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INTRODUCTION TO MMS SPECIFICATIONS Page 1

1. INTRODUCTION TO MMS SPECIFICATIONS

This document provides the interface specifications for designers to develop any component of the
Modular Measurement System (MMS). The intent of this document is to precisely define the
interfaces that are important for compatibility of system components, but to leave open areas for future
system growth,

The architecture concepts are based on the modular instrument architecture developed in the early
1980’s. This architecture was developed to provide an environment where microwave measurement
systems could be built out of modular instruments. A standardized display interface was included as an
important attribute of the system, as the display of an instrument is often an important aid to test
program development as well as manual operation.

Modularity in large Automatic Test Equipment (ATE) systems was recognized as an important
attribute in the 1980’s because of potential size reduction, serviceability improvements, and the ability
to reconfigure. The United States Air Force, Navy, and Army reflected this in their requirements for
ATE systems. Modular instrument solutions for digital and low frequency analog applications became
possible using card-based architectures. Modular test equipment solutions for microwave applications
were being built using MMS equipment.

The MMS Consortium was formed to develop the Modular Measurement System Specification so that
the MMS architecture could be available to the public. This specification defines the interfaces of all
MMS system components. It also allows future system enhancements with compatibility for the large
installed base of MMS systems. MMS addresses the needs of microwave test systems and other
applications where modularity and sensitive measurement capability are needed.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0
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12 Specification Objectives

This specification defines a modular instrument system architecture allowing for the compatible
operation of modules and instruments. The system has been developed to meet the following

objectives:

1. Define mechanical and electrical interfaces where mainframes and modules can be interchanged
with full functionality in their system application.

2. Specify cooling, power, and electromagnetic compatibility requirements for mainframes and
modules.

3. Specify a common digital communication bus to be used for module to module communication
so that multiple conversations can occur on the bus without high-level arbitration between
modules.

4. Specify the protocol needed to achieve system communications and orderly communications
between modules.

5. Define a common control interface for computers external to the modular instrument system.

6. Allocate link types and register languages to insure communication compatibility between MMS
devices.

7. When extending the system to incorporate new requirements, maintain backwards compatibility

of the installed instrument base.

13 Applicable Documents

The following documents are referenced by this specification:

(1]

2]
(3]
[4]

[3]

American National Standards Institute/Institute of Electrical and Electronics Engineers, Inc.
1987. Standard Digital Interface for Programmable Instrumentation. IEEE 488.1-87 Institute of
Electrical and Electronics Engineeers, Inc., Piscataway, NJ

Electronic Industries Association. 1978. Electrical Characteristics of Balanced Voltage Digital
Interface Circuits. EIA 422-A-78 Electronic Industries Association, Washington, D.C.

Electronic Industries Association. 1983. Withstanding Voltage Test Procedure for Electrical
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141 Definition of Modular Measurement System Terms

AMBIENT TEMPERATURE -- Temperature of the air surrounding a system.

BULK AIR TEMPERATURE -- For fully developed air flow, the temperature that would result, at the
module air exit in a system under test, if the air were thoroughly mixed to a uniform temperature.

CONTROL LINK -- The link provided by a logical module for control of its functions.
DATA MESSAGE -- One or more packets sent with the command bit false.

DATA STREAM -- The sequence of data sent over MSIB representing one direction of the
communication over a link.

DATUM -- A theoretically exact point, axis, or plane derived from the true geometric counterpart of a
specified datum feature. A datum is the origin from which the location or geometric characteristics of
features of a part are established.

EXTERNAL LOOP -- The bus connecting mainframes in a multiple mainframe system.

GRAPHICS LINK -- A link which uses the registered graphics language defined in the Keyboard,
Graphics, and Storage Language Reference.

INSTRUMENT -- One or more modules which together provide a function.
INTERNAL BUS -- The fifty pin bus connecting modules and the mainframe.

KEYBOARD LINK -- A link which uses the registered keyboard language defined in the Keyboard,
Graphics, and Storage Language Reference.

LANGUAGE -- The ASCII sequence of characters sent over a link and used to perform actions in a
module.

LINK -- The standard bi-directional communication mechanism used on MSIB.
LOGICAL MODULE -- A device which is capable of communicating over MSIB.

MAINFRAME -- The enclosure that houses Modular Measurement System modules providing the
mechanical support, power, cooling, and communication bus.

MAINFRAME DATUM -- An origin from which the location or geometric characteristics of features on
a mainframe are established.

MAINFRAME EXTERNAL MSIB CONNECTOR -- A thirty seven pin connector, located on the
mainframe, connecting the external bus loop between mainframes.

MAINFRAME MSIB CONNECTOR -- A fifty pin connector, located on the mainframe, connecting the
internal bus between modules and mainframes.

MASTER -- A module which is capable of controlling other logical modules over a control link. It is
not necessary for a master to have slaves.

MMS -- Modular Measurement System.

MMS COMPONENT -- This term is reserved for only those products that fully comply with the rules
of this specification.

MODULE -- A single mechanical unit that plugs into a mainframe and occupies one or more physical
slots.

MODULE DATUM -- An origin from which the location or geometric characteristics of features on a
module are established.
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MODULE MSIB CONNECTOR -- A fifty pin connector, located on the module, connecting the
internal bus between modules and mainframes.

MSIB -- The Modular System Interface Bus provides communication between logical modules. It
connects logical modules over the internal bus and external loop.

MSIB STATUS MESSAGE -- The STATUS MSIB command and message
MULTIPLE MODULE INSTRUMENT -- An instrument containing more than one module.

REGISTERED LANGUAGE -- A registered language is a language which has been registered by the
MMS Consortium and a link number has been assigned.

REGISTERED LINK -- A registered link is a link which has been associated with a particular language
for a common MMS system function.

SLAVE -- A module which is controlled by another logical module over MSIB. A logical module,
which is a master, can also be a slave.

SLOT -- The smallest single unit of a mainframe which is fully capable of mechanically and electrically
supporting a module. A one slot module has historically been referred to as one eighth module.

STORAGE LINK -- A link which uses the registered storage language defined in the Keyboard,
Graphics, and Storage Language Reference.

142 Compliance Terminology

The following headings are used throughout this document to clarify what is required to comply with
this specification. Text which is not labeled with these headings is a description of the Modular
Measurement System architecture and operation.

RULE

Compatibility of system components is achieved through the rules of the Modular Measurement
System specification. It is MANDATORY that rules be followed to maintain compatibility. The words
MUST and MUST NOT are used exclusively in the description of rules.

RECOMMENDATION

Vital information and advice to the designer is provided through recommendations. It is likely that
problems will develop when recommendations are not followed. They should be followed in order to
provide the most suitable system components.

SUGGESTION

Helpful information is provided through suggestions. This advice should be used to help make design
decisions for Modular Measurement System system components. Suggestions are useful to designers
who are not experienced in Modular Measurement System design.

PERMISSION

Clarification of otherwise unspecified areas of the specification is provided with permissions. They
reassure the designer that a particular approach is within the spirit of the specification and will not be
likely to cause problems at a later date. The word MAY is reserved for use in permissions.

OBSERVATION

The rationale behind and implications of rules is pointed out by observations. A more complete
understanding of rules is developed through observations. Implications of Modular Measurement
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System rules that might be overlooked are explained through observations.

143 State Diagram Notation

State diagrams throughout this specification are represented with the following notation. Figure 1-1 is
an example of the notation used to represent a state diagram.

AB condition 1 cD
reset

condition 5

- condition 2
action

condition 3
EF) TGH

condition 4

Figure 1-1. Example of a State Diagram

A state is represented by a circle. An upper case mnemonic is used within the circle to identify the
state. Transitions between states are indicated by arrows. Only the indicated transitions are allowed.

The condition associated with each arrow evaluates to a Boolean value of TRUE or FALSE. If, and
only if, a condition evaluates to TRUE will the function transition to the state pointed to by the arrow.
When a condition evaluates TRUE the current state is left immediately and the function does not
respond to any other transition conditions from the current state. The next state may be entered at any
time after the condition evaluates to TRUE.

A condition is constructed from one or more local messages and/or remote messages combined using
the operators AND, OR, or NOT. Local messages are generated on the internal side of the interface.
Remote messages are generated on the external side of the interface. Local messages are represented
by a mnemonic written in lower case. Remote messages are represented by a mnemonic written in
upper case. The AND operator is represented by the symbol &. The OR operator is represented by
the symbol |. The AND operator takes precedence over the OR operator unless otherwise indicated
with parenthesis. The NOT operator is indicated by a horizontal bar placed above the items to be
negated.

An action associated with a transition may be represented with a line underneath the condition and a
mnemonic representing the action placed below the line. Condition 5 in figure 1-1 illustrates the use of
an action associated with a condition.

A shorthand notation is used to represent a transition to a state from all other states of the diagram.
An arrow with a condition at its origin is used to represent this condition, and is assumed to originate
in all states.
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144 Over Bar Notation

A bar drawn above a signal mnemonic indicates: action initiated on signal high to low transition for an
edge significant signal or low on a level significant signal.

1.5 Number Representations

All numbers are given in decimal form unless followed with a suffix of “H” which is used to indicate a
hexadecimal number.

When there is a fixed string of digits with some variable digits, the variable digits are indicated with an
“x.”.

For binary data, bit 0 is the least significant bit.

1.6 Modular Measurement System Architecture Overview

The Modular Measurement System architecture is based on standard sized modules, in increments of a
minimum module width, with external support functions provided by the mainframe. The mainframe
provides modules with power, cooling, physical structure, and digital communication capabilities.

Two methods of digital communication are provided by the Modular Measurement System
architecture. A common IEEE-488.1 interface is provided to each module interface connector,
providing a standardized computer-to-instrument interface. The Modular System Interface Bus
(MSIB), provides general purpose high speed digital communication between logical modules and also
provides a standardized computer interface. The MSIB system also defines an extension between
mainframes, allowing module placement to be dependent only upon instrument and measurement
system requirements.

There are, at the time of printing, three registered languages defined by the Modular Measurement
System:

o graphics language - allows an instrument to display text and graphics.
« keyboard language - allows the user to provide input to the instruments in the system.
« storage language - allows an instrument to access secondary media via a storage link.

An example of an MMS system is shown in figure 1-2. The block diagram corresponding to this system
is given in figure 1-3. There are seven instruments in this system, made up of twelve modules. These
instruments are controlled by an external computer over IEEE 488.1. One of the mainframes contains
a module which supports graphics and keyboard links which can be used for monitoring any of the
instruments during test program development or for manual operation. The modules can
communicate using MSIB. Note ‘that the MSIB is also connected between mainframes with the
external MSIB cables.

A computer can also use MSIB to control MMS instruments. Outside of a mainframe the computer
could have an external MSIB interface used to communicate with modules in the system. A computer
in a module would provide the benefits of the MMS form factor and could utilize MSIB for instrument
control.
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Sott | Instrument #1 |sont M M2 M3
Keys . Kays
Mainframe 1 Display
instrument #2
Display
M4 | M5 M6 | M7 | M8
Mainframe 2
M9 M10 M1 M12
Mainframe 3
Computer
Figure 1-2. Example MMS System
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Figure 1-3. Example Block Diagram
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2. IEEE STD. 488.1 INTERFACE BUS

A complete electrically equivalent set of IEEE Std. 488.1 interface lines are provided to each module
MSIB connector. This includes the eight data lines (DIO1-DIOS), the handshake lines (NDAC,
NRFD, DAV), the general bus management lines (EOI, REN, SRQ, ATN, IFC), and five ground
return lines.

2.1 Mainframe IEEE Std. 488.1 Requirements

RULE 2.1-1:
A Modular Measurement System mainframe MUST provide the complete set of IEEE Std. 488.1 lines
specified by the mainframe MSIB connector.

OBSERVATION 2.1-2:
The mainframe IEEE Std. 488.1 signal lines should be considered as an extension of the IEEE Std.
488.1 cable.

