S- 
module’s current multicast group. 

NOTE-It may be unwise to broadcast messages when more than one S-module in a system are responding to 
the amnesia address. No S-module can become addressed as a result of receiving an HEADER packet if an 
error such as bad parity in that !3EADER packet (5.2.1; 11.5.1) or a State Sequence Error (7.1; 11.6.1) is 
detected. 

At the time a system including an MTM-Bus implementation is powered up, no S-module shall be 
addressed. 

An S-module shall be considered “uniquely addressed” only after 

(i) a HEADER packet has been received that contains the S-module’s module address 
module is able to determine its module address unambiguously; 

8 

(ii) a HEADER packethas been received that contains the amesia“address, and the S-module is 
not able to detemiiiiz ils I T W ~ L I ~ C  ircldress unambiguously (and is therefore responding to the 
amnesia address (3.3.1 r i ( i i ) ;  33.111). 

NOTE-Despite the fact that there may be n:::Mp!; S ifM&&’s that can be addressed by the amnesia address, 
they all will behave as if they are unique11 ; I I ! I ~ : * - . v I .  In p 
command addressed to ‘FA’ HEX. 

An S-module shall respond to commands when and only when it is addressed. 

NOTES 
1-This rule (taken together with 3.3.ldj iirrplies Ihat an Y- 
biguously can never execute commands sent to the amnesia address (‘FA’ E X ) .  

2-An S-module may take its MTM-Bus interface off-line during Start-up Built-In Test (SBIT) (18.2.lg) for 
local testing of the interface circuitry (the only time this is permitted). This means that the S-module might not 
receive commands sent during the self-testing period. The M-module may poll an S-module, requesting an 
ACKNOWLEDGE packet, to determine when an S-module is back on-line after self-testing and ready to 
receive MTM-Bus commands. 

far, they will return data if s 

e hat can defennine its module address unam- 

Recommendations 

(h) An S-module should be able to detect the condition of being unable to determine its module address 
unambiguously. 

NOTE--To utilize the safety features supplied by the amnesia address, this recommendation has to be imple- 
mented. During the development of this Standard, addressing errors were observed in systems using prototype 
versions of this Standard; these errors could have been avoided and related faults d 
3.3.lh and the amnesia address been specified at the time and implemented. Altern 
security (such as appropriate Hamming distance between addresses) may be tolerable in a sparsely populated 
MTM-Bus address space, but might have a disadvantage because of not being supported by a standard. 
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(i) The formatlencoding of the module address as set in a given S-module during system assembly 
should provide for single-bit error detection when the address is read. 

NOTE-For example, to increase the probability of an S-module’s detecting an error in the accessing of its 
module address, the module manufacturer could add an additional, parity bit to the module address. 

0) The module address of an S-module with a programmable module address should be ‘FA’ HEX 
when it is purchased (i.e., prior to programming of the module address). 

NOTE-Details of the manner in which an S-module’s module address is programmed have to be fully docu- 
mented by the module’s manufacturer (22.1. Ib). 

Permissions 

(k) Module addresses may be implemented by a variety of means, including 

(i) on-module firmware 

(iii) DIP switches 

(iv) discrete pins on the backplane 

3.3.2 Description 

Each S-module is to be assigned an eight-bit address. The use of eight bits allows for a set of 256 addresses 
including 250 single module addresses (‘0’ through ‘F9’ HEX), one amnesia address (‘FA’ HEX) for use by 
an S-module that has lost access to its module address, one broadcast address (‘FB’ HEX), and four multi- 
cast addresses (‘FC’, ‘FD’, ‘FE’, and ‘FF’ HEX). An S-module is considered to be addressed (and thus 
allowed to execute the current MTM-Bus command) if it has received (in the most recently transmitted 
HEADER packet) its module address (or the amnesia address when appropriate), the broadcast address, or 
the multicast address that matches its current multicast select group. An S-module is considered uniquely 
addressed if it has received its module address or the sia address in the most recently transmitted 
HEADER packet. Whether an S-module is “addressed” or “uniquely addressed” influences the manner in 
which it responds during an MTM-Bus message. 