22 Module IEEE Std. 488.1 Requirements

RULE 2.2-1:
The module MSIB connector pins designated for IEEE Std. 488.1 signal functions MUST NOT be used
for any purpose other than designated by IEEE Std. 488.1.

RECOMMENDATION 2.2-2:

Instruments should implement an IEEE Std. 488.1 interface to serve as a remote interface to a
computer. The user of a Modular Measurement System expects that Modular Measurement System
instruments are controllable using IEEE Std. 488.1.

RECOMMENDATION 2.2-3:

A multi-module instrument should not use IEEE Std. 488.1 to communicate between logical modules.
Since the IEEE Std. 488.1 interface is the primary interface between an external computer and
Modular Measurement System instruments, module to module communications would interfere with
one of the primary missions of the Modular Measurement System.

OBSERVATION 2.2-4:
The IEEE Std. 488.1 interface is not the only remote control interface in the Modular Measurement
System. An MSIB interface is also recommended for all modules (see recommendation 4-1).

RULE 2.2-5:
If a logical module with an IEEE Std. 488.1 interface also has an MSIB interface it MUST have a
means to logically disconnect its IEEE Std. 488.1 interface.
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RECOMMENDATION 2.2-6:
If a logical module with an IEEE Std. 488.1 interface is likely to be configured so the IEEE Std. 488.1
interface is not used, a means should be provided to electrically disconnect the interface to reduce
loading on the IEEE Std. 488.1 bus.
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3. POWER BUS

The MMS power system distributes 40 kHz AC waveform power to the MMS modules. Each module
has a small 40 kHz isolation transformer at its input to reduce power related ground currents. This
system reduces EMI and allows accurate sub microvolt sensitivity measurements. This approach also

allows each module the flexibility to define its own power supply voltages without adding complexity to
the mainframe.

MMS module DC power supplies use LC input filters with continuous inductor current. The output of
these filters is proportional to the AVERAGE (not RMS) of the input voltage, so it is necessary that
the mainframe power supply regulate the AVERAGE AC output voltage in order to minimize
variations in module DC voltages.

The power system also distributes a Line Sync signal to each module. This signal is used by modules
which wish to synchronize measurements to the AC line frequency.

Power and Line Sync are delivered to the modules through the mainframe MSIB connectors. Refer to
appendix A, Connector Pin Descriptions, for further information related to the MSIB connector.

3.1 Mainframe Power Bus Specifications

RULE 3.1-1:

A mainframe MUST supply 40 kHz power with the specifications shown in table 3-1 when presented
with any legal module load. The suggested test procedure for mainframe dynamic voltage accuracy is
described in section B.1.2.2.

TABLE 3-1. 40 kHz Power Bus Specifications

Voltage: 40 kHz AC, maximum = 20 volts peak on each phase to
ground, 24.3 average line to line, +1%, -2% static, + 1% dynamic,
differentially balanced with an ohmic DC connection to ground of

less than 100 mf2.
Frequency: 40 kHz +5%.
Demodulated Output Ripple: Less than 50 mV p-p, 10 to 500 Hz (line related).
Transient Response Time: Less than 150 us (half load to full load to half load
with a legal module filter).

RULE 3.1-2:
The maximum power available to the mainframe MSIB connectors MUST be specified on the
mainframe’s capability label.

RECOMMENDATION 3.1-3:

Mainframes should provide at least 25 watts per module slot of the mainframe. This recommendation
is based on the installed base of MMS modules.
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OBSERVATION 3.1-4:

When configuring an MMS system the total power requirement should be determined by adding up the
power requirements of each module. The total module power requirement should not exceed the
maximum power capacity of the mainframe.

OBSERVATION 3.1-5:

When configuring an MMS Mainframe predating this specification without a capability label 25 watts
per module slot can be assumed when no other information is available. It is best to consult the
manufacturer of an unlabeled MMS mainframe to determine its power capacity.

RULE 3.1-6:

A mainframe MUST be equipped with overload protection so that the 40 kHz output is not damaged
by any load impedance including either a short or an open.

RULE 3.1-7:
The overload protection, when activated, MUST NOT cause the mainframe to exceed the normal
voltage, in order to prevent damage to the system or its components.

RULE 3.1-8:

A mainframe’s output voltage, during turn-on, MUST ramp-up monotonically in an approximately
linear fashion, in 220-300 ms. A 3% overshoot is permissible.

OBSERVATION 3.1-9:

A mainframe with a turn-on ramp-up voltage faster than 220 ms will cause higher charging currents to
the module filter capacitors and could activate the module overcurrent protection. The module
overcurrent protection is typically a fuse.

RULE 3.1-10:

When driven by a 40 kHz AC waveform, the load current waveform is a modified square wave similar
to that shown in figure 3-1.

-«——— Input Voltage
(24.3v/Average)

=~ Ilnput Current

N

» dh

Figure 3-1. Load Current Waveform
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RULE 3.1-11:
A mainframe MUST supply its maximum rated power under the following module conditions:

e Minimum Module Input Impedance shown in figure 3-3,
e Maximum Sideband Limits figure 3-4.

OBSERVATION 3.1-12:

Output Impedance at the mainframe MSIB connectors needs to be low enough at all frequencies to
insure that any transient load changes allowed under "Load Characteristics” will not cause dynamic
variations greater than specified in table 3-1. In addition, the distribution bus impedance at RF
frequencies needs to be low enough to prevent conducted EMI from propagating between modules.

RULE 3.1-13:

A mainframe design MUST accommodate the minimum magnetizing inductance of the module power
transformers. Module magnetizing inductance is specified in rule 3.2.1-1.

3.1.1 Mainframe Line Sync Output

Line Sync is derived from the AC mains. Its function is to provide a timing reference for
measurements which need to be synchronized to the power line frequency.

Line Sync and Line Sync Return are delivered to the modules through the mainframe MSIB
connectors. Refer to appendix A, Connector Pin Descriptions, for further information related to the
backplane interface connector.

RULE 3.1.1-1:
The Line Sync Output circuit MUST have the specifications as shown in table 3-2.

TABLE 3-2. Line Sync Output Specifications
Min Max

Vou @Iog = -04mA | 375V | 525V
VoL @ IoL = 0.4mA 00V 04V

OBSERVATION 3.1.1-2:
Table 3-2 translates to a minimum load impedance of 100 kil per slot based on an eight slot
mainframe.

RULE 3.1.1-3:
The Line Sync Output MUST be isolated from the mainframe AC mains. An opto-isolator is
recommended for this purpose.

OBSERVATION 3.1.1-4:

Line Sync is not defined for a mainframe that is powered from DC mains,
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32 Module Power Bus Interface Specifications

OBSERVATION 3.2-1:

The mainframe 40 kHz power supply has a maximum * 20 volts peak volts on each phase to ground.
Since this is less than 42 volts, it qualifies as Safety Extra-Low Voltage (SELV). If a module generates
internal voltages greater than 42 volts, it may have to meet various regulatory requirements to ensure
product safety.

RULE 3.2-2:
A module, deriving power from the 40 kHz power bus, MUST be designed to operate from the 40 kHz
power bus with the specifications listed in table 3-1.

OBSERVATION 3.2-3:

The mainframe’s output voltage is specified at the mainframe MSIB connector. It does not account for
losses due to the contact resistance of the interconnect. The contact resistance of the MSIB connector
is a maximum of 8.3 mf} at 3 A per pin.

N_<

|

Figure 3-2. Single Output Module Supply

RULE 3.2-4:

All MMS module power supplies which derive power from the 40 kHz power bus MUST be
transformer isolated, with full-wave rectifiers and choke inputs. Refer to figure 3-2 for an example of a
single output module supply.

RULE 3.2-5:

The maximum power required by a module MUST be specified on the module’s capability label. This
is a 40kHz cycle to cycle limit as well as a long term average limit. The suggested test procedure for
module power consumption is described in section B.1.1.

RULE 3.2-6:

The maximum power available through a single MSIB connector is 145 watts.
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SUGGESTION 3.2-7:
For reliability and compatibility it is a good idea to limit the power used by a module. A large installed
base of mainframes is available to modules that use 25 watts or less per slot.

OBSERVATION 3.2-8:

Modules built prior to this specification do not have a capability label. When configuring an MMS
module without a capability label, a power requirement of 25 watts per slot width can be assumed when
no other information is available. It is best to consult the manufacturer of an unlabeled MMS module
to find out a module’s power requirement.

RULE 3.2-9:
Each module MUST be equipped with primary overcurrent fault protection.

OBSERVATION 3.2-10:

The purpose of overcurrent fault protection is to prevent fires. A module’s primary overcurrent fault
protection is usually provided by a fuse. In the case of a module short circuit, the mainframe
overcurrent may be activated before the module overcurrent fault protection (fuse) is activated.
Reasonable size overcurrent fault protection for most modules is a 1 ampere rating per slot occupied
by the module. The overcurrent fault device should not be oversized.

SUGGESTION 3.2-11:

Deliberate fault testing should be performed to assure that there are no conditions in which the
module fuse fails to detect an overcurrent condition that has the potential to start a fire.

RULE 3.2-12:
A module deriving power from the 40 kHz power bus MUST use all four 40 kHz AC power pins.

RULE 3.2-13:
The maximum current through any one pin of the MSIB connector MUST NOT exceed 3 amps.
Connector damage may occur if this limit is exceeded.

RULE 3.2-14:
Rectifiers used in the module power supplics MUST have a Trr, reverse recovery time of less than 200
ns.

OBSERVATION 3.2-15:

Rectifiers with Trr of less than 50 ns are readily available and strongly recommended. Rectifiers with
Trr greater than 50 ns tend to cause difficulty in meeting the conducted emissions requirements of
figure 8-4.
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321 Module 40 kHz Power Transformer Requirements

Optimizing the transformer design will allow the maximum usable load. Restrictions have been placed
on the transformer design to assure correct loading of the 40 kHz power bus.

RULE 3.2.1-1:
A module, deriving power from the 40 kHz power bus, MUST present the bus with an inductance equal
to or greater than the lesser of :

1. 3%11, where n is the number of slots occupied by the module, or

2, 75—31}1, where p is the specified power consumption of the module, in watts.

OBSERVATION 3.2.1-2:

This inductance is typically the magnetizing inductance of the power transformer.

SUGGESTION 3.2.1-3:
Ferrite transformer core flux densities should be kept to less than 0.12 tesla. This will help limit the
leakage of magnetic fields from the transformer.

OBSERVATION 3.2.1-4:

The higher the core flux level, the higher will be the radiated magnetic field generated by the power
supply within the module. Note that the transformer will not be the only source of B fields. Poor
printed circuit board layout can cause higher emissions than the transformer itself.

RULE 3.2.1-5:
The capacitance placed across the 40 kHz power bus by a module MUST be less than 0.01 uFxn
where n is the number of slots occupied by the module.

322 Module Filter Inductor Requirements

Filter inductance is reflected back through the transformer and is seen by the 40 kHz power source
control loop as part of the load. The limits on the reflected module power supply filter L and C were
established with the goal of minimizing power supply load interaction between modules. Values were
chosen for a reasonable mainframe power distribution system without being an excessive restraint on
the module power supply design.

RULE 3.2.2-1:
The minimum reflected filter inductance MUST be equal to or greater than the lesser of
1. M, where n is the number of slots occupied by the module, or
n
2. _Z.S_m_Ii’ where p is the specified power consumption of the module, in watts.

Figure 3-3 shows the minimum impedance for modules of various sizes, assuming they draw 25 watts
per slot.
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Figure 3-3. Minimum Module Input Impedance
OBSERVATION 3.2.2-2:

Module reflected filter inductance and capacitance are typically calculated from filter component
values, rather than being measured directly.

RECOMMENDATION 3.2.2-3:
The maximum reflected L should be less than 2000 uH divided by the total number of slots occupied by

the module.

RULE 3.2.2-4;
Each power supply filter choke MUST be designed so that at minimum load, the instantaneous
magnetic field in the core never goes to zero.

RULE 3.2.2-5:
Filter chokes MUST NOT be allowed to saturate.
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323 Module Filter Capacitor Requirements

Filter capacitance is reflected back through the transformer and is seen by the 40 kHz power source
control loop as part of the load. The limits on reflected L and C were established with the goal of
minimizing power supply load interaction between modules. Values were chosen for a reasonable
mainframe power distribution system without being an excessive restraint on the module power supply
design.

RULE 3.2.3-1:
The maximum reflected capacitance MUST NOT be greater than 1000 uF x the total number of slots
occupied by the module. Refer to figure 3-3 for a minimum module input impedance graph.

RECOMMENDATION 3.2.3-2:

The minimum reflected capacitance should be greater than 100 uF x the total number of slots occupied
by the module.

324 Module Load Current Variation

Variations in the amplitude of module load current are restricted in order to minimize interaction
between power supplies of different modules. The restrictions are based on the characteristics of the
40 kHz power bus and the behavior of module filters. These variations can be measured by measuring
the spectrum of the 40 kHz component of the current a module draws from the mainframe power
supply. Load current variations will appear as sidebands on the 40 kHz component of the module’s
load current. The suggested test procedure for this specification is described in section B.1.2.1.

RULE 3.2.4-1:
The maximum sideband limits MUST NOT exceed the limits as shown in figure 3-4.

T T T 1771777 T
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N
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_ N
40 dB
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Figure 34. Maximum Sideband Limits
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32.5 Module Power Supply Turn On

Turn-on delay is specified for module processor and MSIB power supplies. This specification results
from the timing requirements of the MSIB interface circuits. The power supply turn-on delay is caused
by the time it takes the module power supply’s LC filter to become charged. In most cases, this delay
specification is not a problem. This is because the module power supply regulator has enough
headroom to ensure that the output will be regulated a little before the 40 kHz power supply voltage is
within specification.

RULE 3.2.5-1:

The maximum turn-on delay time for a module processor and MSIB interface supply MUST NOT
exceed 3 ms beyond the time at which the 40 kHz power bus becomes regulated (see figure 3-5).

T~ 220-330 ms typical

40 kHz
Supply
Voltage

P‘-.:
' “Sturn-on delay time

Vee

MSIB and
Processor
Supply OV
Voltage
— TIME —
Figure 3-5. Module Power Supply Turn-on Timing
OBSERVATION 3.2.5-2:

An MMS module should expect the 40 kHz power bus, during turn on, to ramp-up in a nearly linear
fashion, in 220~-300 ms. Faster ramp-up times will cause higher charging currents to the module filter
capacitors and could activate either the module or the mainframe 40 kHz power bus overcurrent fault
protection.
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32.6 Line Sync

Line Sync is available for those modules which require a timing reference for measurements which
need to be synchronized to the power line frequency.

OBSERVATION 3.2.6-1:

A module is not required to use the Line Sync Output or Line Sync Return. Both lines can be
terminated into open circuit when unused.

RULE 3.2.6-2:
A module using Line Sync MUST use both the Line Sync Output and Line Sync Return.

RULE 3.2.6-3:

A module using Line Sync MUST connect a minimum of 20 0 between the Line Sync Return and
module ground.

RULE 3.2.6-4:
A module using Line Sync MUST load the Line Sync Output with equal to or greater than 100 kf}/n;
where n is equal to the number of slots occupied by a module.

RULE 3.2.6-5:

The maximum allowable capacitance across Line Sync and return is 50 pF x n where n is the number of
slots occupied by the module.

33 Mainframe and Module MSIB +5 Volt Supplies

MMS modules and mainframes communicate with one another via the MSIB Bus. Circuits driving the
bus need to operate at the same voltage, +35 volts.

RULE 3.3-1:
The +5 volt supply used for the MSIB MUST be +5 +0.25 volts.

RECOMMENDATION 3.3-2:

The use of low drop-out regulators driven by low overhead raw supplies is strongly recommended for
the +5 volt supply driving the MSIB circuitry.

OBSERVATION 3.3-3:

Low drop out regulators tend to closely follow the turn on behavior of the 40 kHz bus. Tracking of the
various +5 Volt power supplies that are supplying V., to the MSIB integrated circuits prevents current
sourcing from one supply to the other through the MSIB integrated circuits during turn-on.
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4. MODULAR SYSTEM INTERFACE BUS

The Modular System Interface Bus (MSIB) is the bus over which MMS devices communicate with each
other. The Modular System Interface Bus (MSIB) defines a mechanism by which modules,
mainframes, and controllers communicate. MSIB includes a mechanism for starting up
communication in an orderly fashion.

RECOMMENDATION 4-1:
An MSIB interface should be implemented for logical modules which have remotely controllable
functions.

4.1 Overview

The Modular System Interface Bus (MSIB) provides a means for MMS modules to communicate with
cach other. Any module can communicate with any other module in an MMS system independent of
the rest of the modules in the system. A module may communicate both with other modules in the
same mainframe and with modules in other mainframes. Communication with modules in the same
mainframe is done over the MSIB internal bus. Communication with modules in other mainframes
takes place over the MSIB external bus.

The basic unit of data transmission on MSIB is a packet. When a module is sending a packet to
another module it does not distinguish whether that module is in the same mainframe or in another
mainframe. The mainframe has the responsibility of determining whether the receiving module is in
the same mainframe or not and forwarding the packet to other mainframes if it isn’t.

The job of passing packets between the MSIB internal and MSIB external buses is given to a section of
the mainframe called the mainframe translator. It is the translator’s responsibility to watch the MSIB
internal bus for packets that are not acknowledged by any modules in that mainframe and sending
those packets off to other mainframes. The translator also has the responsibility of taking packets from
other mainframes and sending them to modules in its mainframe.

Use of the MSIB internal bus is controlled by a section of the mainframe known as the arbiter. The
arbiter has the responsibility of dividing the bandwidth of the MSIB internal bus between modules
wishing to communicate over that bus. The arbiter will also allocate time to the mainframe when the
translator has packets from another mainframe.

41.1 Address Space

MMS Modules reside in the MSIB address space. This space is made up of 256 unique addresses.
These addresses are only unique, however, within a local MSIB network.

Each address in the local MSIB network may be either vacant or occupied by 2 module.
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4.1.1.1 Vacant Address
A module sending data to a vacant address will receive an indication that there is no module present at
that address.

It is possible to build hardware that can receive data sent to a vacant address without responding in any
way (BSY or ACK). Multiples of these receivers could be set to the same address, thereby allowing
transmissions to multiple receivers at the same time. The details on how to do this are not covered in
this document.

4.1.12 Occupied Address
Data sent to an address occupied by a module will be received by that module. If the module is busy
then the sending module will resend the data until the module can receive it.

412 Packets

As stated above, the basic unit of data transmission on MSIB is a packet. A packet is made up of 8
fields totaling 36 bits. The order in which these fields are transmitted is dependent on the particular
bus (internal or external) over which they are sent. The fields are grouped into frames, each frame
consisting of one 8 bit field and one 1 bit ficld.

TABLE 4-1. Packet Contents

Frame Field Bits Description
TO TO ADDRESS 8 MSIB address of destination module
B/W 1 Byte/word: 1=byte, 0=word
FROM | FROM ADDRESS 8 MSIB address of source module
EA 1 external acknowledge (see below)
D1 DATA 1 8 First data byte
NA 1 Not accepted (see below)
D2 DATA 2 8 Second data byte
CMD 1 Command flag: 1=command, 0=data

The TO Address and FROM Address ficlds of a packet contain the MSIB addresses of the receiver
and sender of the packet. The Data 1 and Data 2 fields contain the two bytes of data that the packet is
sending. The B/W field is used to indicate whether the packet contains one or two bytes of data. The
CMD field indicates whether the data fields contain data or whether they contain an MSIB command.
For more information on the use of the B/W and CMD fields see chapter 5, Communication Protocol.
The EA and NA fields indicate whether a receiver was found for the packet and whether that receiver
was able to accept the packet.
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413 Reset

In a system containing many modules, some of which are parts of instruments made up of many
modules, it is important that the system start running in an orderly fashion. Specifically, it is important
that all modules start running at the same time so that modules that control groups of other modules
can determine where the other modules reside in the system and configure themselves appropriately.

This is accomplished by a mechanism that is made up of part hardware and part protocol. The
hardware portion of that mechanism, known as the reset mechanism, will be described in this chapter.
The protocol portion is discussed in chapter 5, Communication Protocol.

The reset mechanism is global to the system; a reset signal generated in any part of the system will
affect all modules in the system.

A reset signal may be generated either by a mainframe or by a module. When a mainframe is powered
down it will indicate a reset condition to other mainframes over the MSIB external bus. When a
mainframe is powered up but the power supply to the modules is not within the specified range the
mainframe will indicate reset to other mainframes and to modules within that mainframe. Once a
mainframe has released its own reset and determined that other mainframes have released reset it will
release reset to its modules.

After the mainframe has released reset to the modules a module may assert reset on the MSIB internal
bus. This has two affects: First, it puts the other modules in that mainframe into reset. Second, the
signal is detected by the MSIB mainframe translator and sent to other mainframes. The result is that
the system is placed into reset. When the module releases the MSIB internal bus reset the system is
released from reset (provided no other component is holding the system in reset). For more
information on reset see section 4.2.1.1.7 and section 4.3.5.

~

42 MSIB Internal Bus

MSIB communication takes place over two different buses. Communication between modules that
reside in the same mainframe takes place over the MSIB internal bus. Communication between
mainframes is done on the MSIB external bus. A message from a module in one mainframe to a
module in another mainframe goes first from the sending module to its mainframe over the MSIB
internal bus. It then goes over the MSIB external bus from that mainframe to the mainframe that has
the receiving module. Finally, it goes over the MSIB internal bus in that mainframe to the receiving
module.

This section describes communications on the MSIB internal bus.

42.1 Overview

Data is sent over the MSIB internal bus as a series of packets. The arbiter allocates time slots to
modules and the mainframe during which packets are sent. These time slots are allocated as needed
on a packet by packet basis. A module or the mainframe requests a time slot by asserting its RTS line.
The arbiter grants the request by asserting the corresponding CTS line.

Packets are sent as a sequence of frames. Each frame is sent during the time between one falling edge
of the clock and the next. A packet will take between two and four frames to transmit. A complete
packet will take four times but in some cases the packet may be terminated after two or three frames.
Figure 4-1 shows the transmission of a typical packet.
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Figure 4-1. Transmission of a Typical Packet

A packet transmission is initiated by a module or the mainframe translator asserting its RTS line. The
mainframe responds to this by starting a packet and asserting CTS to the module or mainframe that
asserted its RTS.

The mainframe starts a packet by starting the clock and releasing BSY. The CLK line is only active
when a packet is being sent. It is held low at all other times. BSY being unasserted indicates the start
of a packet. A frame in which BSY is unasserted following a frame in which BSY is asserted is the first
frame of a packet, the TO frame. The assertion of BSY terminates the packet. The frame in which
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BSY is asserted is the last frame of the packet.

The assertion of CTS to a module causes that module to drive the first frame of the packet onto the
bus. During succeeding clock periods the module drives the rest of the frames onto the packet. If the
receiver of the packet is present on the bus it will assert the ACK line during the FROM frame. If
ACK is not asserted in the FROM frame the mainframe translator will send the packet off to other
mainframes. If the receiver is present but unable to accept the packet (probably because its input
buffer is full) it will assert BSY in either the FROM or D1 frame. If the receiver does not assert BSY
in either the FROM or D1 frame then the mainframe will assert BSY in the D2 frame to complete the
packet.