If an S-module is unable to access its module address (e.g., due to a module address parity error, etc.), the S- 
module in question can respond only to commands sent to the amnesia address (‘FA’ HEX) or to any com- 
mand sent to the broadcast address or the address of the S-module’s current multicast group. The amnesia 
address provides the possibility of limited system diagnosis based on data recovered from S-modules unable 
to access their unique module addresses. Some data can be recovered from such modules using the amnesia 
address because the modules will act as though uniquely addressed. Diagnosis might begin by directing the 
M-module to read the module status of the module with address ‘FA’ HEX. If there is an “all zero” response, 
then no S-module is responding and, hence, unless more serious failures have occurred, no S-module has 
self-diagnosed an address fault. If multiple S-modules respond to ‘FA’ HEX (i.e., become addressed by a 
given message) and an ACKNOWLEDGE packet is required, the collision-error handling of the S-modules 
(1 1.7.1) can (at least sometimes) reduce the number of modules that remain addressed after ACKNOWL- 
EDGE packet transmission to as few as one. 

Note that at any given time all modules not in the group that respond to the amnesia address may be segre- 
gated in one multicast group. Then this group’s address may be used as a substitute for the broadcast 
address. To simplify software design, it may be wise to have such a multicast group address established as 
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equivalent to the broadcast address from the outset and simply remove amnesiac modules to another multi- 
cast group if and when they are detected. 

Each S-module has to respond to at least one of the 250 module addresses (or to the amnesia address) so that 
it can be addressed by the M-module. An S-module’s unique module address may be provided to the MTM- 
Bus test interface on the S-module by a variety of means including firmware, jumper wires, dual in-line 
package (DIP) switches, or discrete wires to the backplane. With any of these methods, an additional address 
parity bit should be provided to ensure that a given S-module’s MTM-Bus test interface will be able to 
detect the occurrence of single bit address faults and, consequently, will not respond to another S-module’s 
address in the event of such a fault. 
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4. MTM-Bus Physical Layer requirements 

The MTM-Bus Physical Layer defined in this clause includes the definition of the electrical and timing 
requirements for the MTM-Bus signals. Precise electrical and timing requirements are not specified to allow 
for selection of bus transceivers most appropriate to a specific application. 

In this and subsequent descriptions of MTM-BUS layer requirements, the requirements are divided into three 
categories: Those having to do with S-modules, those having to do with M-modules, and those that apply to 
both module types. The intent of this division is to make it easier for a potential designedmanufacturer of 
modules to separate the requirements for M-modules and S-modules. 

4.1 Physical layer requirements independent of module type 

4.1.1 Specifications 

(a) All MTM-Bus signal drivers, excluding lhe driver of the MCLK signal, shall support a logical-OR 
operation such that if any module drives a logic 1 on such a signal, that signal will be forced to a 
logic 1. 

NOTE-The MTM-Bus signals MCTL, MMD, MSD, and MPR may collectively use active-lowhegative 
logic levels on the backplane. Such an implementation may be necessary in some technologies to obtain a log- 
ical-OR operation. 

@) All MTM-Bus signal receivers shall interpret a logic 1 as actively driven. 

(c) Signal drivers for all MTM-BUS signals shall be designed so that the simultaneous driving of logic 
0 and logic 1 values by different modules on a given MTM-Bus signal shall not cause physical 
damage to any driver of that signal. 

Recommendations 

(d) The MTM-Bus signal drivers and receivers on a given MTM-Bus module should exhibit a high input 
impedance when that module is insufficiently powered for normal operation. 

NOTE--This specification is a recommendation rather than a rule because there may be cases in which it is 
expected that all modules in a given implementation are always powered up. However, if this is not the case or 
if protection is desired in case of power supply failure, then following this recommendation may be very 
important. 

4.1.2 Description 

Logical-OR operation: Logical-OR operation on bus signals is required for a variety of reasons. The MSD 
signal requires logical-OR operation to make use of Contend for Bus command (16.4.1). Logical-OR opera- 
tion of the MPR signal is needed to allow one or more of multiple S-modules to request additional time in 
the PAUSE Slave Controller state during a broadcast or multicast message so that the slowest S-module may 
request an adequate number of cycles in the PAUSE Slave Controller state (8.3). Logical-OR operation on 
the MMD and MCTL signals may be used to allow transfer of MTM-Bus mastership from one M-module to 
another without potentially damaging collisions. 

Selecting bus transceivers: The MTM-Bus Physical Layer may be customized to use bus transceivers from 
any number of logic families such as open-collector transistor-transistor logic (TIZ), backplane transceiver 
logic (BTL), and emitter coupled logic (ECL). The selection of a specific logic family may be influenced by 
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the length of the backplane, the number of expected loads, the bus frequency, noise immunity, cost, power, 
and available power supplies. 