4.2.1.1 Signals
The MSIB internal bus consists of the following signals:

TABLE 4-2. MSIB Internal Bus Signals

Name Driven by Type | Assertion Level Description
CLK Mainframe Sing Backplane clock
D8 Mainframe or Module | Tri positive logic Data line 8
D7-0 Mainframe or Module | Tri positive logic Data lines 7 through 0
RTS Module Sing active low Request to send
CTS Mainframe Sing | active low Clear to send
BSY Mainframe or Module | Pre active low Busy
ACK Mainframe or Module | Pre active low Acknowledged
RESET | Mainframe or Module | Open | active low Bus reset
Type:

Sing Single ended

Tri Tri-state

Pre Open collector - Pre-charged
Open Open collector - Passive pullup

All MSIB internal bus signals are common to all the modules with the exception of RTS and CTS.
There is one RTS and one CTS signal connecting each module with the arbiter.

The BSY and ACK signals are pre-charged to a logic high level during the first portion of each clock
cycle. During the last portion of the clock cycle they are passively held high. During this time they may
be pulled low to signal a condition. This gives them the wire-or function of passive pullup open
collector without the speed limitations.

All timing rules of the MSIB internal bus apply to signals at the MSIB connector.
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4.2.1.1.1 CLK
CLK is the signal to which all other signals on the MSIB internal bus are referenced. An MSIB
internal frame spans the period between two high to low edges of this signal.

The CLK signal is only active when the bus is in use. When the bus is idle the clock is stopped.

4.2.1.1.2 D8 Through D0

The signals D7 through DO are used to transmit the four 8 bit fields of a packet. The signal D8 is used
to transmit the four 1 bit fields of a packet. These signals are driven and received by the components
that transfer data: the mainframe translator and the modules. The arbiter does not drive or receive
these signals.

4.2.1.1.3 RTS

This signal is used by a module or the mainframe translator to request a time slot from the arbiter. If
the bus is inactive this signal will cause the mainframe to start the clock.

4.2.1.1.4 CTS
This signal is used by the arbiter to inform a component that it has been granted a time slot on the bus.

4.2.1.1.5 BSY

The BSY signal is the synchronizer of frames on the bus. A frame in which BSY is not asserted
following a frame in which BSY is asserted indicates the start of a packet. This frame is the first (TO)
frame of the packet. The packet progresses until BSY is asserted. The frame in which BSY is asserted
becomes the last frame of the packet. All subsequent frames are idle frames until BSY is again
released.

The frame in which BSY is asserted determines the status of the packet. BSY asserted in FROM or
D1 indicates a receiver is busy. This indicates the need to re-transmit the packet. In this case it is the
receiver that asserts BSY. BSY asserted in D2 indicates the normal completion of the packet. In this
case it is the mainframe that asserts BSY.

RULE 4.2.1.1.5-1:

A component MUST only assert BSY if it is to continue to assert it through the remainder of the
frame.

42.1.1.6 ACK

The ACK signal is used by a module to signal a match between its MSIB address and an address field
(TO or FROM) of a packet. The match is signaled by the assertion of ACK in the frame following the
frame that contained the matching address.

The receiver of a packet will use ACK to signal a match between its address and the TO field of a
packet. It will do this by asserting ACK in the FROM frame of the packet. This is a signal to the
sender of the packet and to the mainframe translator that the receiver is present in the mainframe. A
packet for which ACK is not asserted in the FROM frame will be passed on to other mainframes by
the mainframe translator.
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The sender of a packet will assert ACK in the D1 frame to indicate that its address matches the FROM
field of the packet. It does not do this when it is sending a packet but only when the mainframe
translator is returning a packet that has been sent to other mainframes. This is an indication to the
mainframe translator that the packet has returned to the sender and should not be forwarded to the
next mainframe,

RULE 4.2.1.1.6-1:

A component MUST only assert ACK if it is to continue to assert it through the remainder of the
frame.

4.2.1.1.7 RESET

The MSIB internal bus RESET signal is used to indicate or initiate a system reset. When this signal is
asserted it is an indication to all modules that the system is in reset. The signal may be asserted by
either the mainframe or by a module. If it is asserted by a module then it is an indication to the
mainframe that the system is to be put into reset.

The mainframe will assert RESET either when it is powering up or down (the power supplied to the
modules is not within the specified range) or when its mainframe translator detects a reset signal
initiated from outside this mainframe (e.g., from another mainframe). A module will assert RESET in
order to reset the system. See sections 4.2.2.3 and 4.2.3.4 for more detail.

RULE 4.2.1.1.7-1:
Any component asserting RESET MUST assert it for a minimum of 100 ms.

4.2.1.1.8 Precharge and Pullup

Each of the signals BSY and ACK is a pre-charged signal. That is, it is pulled high by the mainframe
during the first part (CLK low) of a frame. During the second part of the frame it may be pulled low
by either the mainframe or a module. If neither the mainframe nor a module pulls it low then it will be
held high by the bus termination resistors and sensed as a high at the end of the frame.

4.2.1.1.9 Timing
The timing of the signals on the MSIB internal bus is shown in figure 4-2. The timing values are listed
in table 4-3,
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Figure 4-2. Timing of Signals on the MSIB Internal Bus
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TABLE 4-3. Timing Values of Signals on the MSIB Internal Bus

Symbol R | Frame | Min | Max | Notes Description
CIkCy D All 161 | 162 Clock cycle time
CIkL D All 60 - A Clock low time
CIkH D All 80 - A Clock high time
ClkSkew D All - 10 Clock skew between any two modules
RtsHClk D TO 0 - RTS release to Clock
CIkCtsL D TO 25 75 Arbiter Clock to assert CTS
ClkCtsH D TO - 75 Arbiter Clock to release CTS
CtsDZn D TO 0 - CTS low to data drive
ClkDZn D TO 0 - CLK high to data drive
CIkDZ D Last - 30 Driver delay before releasing data lines
CtsD D TO - 45 B CTS true to data TO/BW valid
CIkD D | FROM - 100 B Clock low to data FROM valid
D D1 - 135 B Clock low to data D1 valid
D D2 - 135 B Clock low to data D2 valid
DSu R TO - 40 Receiver data TO/BW setup requirement
R | FROM - 60 Receiver data FROM setup requirement
R D1 - 25 Receiver data D1 setup requirement
R D2 - 25 Receiver data D2 setup requirement
DHd D All 15 - Driver data hold time
R All - 5 Receiver data hold requirement
CIkD8 D | FROM - 45 Clock to data EA valid
D D1 - 45 Clock to data NA valid
D D2 - 45 Clock to data CMD valid
D8Su R | FROM - 5 Receiver data EA to Clock high setup req.
R D1 - 5 Receiver data NA to Clockhigh setup req.
R D2 - 5 Receiver data CMD setup requirement
ClkPc D All 35 - Clock low to precharge start
PcHd D All 0 5 Clock high to precharge end
ClkBa D All 15 - Clock high to BSY/ACK assert
BaSu R All - 35 Receiver BSY/ACK setup requirement
BaHd D All 10 25 Driver BSY/ACK hold
R All - 0 Receiver BSY/ACK hold requirement
Notes:
(A) This translates to a duty cycle in the range of 37.3% to 50.0%.
(B) These values are observations only. They are derived from other values
in this table.
The columns of the table are defined as follows:
Symbol: Time subscript from figure 4-2.
R: Indicates who is responsible for this parameter.
D: The driver of the signal; R: The receiver of the signal.
Frame: Indicates which frame(s) this value applies to.
Min: Minimum allowable time in ns.
Max: Maximum allowable time in ns.
Description: A brief description.
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RULE 4.2.1.1.9-1:
The times described above MUST be met for all components on the MSIB internal bus.

4.2.1.1.10 Transceivers

The requirements for drivers and receivers are shown in the following table.

TABLE 4-4. MSIB Internal Bus Transceiver Characteristics

Symbol Parameter Min | Max Conditions

Vi High-Level Input Threshold Voltage 2.0 \'

Vi Low-Level Input Threshold Voltage 08 \’

Vou High-level Output Voltage 2.7 525 |V I = -04 mA

VoL Low-level Output Voltage -0.5 0.5 \'% Iy =16 mA

Iy High-level Sink Current 20 KA | V=27V

I Low-level Source Current -0.1 mA | Vi =04V
RULE 4.2.1.1.10-1;

All transmitters and receivers on the MSIB internal bus MUST meet the requirements shown in table
44,

RECOMMENDATION 4.2.1.1.10-2:

Module transmitters and receivers should be located as close as possible to the MSIB connector.

OBSERVATION 4.2.1.1.10-3:

Since driver characteristics determine the bus settling time it is important that drivers be chosen to
insure that bus signals settle within the specified time.

422 Module

The module interface is the module’s connection to the MSIB internal bus.
A module interface is made up of three sections:

e Transmit - Transmit packets onto internal bus

» Receive - Receive packets from internal bus

¢ Reset - Assert/Sense reset signal from internal bus

4.2.2.1 Module Transmit

The purpose of the transmit section is to send a packet from the module in which it resides to the
receive section of another module by way of the internal bus and possibly the external bus. It does this
by requesting a time slot on the internal bus from the arbiter and then transmitting the packet onto the
bus when the request is granted. The transmit section must recognize when a packet has been
forwarded by the mainframe translator and wait for that packet to be returned.

When a module has a packet to send it asserts RTS. The arbiter will respond by asserting CTS,
allowing the module to send the packet.
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4.2.2.1.1 Module Transmit Algorithm

The module transmitter algorithm is described in figures 4-3 and 4-4. The algorithm description uses
the state machine notation defined in section 1.4.3. This description is not intended as an
implementation of the algorithm. An actual implementation would quite likely differ from the state
machine shown here. For example, a single state in this description may be implemented as multiple
states. All state transitions occur on the high to low transition of CLK.

The algorithm consists of two state machines. The machine in figure 4-3, the send machine, sends a
packet from the module onto the internal bus. The machine in figure 4-4, the return machine, removes
packets from the internal bus that were sent over the external bus by the mainframe and notifies the
send machine when this occurs. :

When RESET is asserted the send machine (figure 4-3) releases the MSIB internal data bus lines,
clears the Trdy flag and enters state A.

A: The send machine remains in state A until it receives a CTS signal and it identifies the first
frame of a packet. The first frame of a packet is a frame in which BSY is not asserted following
a frame in which BSY is asserted. While in state A it will assert RTS if it has a packet to send, it
currently has no packet on the external bus, and CTS is not asserted. When CTS is asserted the
module will asynchronously release RTS and drive its TO frame data onto the data lines.

If at the end of a frame, CTS is asserted, the frame is the first frame of a packet, there is a packet
to be sent, and the module does not have a packet on the external bus, then the module will
proceed to state B to send the FROM frame data.

If CTS is asserted at the end of the TO frame but the module either has no packet to send or has
a packet on the external bus then it proceeds to state G where it will terminate the packet.

B: The send machine remains in state B for the duration of the FROM frame. In state B the
module drives the data lines with its FROM frame data. If BSY is asserted at the end of the
FROM frame the receiver was busy and the send machine will return to state A to re-try sending
the packet. If BSY is not asserted at the end of the frame then the send machine will check
ACK. If ACK is asserted then the receiver is in the same mainframe and the packet will not be
sent to the external bus. The module will proceed to state C. If ACK is not asserted then the
receiver is not in the same mainframe and the packet is going to be sent to the external bus. The
module will proceed to state E.

C: The send machine remains in state C for the duration of the D1 frame. In state C the module
drives the data lines with its D1 frame data. If BSY is asserted at the end of the D1 frame the
send machine will return to state A and wait for the next packet to start. If BSY is not asserted
at the end of the frame then the send machine will check ACK. If ACK is not asserted in the D1
frame the module will proceed to state D to complete the packet. If ACK is asserted then the
send machine will assume the packet will be sent to the external bus and will go to state F to
complete the packet.

D: The send machine remains in state D for the duration of the D2 frame. In state D the module
drives the data lines with its D2 frame data. At the end of the D2 frame the send machine will
return to state A to await the start of the next packet.

E: Instate E, as in state C, the packet is in the D1 frame and the module is driving the data bus with
its D1 frame data. In state E, however, the module has determined that the destination module
is not in this mainframe and therefore the packet will be sent to the external bus. If the packet is
terminated in the D1 frame by a BSY signal the send machine will return to state A to re-send
the packet. Otherwise it will continue to state F to finish the packet.