Logic ZeveZs: This MTM-Bus Protocol Standard does not provide detailed electrical and timing 
parameters for the modxle. Timing diagrams depict logic levels rather than voltage levels. 

The bus signals MCTL, MMD, MSD, and MPR at the module interface may be implemented in a negative 
logic technology that supports logical-OR operation. Any modules that are intended to interoperate have to 
address the appropriate electrical parameters, including the logic level for these bus signals. 

It is possible that the MCLK will be implemented in a different device technology than the other bus signals. 
The reasons are twofold 

- MCLK does not require logical-OR operation, and 
- the other bus signals may experience ringing prior to settling before a clock 

The MCLK signal has to make a clean transition through its threshold region to avoid inadvertent data driv- 
ing or 1atching.The MCLK logic level selection for the device technology may be based on an acceptable 
noise margin to avoid driving data inadvertently. A family of interoperable modules have to address the 
appropriate MCLK electrical parameters, including the logic levels. 

-module Physical Layer requirements 

4.2.1 Specifications 

Rules 

(a) The MMD and MCTL signal drivers of an M-module shdfbe active continuously during operation 
of the MTM-Bus. 

(b) An M-module shall provide collisioderror detection circuitry on both MMD and MCTL signals. For 
each of these signals, the relevant circuitry in a given module, M, shall detect cases in which M's 
MTM-Bus driver of the signal is attempting to force the signal to the logic zero state when the 
logical-OR function of the bus (4.1. la) is resulting in a logic one value for the signal. 

(c) The M-module shall have the capability to d e k t  the value of, and respond to, the MPR signal. 

(d) The M-module shall have the capability to detect the value of, and respond to, the MSD signal. 

4.2.2 Description 

See discussion of logical-OR operation in 4.1.2. 

See discussion of collision-detection circuitry design options in 4.3.2. 
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4.3 S-Module Physical Layer requirements 

4.3.1 Specifications 

(a) S-modules shall provide collisioderror detection circuitry on the MSD signal connection. The rel- 
evant circuitry in a given module, M, shall detect cases in which M's MTM-Bus driver of the MSD 
signal attempts to force the signal to a logic zero when the logical-OR function of the bus (4.1. la) is 
resulting in a logic one value for the signal. 

NOTE-Collision-detection circuitry plays a key roie in the Contend for Bus (16.4.1) and Verify BMR 
(16.12.1) sequences. 

(b) The collisioderror detection function on the MSD signal of a currently addressed S-module shalI be 
enabled to set the SDF bit of the Bus Error register and release the MSD signal (1 1.7. la) only if the 
S-module is uniquely addressed and actively transferring a packet required in response to the current 
command with the exception of the ACKNOWLEDGE packet (5.3) being transferred in response to 
a Contend for Bus command (16.4.1) or a Verify BMR command (16.12.1). 

NOTE--Timing constraints on collision-detection circuitry are implied by 11.7.la. Namely, it has to be possi- 
ble to detect a collision and release the MSD signal before the S-module in question can transmit another bit 
on MSD-before the first rising edge of the MCLK signal following the rising edge of the MCLK signal on 
which the collision occurred. 

Recommendations 

(c) The MPR signal should be implemented on all S-modules. 

4.3.2 Description 

Collision detection: Collision detection is needed both to detect bus errors and to allow an S-module to 
release its MSD signal when it loses Contend for Bus operations (16.4.1) or Verify BMR operations 
(16.12.1). As illustrated in figure 4-1, collision dctcction may be implemented by providing a receiver for 
each output driver and comparing the (internal module) value to be output on the bus and the current value 
on the bus. This function has to be gated such that collisions are only reported when the output of the driver 
is enabled and the packet being transferred is not the ACKNOWLEDGE packet transferred in response to a 
Contend for Bus command. 

It is possible to comply with the IEEE Std 1149.5 requirements for collision detection while using discrete 
bus transceivers or electrical level translators. As illustrated in figure 4-2, the component that provides sup- 
port for the collision detection may have two discrete pins for each bus output. Separate electrical-level 
translators can then be connected to provide the logical-OR drive and to sense the actual bus value. With this 
approach, a single component that supports the MTM-Bus protocol, perhaps with TTL electrical levels, 
could be used with off-the-shelf transceivers to support open-collector TTL, ECL, BTL, or other backplane 
electrical levels. 