F: InstateF, as in state D, the packet is in the D2 frame and the module is driving the data bus with
its D2 frame data. In state E, however, the module has determined that the destination module
is not in this mainframe and therefore the packet will be sent to the external bus. On leaving the
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F state the module sets the PktExt flag indicating that the module has a packet on the external
bus.

G: State G is entered when the module received a CTS but has no packet to send. The module
remains in state G for the duration of the FROM frame but does not drive the data bus. If BSY
is asserted at the end of the FROM frame then the module returns to state A. Otherwise the
module continues to state H where it will assert BSY to terminate the packet.

H: In state H the module asserts the BSY signal but does not drive the data lines. The assertion of
BSY in the D1 frame will terminate the packet.

Return portion of the module send state machine deals with the return packets that were sent to the

external bus.

K: The module will remain in state K until it sees a TO frame with no CTS. This lets it track all
packets except the packets it is sending. Once it sees the state of a packet that it is not sending it
proceeds to state L.

L: The module remains in state L for the FROM frame of the packet. The module will return to
state K at the end of the FROM packet if either BSY is asserted or the data in the FROM
address of the packet does not match the module’s address. If the data in the FROM field of the
packet matches the module’s address then the packet is being returned from the external bus.
The module proceeds to state M for the D1 frame.

M: The module remains in state M for the D1 frame. While in state K the module asserts the BSY
and ACK signals. The BSY signal terminates the packet in the D1 frame. The ACK signal
indicates to the mainframe that the packet has returned to the sender and should not be passed
back to the external bus. At the end of the D1 frame the module will clear the PktExt flag,
indicating that it no longer has a packet on the external bus. If either of the EA or NA bits of the
packet are clear the module will clear the Trdy flag, indicating that there is no longer a packet to
be sent. The EA bit being clear indicates that a destination module for the packet was not found.
If the EA bit is set but the NA bit is not set then the destination module was found and accepted
the packet. If both bits are set then the destination was found but was not able to accept the
packet. In this case the Trdy flag is not cleared, which will result in the packet being re-sent.

RULE 4.2.2.1.1-1:
A module transmitter MUST implement states A through F of figure 4-3 and states K through M of
figure 4-4.

RECOMMENDATION 4.2.2.1.1-2:

A module transmitter should implement states G and H of the module transmitter algorithm (figure
4-3). These states will normally not be executed, but they prevent an errant CTS from generating an
invalid MSIB packet.

OBSERVATION 4.2.2.1.1-3:
If the EA bit of the returning packet is clear then there is no module at the TO address.

PERMISSION 4.2.2.1.1-4:

A module transmitter may assert RTS for the duration of a packet if it has another packet to send that
can be sent immediately following the current one. In this case RTS remains asserted when CTS
becomes true in state A.
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PERMISSION 4.2.2.1.1-5:

A module transmitter may abort a transmission on any transition that would go to state A by following
the normal transition actions and clearing Trdy.

PERMISSION 4.2.2.1.1-6:

A module transmitter may abort a transmission while in state A by releasing RTS, provided that it
implements states G and H.

Frame

CTS+To

CTS&To&Trdy&PktExt

CTS&To&(Trdy+PktExt)

BSY&ACK

Figure 4-3. Module Transmit Algorithm-Send
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TABLE 4-5. Module Transmit Algorithm-Send Notation

States:
A Idle or TO frame ,
B Sending FROM frame of packet
C Sending D1 frame - receiver in same mainframe
D Sending D2 frame (internal)
E Sending D1 frame - receiver not in same mainframe - packet going external
F Sending D2 frame (external)
G Errant CTS from Arbiter
| H Terminate packet in D1
[ Conditions:
ACK MSIB internal bus ACK signal
BSY MSIB internal bus BSY signal
CTS Clear TO Send signal from Arbiter
MA Value clocked from data lines matches my address
NA NA (Not Accepted) bit in packet - Receiver was busy
PktExt The packet in on the external loop
Reset MSIB internal bus RESET signal
TO TO frame - frame with BSY false following frame with BSY true
Trdy State of Trdy flag latched on rising edge of CLK (see observation 4.2.2.1.1-7)
Outputs:
Drive Drive  Drive Drive Clear Set
State BSY TO FROM D1 D2 Trdy  PktExt RTS
A - if CTS - - - - - if ready
B - - drive - - - - -
C - - - drive - - - -
D - - - - drive  enable - -
E - - - drive - - - -
F - - - - drive - enable -
G - . - - . . . -
H assert - - - - - - -
BSY - do not assert BSY
assert  assert BSY during the CLK low time of this frame
Drive TO - do not drive data lines with TO frame data
if CTS  drive data lines with TO frame data while CTS is asserted
Drive FROM - do not drive data lines with FROM frame data
drive drive data lines with FROM frame data
Drive D1 - do not drive data lines with D1 frame data
drive drive data lines with D1 frame data
Drive D2 - do not drive data lines with D2 frame data
drive drive data lines with D2 frame data
Clear Trdy - do not clear Trdy flag
enable  clear Trdy flag at the end of this frame
Set PktExt - do not set PktExt flag
enable  set PktExt flag at the end of this frame
RTS - do not assert RTS
ifready  assert RTS while Trdy flag is set, PktExt flag is not set, and
CTS is not asserted
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OBSERVATION 4.2.2.1.1-7:

Since the Trdy flag can change asynchronous to the MSIB Internal bus clock it is mecessary to
synchronize it by latching it on the rising edge of the clock. This latched signal is then input to the state
machine.

Frame
To+CTS
Reset
TO K
To&CTS
BSY+MA
FROM L
BSY&MA
NA
D1 M EA+
EA&NA

__

Figure 4-4. Module Transmit Algorithm-Return
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TABLE 4-6. Module Transmit Algorithm-Return Notation

States:
K Idle or TO frame
L FROM frame - check for returning packet
M My packet - ACK and terminate it
~Conditions:
BSY MSIB internal bus BSY signal
CTS Clear TO Send signal from Arbiter
EA Packet has EA flat set (D8 in FROM)
MA Value clocked from data lines matches my address
NA NA (Not Accepted) bit in packet - Receiver was busy
Reset MSIB internal bus RESET signal
TO TO frame - frame with BSY false following frame with BSY true
| Trdy State of Trdy flag latched on rising edge of CLK
—6utputs:
Clear Clear
State BSY ACK Trdy PktExt
K - - - -
L . . . -
H assert assert if done enable
BSY - do not assert BSY
assert assert BSY during the CLK low time of this frame
ACK - do not assert ACK
assert assert ACK during the CLK low time of this frame
Clear Trdy - do not clear Trdy flag
if done clear Trdy flag at the end of this frame if either the EA or NA
bits of the packet are clear
Clear PktExt - do not clear PktExt flag
enable clear PktExt flag at the end of this frame

42.2.1.2 Signals

RULE 4.2.2.1.2-1:
The module MSIB internal bus transmitter MUST NOT assert BSY in the TO, FROM, or D2 frames
of a packet.

RULE 4.2.2.1.2-2:
The module MSIB internal bus transmitter MUST drive RTS at all times. RTS is not a tri-state or
open collector line.

OBSERVATION 4.2.2.1.2-3:
Note that the conditions set forth in section 4.2.1.1 apply here.
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4.2.2.1.3 Timing

RULE 4.2.2.1.3-1:

The following parameters as described in figure 4-2 and table 4-3 MUST be met by a module’s MSIB
internal transmitter:

BaHd BaSu ClkBa CIkD CIkD8 ClkDZn
CtsD CtsDZn D8Su DHd DSu

4.2.2.2 Module Receive

The purpose of the Receive section is to receive packets sent to a module. It does this by watching the
internal bus for a packets with a TO address that match its own and extracting the data from such
packets.

4.2.2.2.1 Module Receive Algorithm

The module receiver algorithm is described in figure 4-5. The algorithm description is in the form of a
state machine as defined in section 1.4.3. This description is not intended as an implementation of the
algorithm. An actual implementation would quite likely differ from the state machine shown here. For
example, a single state in this description may be implemented as multiple states. All actions of the
module receiver occur on the high to low transition of CLK. A module receiver never drives the
internal bus data lines.

The receive portion of a module does not drive the data lines. On RESET the receive state machine
enters state A.

A: In state A the module waits for a packet to start (the TO frame). When the module detects the
TO frame it checks whether the data in the TO field of the packet matches its address. If it does
not the module remains in state A. If the TO address does match its own address then the
module checks whether it has room in its receive buffer to accept the packet. If it does not then
it will proceed to state F where it will terminate the packet. If it does have room then it will store
the data from the TO frame data of the packet and will continue to state B.

B: The module remains in state B for the FROM frame. In this frame the module asserts ACK to
indicate that it (the destination module) is present on the bus. If at the end of the FROM frame
the module detects that the EA bit in the packet is set it must assume that the packet has already
been received and therefore should not be received again. In this case the module returns to
state A to await the next packet.

It is possible for a module to reject a packet at the end of the FROM frame as well as the end of
the TO frame. This will most likely occur because for some reason the module does not want to
accept the packet based on its FROM address. To do this the module proceeds to state E where
it will terminate the packet. Otherwise the module will latch the data from the FROM frame of
the packet and proceed to state C.

C: The module remains in state C for the D1 frame of the packet. If at the end of the frame the
BSY signal is set the module will return to state A to await the start of the next packet.
Otherwise at the end of the frame the module will latch the D1 frame data and continue to state
D.

D: The module remains in state D for the D2 frame of the packet. At the end of the D2 frame the
module will latch the D2 frame data and set a flag (Rfull) indicating a packet has been received.
At the end of the D1 frame the module returns to state A to await the next packet.
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E: The module enters state E in the D1 frame of a packet when it is rejecting the packet. In state E
the module asserts BSY to terminate the packet. At the end of the D1 frame the module returns
to state A to await the next packet.

F:- A module will enter state F in the From frame of a packet if it is unable to accept the packet
because its input buffer is full. In state F the module asserts ACK to indicate that it (the
destination module) is present on the bus and asserts BSY to terminate the packet. At the end of
the From frame the module returns to state A to await the next packet.

RULE 4.2.2.2.1-1:
A module receiver MUST implement states A through E of the module receive algorithm (figure 4-5).

RECOMMENDATION 4.2.2.2.1-2:
A module should implement the state transition from B to A. This transition will normally not occur,
but it provides a more robust implementation.

PERMISSION 4.2.2.2.1-3:

A module receiver may omit the state transition from B to A.

PERMISSION 4.2.2.2.1-4:
A module receiver may omit latching the TO address at the end of the TO frame.

Frame
To+MA
Reset
To&MA&RFull
1o ~ R
To&MA&RFull
BSY&EA&Rej /'\ BSY+EA
FROM \B ) \
BSY&EA&Rej
BSY
D1 E C > ) ~
BSY
o ©
\__/ ), J W,

Figure 4-5. Module Receive Algorithm
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TABLE 4-7. Module Receive Algorithm Notation

States:
A Idle or TO frame
B Got TO address, it is for me, and I can accept it
C Got FROM address, I can accept it, now get D1
D Got D1, now get D2
E It is for me but the packet is being rejected
F It is for me but I cannot accept it, asserting BSY
_—
Conditions:
BSY MSIB internal bus BSY signal
EA Packet has EA flat set (D8 in FROM)
MA Value clocked from data lines matches my address
Rej Reject packet with this FROM address
Reset MSIB internal bus RESET signal
TO TO frame - frame with BSY false following frame with BSY true
RFull State of RFull flag latched on rising edge of CLK (see observation 4.2.22.1-5)
Outputs:
Latch  Latch Latch  Latch Set
State BSY ACK TO FROM D1 D2 RFull
A - if not RFull - - - -
B - assert - enable - - -
C - - - - enable - -
D - - - - - enable  enable
E assert - - - - - -
F if nEA assert - - - -
BSY - do not assert BSY
assert assert BSY during the CLK low time of this frame
if nEA assert BSY during the CLK low time of this frame if the
EA bit of the packet is clear
ACK - do not assert ACK
assert assert ACK during the CLK low time of this frame
Latch TO - do not latch TO frame data from data lines
if not RFull  latch TO frame data from the data lines at the end of this frame
if the latched value of the RFull flag is false
Latch FROM - do not latch FROM frame data from data lines
enable latch FROM frame data from data lines at the end of this frame
Latch D1 - do not latch D1 frame data from data lines
enable latch D1 frame data from data lines at the end of this frame
Latch D2 - do not latch D2 frame data from data lines
enable latch D2 frame data from data lines at the end of this frame
Set RFull - do not set RFull flag
enable set RFull flag at the end of this frame

OBSERVATION 4.2.2.2.1-5:

Since the RFull flag can change asynchromous to the MSIB Internal bus clock it is necessary to
synchronize it by latching it on the rising edge of the clock. This latched signal is then input to the state

machine.
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4.2.2.2.2 Signals
RULE 4.2.2.2.2-1:

Any frame in which BSY is asserted that immediately follows another frame in which BSY is asserted
MUST be ignored by the module receiver.

RULE 4.2.2.2.2-2:
The module MSIB internal bus receiver MUST NOT assert BSY in the TO or D2 frame of a packet.

RULE 4.2.2.2.2-3:
The module MSIB internal bus receiver MUST NOT assert BSY in the FROM frame of a packet
unless its address matches the to address of the packet.

OBSERVATION 4.2.2.2.2-4:
Note that the conditions set forth in 4.2.1.1 apply here.

4.2.2.2.3 Timing

RULE 4.2.2.2.3-1:
The following parameters as described in figure 4-2 and table 4-3 MUST be met by a module’s MSIB
internal transmitter:

BaHd BaSu ClkkBa D8Su DHd DSu

RULE 4.2.2.2.3-2:
The times described in figure 4-2 and table 4-3 MUST be met by the module’s MSIB internal bus
receive section.

4.2.2.3 Module Reset

When a module’s MSIB internal interface detects that the MSIB internal RESET line has been
asserted it removes itself from the bus by releasing the bus data lines if it was driving them and by
releasing its RTS signal if it had it asserted. It is important that this be done quickly in order to insure
that it does not send any bad packets when the arbiter starts running, which is shortly after RESET is
asserted.

In most cases the module interface will use the RESET signal from the MSIB internal bus to reset the
module processor. If the RESET signal is not used to reset the processor then it will be used as an
input to the processor such that the module firmware is informed when the RESET signal is asserted
or released. This is required in order to meet the protocol requirements described elsewhere in this
document.

Since not all mainframes allow a module to assert the RESET signal, when a module attempts to assert
RESET it should check to make sure that attempt succeeded. To do this the module attempts to drive
the RESET signal low and immediately checks to see whether the signal actually went low. If the
signal remained at a logic high level then the mainframe is not capable of accepting a reset signal from
a module and the module must immediately cease attempting to drive it low. If the module senses that
RESET went low then it was successful in putting the system into reset.
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RULE 4.2.2.3-1:
The MSIB internal RESET line MUST reset the MSIB internal interface of a module such that the
module releases its RTS line within 150 ns after the assertion of RESET.

RULE 4.2.2.3-2:
When attempting to reset a mainframe by pulling the MSIB internal RESET signal low a module
MUST do so with a series resistance of 100 £ or a maximum sink current of 20 mA at 2.0 V.

423 Mainframe

4.2.3.1 Backplane

42.3.1.1 CLK

The MSIB internal CLK signal is generated by the mainframe. The mainframe drives the CLK signal
with a 6.2 MHz clock while packets are being sent over the bus and holds it low when the bus is idle.
The mainframe will start the clock in response to a request to send from either a module or the
mainframe translator. The mainframe will keep the clock active for the duration of the packet. If the
packet is being sent by a module then the packet is terminated by the assertion of BSY. If the packet is
being sent from the mainframe translator then the assertion of BSY will not necessarily terminate the
packet. It is therefore necessary for the mainframe translator to signal the mainframe clock generator
when a packet must continue with BSY asserted.

RULE 4.2.3.1.1-1:

The mainframe MUST activate the CLK signal in response to an RTS signal from either a module or
the mainframe translator.

RULE 4.2.3.1.1-2:
The mainframe MUST keep the CLK signal active through the frame in which BSY is asserted.

RULE 4.2.3.1.1-3:
The mainframe MUST only generate the CLK signal when a packet is in progress or when MSIB
internal RESET is asserted.

RULE 4.2.3.1.1-4:
The mainframe MUST generate the CLK signal for at least one clock cycle before the RESET signal is
released.

RULE 4.2.3.1.1-5:
When there is no packet in progress and RESET is not asserted CLK MUST be held at a logic low.
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4.2.3.1.2 BSY

RULE 4.2.3.1.2-1:
The mainframe MUST assert BSY when no packet is being transmitted.

RULE 4.2.3.1.2-2;

The mainframe MUST assert BSY in the D2 frame of a packet if it was not asserted in an earlier
frame.

RULE 4.2.3.1.2-3;
The mainframe MUST pre-charge the BSY signal during the CLK low time of any frame in which it is
not going to assert BSY.

PERMISSION 4.2.3.1.2-4:
The mainframe may elect to not pre-charge the BSY signal if it will be asserting BSY later in the cycle.

RULE 4.2.3.1.2-5:
The mainframe MUST NOT pre-charge the BSY signal when the bus is not being clocked.

42.3.1.3 ACK

RULE 4.2.3.1.3-1:
The mainframe MUST pre-charge the ACK signal during the CLK low time of each active frame.

42.3.14 RTS
RULE 4.2.3.1.4-1:

The mainframe MUST passively pull high (false) any RTS line which is not being driven because a
module has not been installed.

42.3.1.5 Timing

RULE 4.2.3.1.5-1:
The following parameters as described in figure 4-2 and table 4-3 MUST be met by a module’s MSIB
internal transmitter:

ClkCyc CIKkH CIkL ClkPc ClkSkew PcHd
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4,2.3.2 Arbiter
The function of the MSIB internal bus arbiter is to arbitrate the use of the MSIB internal bus between
various modules and the mainframe translator.

4.2.3.2.1 Arbitration

The MSIB internal arbitration algorithm is designed to give all modules equal access to the bus. It is
also designed to allow packets from the mainframe translator to be processed quickly enough that the
external bus does not become congested. The algorithm can be described as follows:

1. The bus is allocated on a packet by packet basis, regardless of the length of the packets. These
packets can also be thought of as time slots, although they actually vary in length.

2. The slots are divided 50% for the mainframe translator and 50% for the modules.
The module slots are divided equally between the modules.

4. The granting of slots to modules is done on a round-robin basis. After a module has used a slot
it is assigned the lowest priority. The next module in sequence takes on the highest priority, with
the remainder of the modules taking on successively lower priorities.

5. Any component that is not requesting a slot but would have been granted one if it was requesting
one gives up its position. The arbitration proceeds as though the module had used its slot.

RULE 4.2.3.2.1-1:

For each packet on the bus the arbiter MUST grant a time slot to only one component.

RULE 4.2.3.2.1-2:
The arbiter MUST NOT assert CTS to a module that is not asserting RTS.

RULE 4.2.3.2.1-3:
The arbiter MUST grant half the available time slots to the mainframe translator if it requests them.

RULE 4.2.3.2.1-4:

The arbiter MUST divide the time slots not used by the mainframe translator equally between those
modules requesting use of the bus..

RULE 4.2.3.2.1-5:
The arbiter MUST ignore all module RTS signals when the MSIB internal RESET signal is asserted.

42.3.2.2 Signals

OBSERVATION 4.2.3.2.2-1:
Note that the conditions set forth in 4.2.1.1 apply here.
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42.32.3 Timing

RULE 4.2.3.2.3-1:

The following parameters as described in figure 4-2 and table 4-3 MUST be met by a module’s MSIB
internal transmitter:

BaHd BaSu ClkBa CIkCtsH CIkCtsL

4.2.3.3 Translator

The purpose of the mainframe translator is to act as a transparent interface between the MSIB internal
bus and modules not on that bus. It does this by transferring packets between the MSIB internal bus
and the MSIB external bus. Packets from the MSIB internal bus that need to be sent to other
mainframes are received by the translator and transferred to the MSIB external bus interface. Packets
coming from other mainframes are transferred from the MSIB external bus interface to the MSIB
internal bus.

Since the MSIB external bus is a loop, a packet sent from a mainframe will be passed from one
mainframe to the next until it returns to the mainframe from which it was sent. That mainframe will
not forward the packet, thus breaking the loop.

A packet coming in from the MSIB external interface is transferred to the MSIB internal bus. If the
sender of the packet is not in this mainframe then the packet will be transferred back to the external
interface to be passed on to the next mainframe in the loop. The EA and NA bits of the packet will be
modified as appropriate based on the presence or absence of the destination module in this mainframe.

4.2.3.3.1 Outgoing Packets
An outgoing packet is any packet that is from a module in a mainframe to a module not in that
mainframe. If the mainframe translator detects the need to forward a packet but does not have room
to receive the packet then it must assert BSY in the D1 frame. The sender of the packet will use this as
a signal to retransmit the packet.

Note that the mainframe translator must take all packets not acknowledged in the mainframe even if it
is able to recognize that there is no module outside the mainframe who’s address matches the TO
address of the packet.

The mainframe translator takes a packet off the bus by capturing the values of all frames of the packet.
The packet is then transmitted to other mainframes in which the receiver might be contained.

Once the packet has been delivered to the receiving module or it has been determined that cannot be
delivered, the packet is returned to the sending module by way of the internal bus. When the packet is
returned to the module the EA and NA bits of the packet indicate whether or not a receiving module
for the packet was found and whether or not the receiving module was able to accept the packet.

When the packet is returned to the internal bus the sending module acknowledges recognition of its
FROM address by asserting ACK in the D1 frame. The mainframe translator may use this signal as
the indication that the packet has been returned to its sender.
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4.2.3.3.1.1 Mainframe Translator Receive Algorithm

The mainframe translator receive algorithm is described in figure 4-6. The algorithm description uses
the state machine notation defined in section 1.4.3. This description is not intended as an
implementation of the algorithm. An actual implementation would quite likely differ from the state
machine shown here. All state transitions occur on the high to low transition of CLK. A mainframe
translator receiver never drives the internal bus data lines.

On reset the mainframe translator state machine enters state A.

A:

The mainframe stays in state A until the end of the first frame of a packet (the TO frame). If at
the end of the TO frame the mainframe’s receive buffer is full the mainframe will go either to
state G or to state H where it may abort the packet. It will go to state G if the packet is being
sent by the mainframe and to state H if it is being sent by a module. If the mainframe’s input
buffer is not full it will latch the TO frame data of the packet and go to either state B or to state
E (B if module, E if mainframe).

The mainframe will stay in state B until the end of the FROM frame of the packet. If at the end
of the FROM frame either the ACK or BSY signal is set, the mainframe will quit receiving the
packet and return to state A. The ACK bit will be set if the destination module is contained in
this mainframe, in which case there is no need to send the packet over the external bus. The
BSY bit set indicates that the packet was aborted for some reason. If neither of these bits is set
the mainframe will latch the FROM frame data and continue to state C.

The mainframe will stay in state C until the end of the D1 frame of the packet. If at the end of
the FROM frame either the ACK or BSY signal is set the mainframe will quit receiving the
packet and return to state A. As in the FROM frame, BSY asserted at the end of the D1 frame
indicates that the packet has been aborted. The ACK bit set indicates that the packet is being
removed from the bus and therefore should not be passed to the external bus. If neither of these
bits is set the mainframe will latch the D1 frame data and continue to state D.