See discussion of logical-OR operation in 4.1.2. 

When an uniquely addressed S-module is transmitting a packet in response to the command contained in the 
current message [other than an ACKNOWLEDGE packet being sent in response to a Contend for Bus com- 
mand (16.4.113, the MTM-Bus interface circuitry of the S-module has to record detection of a collision on 
the MSD signal by setting the SDF bit of the S-module's Bus Error register (9.3). 
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Taking drivers off--line: When an S-module is involved in start-up self-testing it may take its MTM-Bus 
interface off-line (18.2.lg). 

L 7 

I 

Output Enable 

MTM-BUS 
Output Signal 

System 
Pin h - ~ 

v EN 

I D  

collision has occurred is cap- 
li  - 1D 

> c1 
- & 

=I 

MCLK - 
Collision 4 

NOTE-This example circuit compares the logic value being driven with the logic value currently on the bus. A box con- 
taining "=1" is the IEEE standard symbol for an XOR gate. 

Figure 4-14ollision detection 

1 

DrivedReceiver 

-1 

NOTE-Separate off-the-shelf drivers and rcceivers can bo used to cusbmize a single MTM-Bus interface device for mul- 
tiple Physical Layer protocols. 

Figure 4-2--Sus transceivers 

4.4 MTM-Bus timing requirements 

The following symbols are used in specifying timing parameters and as labels in figures 4-3 through 4-5: 

to 

tl 

TIM 

ToM 

is the time that MCLK is logic 0 per cycle 
is the time that MCLK is logic 1 per cycle 

is the minimum operable tl for an MTM-Bus module or MTM-Bus interface device, M 
is the minimum operable to for an MTM-Bus module or MTM-Bus interface device, M 
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tLH 
tm 

tc 

is the duration of MCLK rising edge transition 
is the duration of MCLK falling edge transition 
is the MCLK cycle time ( ~ L H  + tl + tm + to) 

NO-The transition times tLH and tm can be determined only for a given system. These times are not considered 
a part of tl or to and have to be accounted for in the selection of tc. 

TcM 
T L H ~  is the minimum operable tLH for an MTM-Bus module or MTM-Bus interface device, M 
TmM is the minimum operable fm for an MTM-Bus module or MTM-Bus interface device, M 

tp 
tcsMpN is the clock skew as measured between the MTM-Bus signal driver, M, and the MTM-Bus signal 

TCoM is the clock-to-output time for an MTM-Bus signal driver, M 

T~~ is the set up time for an MTM-BUS signal receiver, M 

ThM is the hold time for an MTM-Bus signal receiver, M 

is the minimum operable tc for an MTM-Bus module or MTM-Bus interface device, M 

is the maximum system backplane propagation and settling time 

receiver,N ~ 

Note that timing parameters of MTM-Bus modules, MTM-Bus interface devices, and individual drivers on 
MTM-Bus modules are designated in a TzM format. Note that there is a value of TzM specific to each of 
MPR, MMD, etc., for a given module. Timing parameters for a given system under discussion are in the ty 
format. 

4.4.1 Specifications 

Rules 

(a) The MTM-Bus Clock (MCLK) signal shall be a single-phase clock. 

(b) In the implementation of the MCLK signal, a 1 c one shall be the more positive of the two 
voltages; and a logic zero, the least pod 

(c) The manufacturer of an MTM-Bus module or MTM-Bus interface logic, M, shall document TcM 
(minimum operable value for tc), TIM (minimum operable value for tl), and ToM (minimum operable 
value for to). 

(d) An MTM-Bus module or MTM-Bus interface device, M, shall be compliant to this Standard for all 
values oft,, f l ,  and to where t, 2 TcM, t l  2 TIM, and to 2 ToM. 

(e) Stored-state devices contained in MTM-Bus interface logic shall retain their states indefinitely when 
the signal applied to MCLK is stopped at a logic 0 or a logic 1. 

(f) MTM-Bus signal outputs shall change state only following a rising edge of the MCLK signal. 

(g) A11 MTM-Bus signal inputs shall be latched following each falling edge of the MCLK signal. 

(h) The manufacturer of an MTM-Bus module or MTM-Bus interface device including an MTM-Bus 
signal driver, M, shall document ThM, TcoM (figure 4 4 ,  and TsM (figures 4-3 and 4-4). 
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Recommendations 

(i) For any MTM-Bus signal driver, M, the module timing parameters TcoM, TsM, and ThM should be 
minimized. 

NOTE-This will support performance IIliiximization for an hTkM-Bus implementation to which the given 
module is connected. 

(j) In any MTM-Bus module, M, the module timing parameter TOM should be minimized. 

NOTL-This will allow the MCLK signal for systems containing the given module to be held = logic 1 for as 
long as possible to support secure backplane propagation. 

Permissions 

NOTE-An MTM-Bus signal output drives new data on the rising edge of MCLK, and an MTM-BUS signal input latches 
data on the failing edge of MCLK. 

Figure 4-3-Data transfer 

A timing diagram showing the MCLK and another MTM-Bus signal waveform at both a transmitter and a 
receiver are illustrated in figure 4-4. 

To assess module hold requirements, consider the worst-case condition-that in which the clock at the 
receiver (MTM-Bus module iV) trails the clock at the driver (MTM-Bus module M> as illustrated in 
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figure 4-5. The system parameter to has to be chosen such that the falling edge does not latch new data at a 
time when the relevant signal value is changing. For any MTM-Bus signal output, M, and signal input, N ,  
connected in a particular implementation of the MTM-Bus, the relevant system timing relationship is char- 
acterized by 

to 2 ThN + tcsMiN 

MCLK at Driver (M) 

Signal at Driver (M) 

Signal at Receiver (N) 

MCLK at Receiver (N) 

NOTE-This timing diagram shows the transitions of MCLK and her MTM-Bus signal at both the signal driver (on 
MTM-Bus module M) and signal receiver (on MTM-Bus module N) in the worst-case propagation situation-where the 
clock at the receiver leads the clock at the source. In every bidirectional data transfer, operation in one of the directions 
will fit the worst case just described. 

Figure 4-+Data transfer timing 

For a given MTM-Bus implementation in a given system, the MCLK waveform will have to be adjusted so 
that worst-case timing requirements for the connected MTM-Bus interface devices [equation (l)], the worst- 
case system propagation budget [equation (2)], and the worst-case module hold time requirement [equation 
(3)] are not violated. 

tc 2 max (Tcx : X is a module or interface device connected to the bus) (1) 

tl 2 max (Tcox + tp + qy + tC$' : X is a signal output and Y is a connected signal input) (2) 

to 2 max (Thy+ tC$' : Xis a signal output and Y is a connected signal input) (3) 

In addition, the system timing parameters cannot violate the worst-case module timing parameters. 
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tl 2 max (TIM : M is a module connected to the bus) 

to 2 max (ToM : M is a module connected to the bus) 

tc 2 max (TcM : M is a module connected to the bus) 

Signal at Driver (M) 

Signal at Receiver (N) 

MCLK at Receiver (N) 

As long as the system MCLK waveform parameters tl, to, and tc meet the relationships described in the 
present clause, system timing requirements will be met. This method for specifying the MCLK waveform 
requires the bus interface to operate over a range of MCLK frequencies from as low as may be desired by a 
user to a documented maximum. 

DATA BiT i DATA BIT i-1 x 
A DATA BIT i DATA BIT i-1 

.c= + 

NOTE-This MTM-Bus timing diagram shows the transitions of the clock and another MTM-Bus signal at both the signal 
driver (M) and signal receiver (N)  in the worst-case hold lirne sihiation. In this case, the clock at the receiver trails the 
clock at the source, propagation delay is zero, and clock to output dclay for Mis zero. The time to has to equal or exceed 
the sum of the clock skew and the hold time of N. 

Figure 4-5-Hold time requirement 
- 

Pe$omzance requirements: Although minimum performance requirements for an MTM-Bus module, M ,  are 
not specified, it is recommended that TIM and TO“ be minimized to allow greater bandwidth if required by a 
system. An MCLK waveform has to be observed on the system backplane to ensure that module TIM and 
T~~ requirements are met. 

Integration risk: All MTM-Bus timing relationships involve t l ,  to. and tc. Thus decreasing the M 
quency (thereby increasing t l ,  to, and tc) will alleviate potential timing violations. In addition, the MTM-Bus 
dual-edge timing approach encourages design and use of MTM-Bus modules employing technologies that 
support “low” values of TcoM, because this will tend to increase the backplane propagation budget. 