The mainframe will stay in state D until the end of the D2 frame. At the end of the D2 frame the
mainframe will latch the D2 frame data and set a flag (Rfull) indicating a packet has been
received. This packet will then be sent on to the external bus. The mainframe will then return to
state A to await the next packet.

The mainframe will enter state E in the FROM frame if the packet being sent is being sent by
the mainframe. If at the end of the FROM frame neither the BSY nor ACK signal is asserted,
the mainframe will latch the FROM frame data and go to state C. This will occur when the
receiver of the packet is not in this mainframe. If at the end of the FROM frame either the BSY
or ACK signal is asserted the mainframe will latch the FROM frame and continue to state F. If
the ACK signal is asserted the mainframe will set the EA bit of the packet, indicating that the
receiver of the packet was found. If the BSY signal is asserted the mainframe will set the NA bit
of the packet indicating that the receiver was unable to accept the packet. Note that the
mainframe will not return to state A even if the BSY signal is asserted. In this case the
mainframe will continue to clock the remainder of the packet with the BSY signal asserted for
each frame. This allows the transmit portion of the mainframe translator to pass the remainder
of the packet to the receive portion so it can be sent on to the next mainframe in the external
loop.

The mainframe remains in state F until the end of the D1 frame. At the end of the D1 frame the
mainframe checks the ACK line. If ACK is asserted at the end of the D1 frame then the sender
of the packet is in this mainframe and the packet should not continue on the external bus. In this
case the mainframe returns to state A to wait for the next packet. If ACK is clear at the end of
the D1 frame then the mainframe will latch the D1 data and go to state D. If BSY is asserted the
mainframe will set the NA bit of the packet. Again, this is an indication that the receiver was
unable to accept the packet. Note once again that the mainframe will not return to state A even
if BSY is asserted.
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G:

The mainframe enters state G in the FROM frame of a packet if the receive buffer is full and the
packet is being sent by the mainframe. If at the end of the FROM frame the BSY signal is
asserted the mainframe will return to state A to await the next packet. If the BSY signal is not
asserted at the end of the FROM frame then the mainframe will assert BSY to abort the packet
and continue to state J.

The mainframe enters state H in the FROM frame of a packet if the receive buffer is full and the
packet is being sent by a module. The mainframe will return to state A at the end of the FROM
frame if either the BSY or ACK signal is asserted. If BSY is asserted then the packet has
terminated early and there is no need for the mainframe to terminate the packet. If ACK is
asserted then the receiver of the packet is in the same mainframe and therefore would have been
ignored by the mainframe receiver anyway. If neither BSY nor ACK is asserted then the
mainframe aborts the packet by asserting BSY and continuing to state J.

The mainframe enters state J in the D1 frame when it has been determined that the packet must
be aborted. The mainframe accomplishes this by asserting BSY in this (D1) frame. At the end
of the D1 frame the mainframe returns to state A to await the next packet.

RULE 4.2.3.3.1.1-1:
A mainframe translator receiver MUST implement all states of the mainframe translator receive
algorithm (figure 4-6).
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Frame
To&RFull&Ext
TO j
To&RFull&Ext
To&RFull&Ext To&RFull&Ext
o BSY+ACK BSY+ACK B BSY&ACK
FROM \ ( \
BSY BSY&ACK BSY&ACK BSY+ACK
BSY+ACK
D1
BSY&ACK

D2

\_ . W, Y,

Figure 4-6. Mainframe Translator Receive Algorithm
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TABLE 4-8. Mainframe Translator Receive Algorithm Notation

enable set RFull flag at the end of this frame

States:
A Idle or TO frame
B FROM frame, receiver not full, packet from module
C D1 frame
D D2 frame
E FROM frame, receiver not full, packet from external
F D1 frame, external
G Receiver full, from external
H Receiver full, from module
J Aborting packet
Conditions:
ACK MSIB internal bus ACK signal
BSY MSIB internal bus BSY signal
Ext Translator transmitter is active (not in state A)
Reset MSIB internal bus RESET signal
TO TO frame - frame with BSY false following frame with BSY true
RFull State of RFull flag latched on rising edge of CLK (see observation 4.2.3.3.1.1-2)
Outputs:
Latch Latch Latch  Latch Set Set Set
State BSY TO FROM D1 D2 EA NA RFull
A - if not RFull - - - - - -
B - - enable - - - - -
C - - - enable - - - -
D - - - - enable - - enable
E - - enable - - if ACK if BSY -
F - - - enable - - if BSY -
G . - - - - - - -
H - . - - - - - .
J assert - - - - - - -
BSY - do not assert BSY
assert assert BSY during the CLK low time of this frame
Latch TO - do not latch TO frame data from data lines
if not RFull  Latch TO frame from the data lines at the end of this frame if
the latched value of the RFull flag is false
Latch FROM - do not latch FROM frame data from data lines
enable latch FROM frame data from data lines at the end of this frame
Latch D1 - do not fatch D1 frame data from data lines
enable latch D1 frame data from data lines at the end of this frame
Latch D2 - do not latch D2 frame data from data lines
enable latch D2 frame data from data lines at the end of this frame
SetEA - do not change the setting of the EA field of the packet
if ACK set the EA field of the packet true
Set NA - do not change the setting of the NA field of the packet
if BSY set the NA field of the packet true
Set RFull - do not sct RFull flag
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OBSERVATION 4.2.3.3.1.1-2:

Since the RFull flag can change asynchronous to the MSIB Internal bus clock it is necessary to
synchronize it by latching it on the rising edge of the clock. This latched signal is then input to the state
machine.

42.3.3.12 Signals

OBSERVATION 4.2.3.3.1.2-1:
Note that the conditions set forth in 4.2.1.1 apply here.

42.3.3.1.3 Timing

RULE 4.2.3.3.1.3-1:
The following parameters as described in figure 4-2 and table 4-3 MUST be met by a module’s MSIB
internal transmitter:

BaHd BaSu ClkBa D8u DHd DSu

4.2.3.3.2 Incoming Packets

Incoming packets are packets from modules outside this mainframe that have been delivered to the
mainframe translator for attempted delivery to modules in this mainframe. The mainframe translator
attempts to deliver these packets by placing them on the MSIB internal bus. When placing a packet on
the bus the mainframe translator must watch the BSY and ACK lines to determine whether a receiver
for the packet is in this mainframe and (if it is) whether or not the receiver is busy. This information is
then returned to the module that sent the packet.

Note that the assertion of BSY by the receiving module would normally terminate the packet. In this
case if the receiver is busy the remainder of the packet still needs to go over the bus. To this end the
mainframe translator communicates with the mainframe and the arbiter to insure that the clock
remains active and that no other modules are granted a time slot on the bus until this packet is
complete, in spite of the fact that BSY is asserted during the last two or three frames of the packet.

RULE 4.2.3.3.2-1:
The mainframe translator MUST transfer any incoming packet to the MSIB internal bus.

4.2.3.3.2.1 Mainframe Translator Transmit Algorithm

The mainframe transmitter algorithm is described in figure 4-7. The algorithm description is in the
form of a state machine as defined in section 14.3. This description is not intended as an
implementation of the algorithm. An actual implementation would quite likely differ from the state
machine shown here. All state transitions occur on the high to low transition of CLK. On RESET the
mainframe translator transmit section enters state A.

A: The mainframe remains in state A until it receives a CTS signal during the first frame of a
packet. While in state A it will assert RTS if it has a packet to send and CTS is not asserted.
When CTS is asserted the module will asynchronously release RTS and drive its TO frame data
onto the data lines. If the mainframe receives CTS during the first frame of a packet and it has a
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packet to send, then it continues to state B and sets a flag (Ext) indicating that the current packet
is being sent by the mainframe translator. If the mainframe receives CTS during the first frame
of a packet and it has no packet to send, then it goes to state G to abort the packet.

B: The mainframe remains in state B for the duration of the FROM frame. While in state B the
mainframe drives the data lines with FROM frame data of the packet it is sending. At the end of
the FROM frame the mainframe checks the signals BSY, ACK, and RFull (mainframe translator
receiver full). If BSY is asserted and the mainframe translator receiver is full (RFull) then the
packet has been aborted and the mainframe returns to state A. If BSY is asserted but the
translator receiver is not full then the packet will continue to completion. Since BSY was
asserted in the FROM frame and the packet is going to continue anyway, it is necessary for the
mainframe (o also assert BSY in the D1 frame so as not to indicate the start of a new packet
(since the release of BSY signals the start of a packet). The mainframe continues to state C.

If BSY was not asserted in the FROM frame but ACK was asserted, then the destination module
is in this mainframe and is able to receive the packet. The mainframe proceeds to state E. If
neither BSY nor ACK were asserted then the destination module is not in this mainframe and
the mainframe goes to state F.

C: The mainframe remains in state C for the duration of the D1 frame. While in state C the
mainframe drives the packet D1 frame data to the data lines and also asserts BSY. BSY must be
asserted in this frame since it was asserted in an earlier frame. At the end of the D1 frame the
mainframe continues to state D.

D: The mainframe remains in state D for the duration of the D2 frame. While in state D the
mainframe drives the packet D2 frame data to the data lines. At the end of the D2 frame the
mainframe returns to state A. At this time it clears the Trdy flag to indicate that the packet has
been sent.

E: The mainframe enters state E in the D1 frame when the destination module is in this mainframe
and is able to accept the packet. While in state E the mainframe drives the data lines with the
D1 frame data from the packet. If the mainframe receive buffer is full and ACK is not asserted
in the D1 frame the mainframe will return to state A. Since ACK is not asserted in D1 the
sender of the packet is not in this mainframe, and therefore the mainframe receiver must send
the packet to the next mainframe. Note that if this is the case the BSY signal will be asserted in
the D1 by the mainframe receiver.

If ACK and BSY are both asserted at the end of the D1 frame the mainframe will clear the Trdy
flag to indicate that the packet has been sent and return to state A. This happens when the
sender of the packet is in this mainframe. In this case the mainframe receiver doesn’t have to
pass the packet on so it doesn’t matter whether or not the mainframe receiver can accept the
packet. The assertion of BSY in this case terminates the packet.

The assertion of ACK without BSY is also an indication that the sender of the packet is in this
mainframe. In this case, however, the packet is not terminated in the D1 frame. The mainframe
proceeds to state D where it will send the D2 frame.

If ACK is not asserted and the mainframe receiver can accept the packet (RFull false) then the
packet progresses to completion so the mainframe receiver can pass it on to the next mainframe.
The mainframe proceeds to state D.

F: The mainframe enters state F in the D1 frame if neither BSY nor ACK are asserted in the
FROM frame, indicating that the destination module is not in this mainframe. While in state F
the mainframe drives the D1 frame packet data on the data lines. If at the end of the D1 frame
BSY is asserted but ACK is not then the packet is being aborted and the mainframe returns to
state A. This will typically occur when the mainframe receive buffer is full. If BSY and ACK are
both asserted then the sender of the packet is in this mainframe and the packet will not be sent to
the next mainframe. The mainframe clears the Trdy line to indicate the packet has been sent and
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returns to state A. If the BSY signal is asserted then the packet will proceed to completion. The
mainframe goes to state D to send the D2 frame data.

G: State G is entered when the mainframe received a CTS but has no packet to send. The
mainframe remains in state G for the duration of the FROM frame but does not drive the data
bus. If BSY is asserted at the end of the FROM frame then the mainframe returns to state A.
Otherwise the mainframe continues to state H where it will assert BSY to terminate the packet.

H: Instate H the mainframe asserts the BSY signal but does not drive the data lines. The assertion
of BSY in the D1 frame will terminate the packet.

RULE 4.2.3.3.2.1-1:
A mainframe translator transmitter MUST implement states A through F of the mainframe translator
transmit algorithm (figure 4-7).

RECOMMENDATION 4.2.3.3.2.1-2:

A mainframe translator transmitter should implement states G and H of the mainframe translator
transmitter algorithm (figure 4-7). These states will normally not be executed, but they prevent an
errant CTS from generating an invalid MSIB packet.