NOTE-The dual-edge timing approach was adopted over a single-edge approach. In a single-edge approach, data are 
driven and latched on the same signal edge. In the worst case, the clock skew between a transmitting module, M ,  and 
receiving module, N-taMiN-has to be controlled to avoid latching data from a signal that is in transition. This condi- 
tion is characterized by tCsMjN 2 TCoM - ThN. Because the clock skew requirement in a single-edge system is independent 
of MCLK frequency, skew problems cannot be alleviated by reducing MCLK signal frequency. Implementations that 
reduce TcoM place tighter requirements on clock skew. In a dual-edge approach, worst-case module and backplane tim- 
ing constraints may always be alleviated by increasing tl or to (at the cost of reducing MTM-Bus bandwidth). 
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Znteroperability: Because this Standard addresses module timing parameters while leaving the system 
parameters flexible, a set of modules with compatible electrical characteristics may be interoperable in a 
number of systems having differing backplane timing parameters. The MCLK waveform can be selected to 
meet the backplane propagation budget and the capabilities of the selected MTM-Bus modules. 

NOTE-The SAE Avionics TM-Bus Interoperability Standard AS4765 has adopted this timing approach and is adding 
additional detailed timing and electrical requirements to support development and deployment of interoperable modules 
in the avionics environment. 

Support for debugging an integrated system: Stored state devices contained in the MTM-Bus interface logic 
have to retain their state even when the MCLK signal is stopped (in either a “0” or “1” state) as detailed by 
rule 4.4.le. This requirement is made to allow debugging in a system integration environment in which the 
MCLK signal may be stopped for some reason (e.g., to permit an ATE test pattern load or to check signal 
values during error tracing). If state information or statuderror information in stored state devices in the 
MTM-Bus interface logic were not retained when the signal on MCLK is stopped, the debugging process 
would be severely complicated. 
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5. MTM-Bus Link Layer: Packet requirements 

All MTM-Bus messages consist of the transfers of 17-bit packets. The packet types include HEADER 
packet, ACKNOWLEDGE packet, PACKET COUNT packet, and DATA packet. Relation between, and 
ordering of, packets within a message as well as intervals between packets are treated in 6.1.lk, 6.1.10, 
6.1.lp, 8.3.lf, and clauses 12 through 20. 

5.1 Requirements applicable to all packets 

5.1.1 Specifications 

(a) In the context of this Standard, a packet shall be a sequence of 17 bits transferred between the 
M-module and one or more S-modules or from an S-module to the M-module. 

(b) Bit <O> of each packet shall contain the packet parity bit. 

(c) The parity of each packet shall be odd. 

NOTE-The modulo-2 sum of the bits in a packet (bits <16..(k) has to be 1. 

(d) Each packet shall be serially transferred, msb first. 

(e) Each packet shall be of one of the following types: packet, ACKNOWLEDGE packet, 
PACKET COUNT packet, DATA packet, or NULL packet. 

5.2 HEADER packet requirements 

5.2.1 Specifications 

(a) The HEADER packet shall consist of the Module Address, Command, Acknowledge request, and 
parity fields as shown in figure 5-1. 

(b) The Module Address field shall be eight bits in length (bits <16..9>) and shall contain an S-module 
address (3.3.1). 

(c) The Command field shall be seven bits in length (bits <8..2>) and contain the 7-bit code determining 
the command to be executed by the addressed S-module(s). 

NOTE--MTM-Bus commands are described in clauses 15 through 20. 

(d) The Acknowledge Request field shall be bit <l> and shall be used to request an ACKNOWLEDGE 
packet to be transmitted by any currently addressed S-module and to indicate that a PACKET 
COUNT packet will be the next packet transmitted by the M-module (14.1.1b). 
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(8 bits) 

Module Address field 
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(1 bit) (1 bit) 

Ack parity 

bit 

(7 bits) 

Command field Req bit 

msb 
(16) 

(8 bits) (8 bits) (1 bit) 

Figure 5-1-HEADER packet format 

Module Address field 

5.2.2 Description 

Module Status field 

Precisely one HEADER packet occurs in each MTM-Bus message and is the first packet of the message. 
From the information in a HEADER packet, each S-module connected to an MTM-Bus can determine if it is 
addressed, what command is to be executed, and whether the system application controlling the M-module 
is requesting an ACKNOWLEDGE packet (5.3) from the S-module as part of the message transmission. 

5.3 ACKNOWLEDGE packet requirements 

5.3.1 Specifications 5.3.1 Specifications 

Rules 

(a) The ACKNOWLEDGE pa ss, Module Status, and panty bit 

Rules 

(a) The ACKNOWLEDGE pa all consist of the Module ss, Module Status, and panty bit 
fields, as shown in figure 5-2. 

(b) The Module Address field shall be 8 bits <16..9>) and shall contain the address of the 
responding S-module. 

(c) The Module Status field shall be 8 bits in length (bits <8..1>) and shall contain data residing in the 
Slave Status register prior to any changes to such data resulting from the receipt of the immediately 
preceding HEADER packet (9.2). 

parity 1 bit 

Figure 5-2-ACKNOWLEDGE packet format 

5.3.2 Description 

An ACKNOWLEDGE packet is transmitted by an S-module upon request and is both a convenient way to 
recover internal status information from an S-module and is designed to support the Contend for Bus 
sequence (16.4.1). 
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(1 bit) 

5.4 PACKET COUNT packet requirements 

5.4.1 Specifications 

(a) The PACKET COUNT packet shall consist of a Packet Count field and odd parity bit as shown in 
figure 5-3. 

(b) The Packet Count field shall be 16 bits in length (bits <16..1>) and shall contain either the number 
of additional packet transfers remaining in the current message or an all-zeros pattern. 

(c) An all-zeros pattern in the Packet Count field shall indicate that the current message may contain any 
number of additional packets. 

NOTE-Not knowing the length of a message in advance of receipt is not a problem. Termination of message 
transmission is controlled by the state of an fsm in the S-module, not by the contents of a packet of within a 
message (7.1; figure 7-1). 

msb Isb 
(16) (1 1 (0) 

PACKET COUNT field 

Figure 5-3-PACKET COUNT packet format 

5.4.2 Description 

If the Acknowledge Request bit is set in the HEADER p of a message, the M-module will transmit a 
PACKET COUNT packet as the packet immediately following the HEADER packet. A PACKET COUNT 
packet conveys either the known number of packets still to be transmitted from M-module to S-module in 
the current message or the fact that the number of such packets has not been, or cannot be, predicted. 

The information in a PACKET COUNT packet permits an S-module to determine if a data transfer has 
occurred as expected. An S-module will detect (9.3.1; figure 9-4; 11.11.1) when an ACKNOWLEDGE 
packet is requested and the message is terminated early (i.e., when no transfer of a packet takes place after 
the HEADER packet transfer or when a packet count is received, but does not match the actual number of 
packets received when message transmission is terminated). An S-module may also use the PACKET 
COUNT packet information to determine when a message is about to end or to flag an error if a message is 
too long or too short. Knowing when a message is about to end will be useful in implementing a message 
integrity check (e.g., CRC value, Hamming code, etc.) at the end of a message. 

5-3 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:39:02 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1149.5-1995

http://www.avadocuments.com/doc/ieee-1149-5-1995
http://www.avadocuments.com/doc/ieee-1149-5-1995


IEEE 
Std 11 49.5-1 995 

5.5 DATA packet requirements 

5.5.1 Specifications 

Rules 

IEEE STANDARD FOR MODULE TEST AND 

DATA packets shall consist of a Data field containing sixteen (16) bits (bits <16..1>) and one packet 
parity bit (bit CO>) as shown in figure 5-4. 

Binary data 16 or fewer bits long that is to be transmitted in a DATA packet shall be placed in con- 
tiguous bit positions in the DATA packet such that the least significant bit (lsb) of the binary data is 
bit <1> of the DATA packet. 

NOTE-Which bit of a bit string will be considered the lsb (msb) may be determined by the design@) of the 
module(s) receiving a DATA packet or the design(s) of applications on thauthose module(s) or the design of 
other system elements. This Standard mentions msb and lsb in this context to emphasize the necessity of the 
clear specification of expected bit order in a given module, application, or system. Manufacturers are required 
to document port-specific data formats (clause 21). Once the msb and lsb of a bit string are determined for a 
design, the placement of the resulting string in a DATA packet is then determined by the rules in 5.5.1. 

If binary data to be transmitted in DATA packets consists of more than 16 bits, 

(i) the data bit string: shall be divided (beginning with its least significant 16 bits) into a sequence 
of 16-bit-long substrings (contiguous in the original data bit string) and, where necessary, a bit 
string ( S )  containing some number of bits (n, less than 16) representing the n most significant 
bits of the original data bit string; 

(ii) the 16 least significant bits of the binary data shaIl be transmitted in the first transmitted DATA 
packet, and subsequent 16-bit-long substrings shall be transmitted (in order from least signif- 
icant position to most significant position with regard to their order in the original data bit 
string) until all 16-bit-long substrings have been transmitted; 

(iii) when all 16-bit-long substrings have been transmitted, then if there is a remaining substring to 
be transmitted [i.e., S of 5.5.lc(i)], then a final DATA packet shall be transmitted. This final 
DATA packet shall contain the substring S placctl to fill the n least significant bits of the DATA 
packet’s Data field. 

NOTE--Given a substring that is constructed from an original data bit string to be transmitted over the MTM- 
Bus, which bit of that substring will be considered the Isb (msb) may be determined by the design(s) of the 
module(s) receiving the DATA packets or the design(s) of application(s) on that/those module(s) or the design 
of other system elements. This Standard mentions msb and Isb in this context to emphasize the necessity of the 
clear specification of expected bit order in a given module, application, or system. Manufacturers are required 
to document port-specific data formats (clause 21). Once the msb and Isb of a bit string are determined for a 
design, the placement of the resulting string in a DATA packet is then determined by the rules in 5.5.1. 

The contents and format of the DATA packets transmitted as part of a given message shall be as 
defined for the command code contained in the Command field of the HEADER packet of that 
message. 

NOTE--For example, see 17.1.1 (in particular, note documentation requirements) and the data transfers 
defined for the commands treated in clause 17. 

Recommendations 

(e) Any bit positions within a DATApacket that do not contain a bit of a data bit-string being transmitted 
should be set to a logic: 0. 
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(1 6 bits) 

DATA field 
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(1 bit) 

bit 
Parity 

msb 
(16) 

Figure 5-4-DATA packet format 

5.6 NULL packet requirements 

5.6.1 Specifications 

- Rules 

(a) A NULL packet shall be a DATA packet consisting of a 16-bit all-zeros field and an odd parity bit 
as shown in figure 5-5. 

NOTE-To maintain odd parity, the parity bit of a NULL packet has to be set to logic one. 

msb Isb 
(1 6) (1) (0) 

"0000000000000000" 

Figure 5-5-NULL packet format 

5.6.2 Description 

One use of a NULL packet is its transmission by the M-module during periods when one or more packets of 
data are being transmitted by an S-module while there is nothing to be transmitted in the reverse direction. 
The reverse case also will occur. It is important to note that, after transmission of a HEADER packet, during 
every period of a packet transfer during a singlecast, the MSD and MMD signals are being interpreted (by 
the M-module and addressed S-module, respectively) as conveying bits of a packet (4.2.la; 6.1.1; 7.1.1). 
Therefore, failure to transmit a packet is never an option for an S-module addressed by a singlecast message; 
in such a situation, the transmission of a NULL packet with correct parity is necessary to operation of the 
MTM-BUS. 

5.7 Formatting bit strings of more than 16 bits for transmission in DATA packets 

Figure 5-6 provides an illustration demonstrating how a bit string of more than 16 bits is divided so that it 
can be appropriately transmitted in a series of DATA packets. 

5-5 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:39:02 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1149.5-1995

http://www.avadocuments.com/doc/ieee-1149-5-1995
http://www.avadocuments.com/doc/ieee-1149-5-1995


IEEE 
Std 11 49.5-1 995 IEEE STANDARD FOR MODULE TEST AND 

DATA packet 2 I 1010101011100011 I o  1 
isb 

DATA packet 3 

Figure 5-6-Formatting a bit string of length greater than 16 
for transmission in DATA packets 

In figure 5-6, the string to be transferred rice that DATA packets have the 
lsb in the right-most position in the figure. This means that eac n bits beginning with the Isb has 
to have its apparent order reversed when formatting the bit nsmittal on the MTM-Bus in a 
DATA packet. The number of bits in the sample bit string is 11 modulo 16. Therefore, five logic zeros are 
added as padding in the third data packet; these padding bits are the five high order bits in that packet. In 
each MTM-Bus packet a parity bit (odd parity) is the Isb of the packet. 

5-6 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:39:02 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1149.5-1995

http://www.avadocuments.com/doc/ieee-1149-5-1995
http://www.avadocuments.com/doc/ieee-1149-5-1995