PERMISSION 4.2.3.3.2.1-3:

A mainframe translator transmitter may assert RTS for the duration of a packet if it has another
packet to send that can be sent immediately following the current one. In this case RTS remains
asserted when CTS becomes true in state A.

OBSERVATION 4.2.3.3.2.1-4:

There is no way for a mainframe translator transmitter to abort a transmission.
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Figure 4-7. Mainframe Translator Transmit Algorithm
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TABLE 4-9. Mainframe Translator Transmit Algorithm Notation

States:
A Idle or TO frame
B Sending FROM frame of packet
C Sending D1 frame, receiving module busy
D Sending D2 frame
E Sending D1 frame, receiving module present and not busy
F Sending D2 frame, receiving module not present
G Errant CTS from Arbiter
H Terminate packet in D1
[ Conditions:
ACK MSIB internal bus ACK signal
BSY MSIB internal bus BSY signal
CLK High to Low transition of MSIB internal bus CLK signal
CTS Clear TO Send signal from Arbiter
Reset MSIB internal bus RESET signal
TO TO frame - frame with BSY false following frame with BSY true
RFull State of RFull flag latched on rising edge of CLK
Trdy state of Trdy flag latched on rising edge of CLK (see observation 4.2.3.3.2.1-5)
Outputs:
Drive Drive Drive Drive Clear
State BSY TO FROM D1 D2 TRDy RTS
A - if CTS - - - - if ready
B - - drive - - - -
C assert - - drive - - -
D - - - - drive enable -
E - - - drive - if done -
F - - - drive - if done -
G - . - . . - -
H assert - - - - - -
BSY - do not assert BSY
assert assert BSY during the CLK low time of this frame
Drive TO - do not drive data lines with TO frame data
if CTS drive data lines with TO frame data while CTS is asserted
Drive FROM - don
drive drive data lines with FROM frame data
Drive D1 - do not drive data lines with D1 frame data
drive drive data lines with D1 frame data
Drive D2 - do not drive data lines with D2 frame data
drive drive data lines with D2 frame data
Clear Trdy - do not clear Trdy flag
enable clear Trdy flag at the end of this frame
if done clear Trdy flag at the end of this frame if BSY is asserted and
ACK is asserted
RTS - do not assert RTS
ifready  assert RTS while the Trdy flag is and and CTS is not asserted
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OBSERVATION 4.2.3.3.2.1-5:

Since the Trdy flag can change asynchronous to the MSIB Internal bus clock it is necessary to
synchronize it by latching it on the rising edge of the clock. This latched signal is then input to the state
machine.

42.3.3.2.2 Signals

OBSERVATION 4.2.3.3.2.2-1:
Note that the conditions set forth in 4.2.1.1 apply here.

42.332.3 Timing

RULE 4.2.3.3.2.3-1:

The times described in figure 4-2 and table 4-3 MUST be met by the mainframe translator’s MSIB
internal bus receive section.

4.2.3.4 Mainframe Reset

The MSIB internal bus RESET signal is used to indicate or to initiate a system reset. When this signal
is asserted it is an indication to all modules that the system is in reset. The signal may be asserted by
either the mainframe translator or by a module.

The mainframe will assert MSIB internal bus RESET either when it is powering up or down (the
power supplied to the modules is not within the specified range) or when its mainframe translator
detects a reset signal initiated from outside this mainframe( ¢.g. from another mainframe). A module
will assert RESET in order to reset the system.

RULE 4.2.3.4-1:
A mainframe MUST delay the negation of RESET until at least 100 ms after the distributed power
comes within its specified range.

RECOMMENDATION 4.2.3.4-2:
A mainframe should assert RESET as long as the distributed power is outside the specified range.

OBSERVATION 4.2.3.4-3:
A mainframe might not assert RESET if the distributed power falls outside the specified range.

OBSERVATION 4.2.3.4-4:
If the distributed power leaves then reenters its specified range RESET will be asserted as described
above.

RULE 4.2.3.4-5:
If a mainframe is not pulling the MSIB internal RESET signal low it MUST passively pull it to a logic
high level with the equivalent of SKQ * 5% to 5V + 5%.
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RULE 4.2.3.4-6:
A mainframe that does not provide for module initiated reset MUST drive the RESET line high with a
minimum of 60 mA to a minimum of 2.0 V.

4.2.3.5 Bus Characteristics

RULE 4.2.3.5-1:
All MSIB internal bus signal lines MUST have a capacitance of less than 100 pF at 1 kHz with respect
to ground.

RULE 4.2.3.5-2:
All MSIB internal bus signal lines MUST have a line impedance of between 40 and 70 Q.

RECOMMENDATION 4.2.3.5-3:
All MSIB internal bus signal lines should have an electrical length (propagation delay) of less than 4 ns.
This is the time it takes for a signal to propagate from one end of the bus to the other.

RULE 4.2.3.5-4:
All MSIB internal bus signals MUST be terminated in the mainframe by the equivalent of 1800 + 40
t027V = 0.15V.

OBSERVATION 4.2.3.5-5:
180 Q2 to 2.7 V is the equivalent of a resistive divider of 33021 TO 5V and390f1to 0 V.

43 MSIB External Bus

43.1 Overview

The MSIB external bus is a bus that transmits packets between mainframes. The MSIB external bus
interface transfers packets between the MSIB external bus and the mainframe translator. The
mainframe translator then transfers packets between the MSIB external bus interfacc and the MSIB
internal bus.

The MSIB external bus is organized as a loop with a cable connecting the "Out" connector of each
mainframe to the "In" connector of the next. Packets flow unidirectionally around this loop. There is
no limit to the number of mainframes that can be connected together.

The MSIB external bus interface takes packets that the mainframe translator has determined need to
go to other mainframes and transfers them to the next mainframe in the loop. It also takes packets
from the previous mainframe in the loop and transfers them to the mainframe translator.

The MSIB mainframe translator has a fifo on its input side that can hold at least as many packets as
there can be modules in the mainframe. This insures that each module in the mainframe can have one
packet circulating around the external bus without leading to a possible deadlock condition.

If the either the "In" or the "Out” connector does not have a cable connected to it then the mainframe
will internally route packets back to itself as though there was a cable connecting the "In" connector to
the "Out" connector. This is necessary because the mainframe translator will transfer to the MSIB
external interface all packets that it feels need to be sent to other mainframes. The MSIB external
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interface will then need to return these packets to the mainframe translator such that they can be
returned to their originating module.

RULE 4.3.1-1:
An MSIB external interface MUST have a fifo that can hold at least as many packets as there can be
modules in the mainframe in the data path from the MSIB external bus to the mainframe translator.

RULE 4.3.1-2:
An MSIB mainframe translator with no cables connected MUST function as though there was a cable
connecting it to itself.

OBSERVATION 4.3.1-3:
The system will fail if this rule is not followed and no cables are connected and a module in the
mainframe attempts to send data to a module not in this mainframe.

4.3.1.1 Frames

Packets on the MSIB external bus are organized into frames in much the same manner as they are on
the MSIB internal bus. The frames on the MSIB external bus, however, have an additional pair of
signals to uniquely identify the frames. The frames are defined as follows:

TABLE 4-10. Frame Definitions

Frame D0-7 D8 FR1 | FRO

FROM | FROM ADDRESS | EA 0 1
TO TO ADDRESS B/W 0 0
D1 DATA 1 NA 1 0
D2 DATA 2 CMD 1 1

4.3.1.2 Signals
The MSIB external signals are defined as follows:
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TABLE 4-11. External Signal Definitions

Name Description In Out Type Assertion Level
DAV Data available | Rec | Drv | Differential active low
DAC Acknowledge | Drv | Rec | Differential active low
D8D7/0 | Data Rec | Drv | Differential positive logic
FRO-1 Frame ID Rec | Drv | Differential positive logic
RESET Reset Rec | Drv | Single Ended | active low

SRDY Source ready Rec | Drv | Single Ended | active high
DRDY Dest. ready Drv | Rec | Single Ended | active high
CABLE | Cable present | Rec | Rec | Single Ended | active low

The "In" column indicates whether the signal is driven or received on the "In" connector. The *Out"
column indicates whether the signal is driven or received on the "out" connector.

4.3.1.2.1 DAYV and DAC

These signals are used together to handshake the data from the sender to the receiver. The DAV
signal is driven by the sender and indicates the presence of a frame of data on the data lines. The DAC
signal is driven by the receiver and is used to complete the handshake.

43.1.2.2 D8 Through D0
These signals carry the 9 data bits of a frame.

4.3.1.2.3 FRO and FR1

These lines indicate which frame of the packet is present on the data lines.

4.3.1.2.4 RESET, SRDY, DRDY

These signals are used to communicate the reset status between mainframes. The goal is that a reset
signal generated in one mainframe should cause all the other mainframes in the loop to go into reset.

The signals SRDY (source ready) and DRDY (destination ready) are used to signal the status of
adjacent mainframes. These are active high signals that indicate when the mainframes have power
applied and are ready to run. These lines are pulled low by the mainframe when the mainframe is not
ready, including when power is not applied.

RESET is the signal used to communicate reset information between mainframes in a system. This is
an active low signal by which a mainframe indicates to the next mainframe in a loop that a reset
condition is present. The mainframe receiving the RESET signal will conditionally pass the signal on
to the next mainframe in the loop. This continues until all mainframes in a loop have entered reset.
The reset algorithm is designed such that the mainframe originating the signal is also responsible for
removing it.
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RULE 4.3.1.2.4-1:
The SRDY and DRDY signals driven by a mainframe MUST be held low until the MSIB mainframe
translator is ready to handle MSIB communications.

RULE 4.3.1.2.4-2:
The SRDY, DRDY, and RESET signals out of a mainframe MUST be held low when there is no
power applied to the mainframe.

RULE 4.3.1.2.4-3:

The RESET, SRDY, and DRDY signals MUST be driven according to the reset algorithm described in
the section 4.3.5.

RULE 4.3.1.2.4-4:

If the DRDY signal into a mainframe is low (false) then the mainframe MUST NOT attempt to send
packet frames to the next mainframe in the loop.

RULE 4.3.1.2.4-5:

If the SRDY signal into a mainframe is low (false) then the mainframe MUST NOT receive frames
from the previous mainframe in the loop. In other words, it MUST ignore the handshake lines from
the previous mainframe.

43.1.2.5 CABLE

The CABLE signal is used to indicate that a cable is connected to either the "In" or "Out” connector.
Note that this signal is an input on both of these connectors. This signal is passively pulled high by the
mainframe. When a cable is connected it pulls this signal to ground. This is accomplished by
connecting the CABLE signal in each connector to a ground pin in that same connector.

RECOMMENDATION 4.3.1.2.5-1:
The CABLE signal of each connector should be passively pulled high such that a high level is detected
if the signal has no connections to it and a low level is detected if it is connected to ground.

4.3.1.3 Frame Transmission
Packets are transmitted from one mainframe to another one frame at a time.

RECOMMENDATION 4.3.1.3-1:
The MSIB mainframe translator MUST transmit packets in the order TO, FROM, D1, D2.

RECOMMENDATION 4.3.1.3-2:
An MSIB mainframe translator receiver should accept the TO, FROM, and D1 frames in any order.

RULE 4.3.1.3-3:
An MSIB mainframe translator receiver MUST accept the D2 frame as the last frame of a packet.
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OBSERVATION 4.3.1.3-4:

Receipt of a D2 frame is the indication that the packet is complete.

RECOMMENDATION 4.3.1.3-5:

An MSIB mainframe translator recciver should construct packets using the last transmitted value of
each frame. In other words, if a frame is omitted from a packet the receiver should use the data that
was contained in that frame the last time the frame was sent.

4.3.1.3.1 Frame Handshake

The transfer of each frame is accomplished by a handshake between the transmitter and the receiver.
This handshake insures reliable transmission of the data regardless of the length of the cable through
which the data sent. As longer cables are used the handshake mechanism slows the data transfer to
make up for the fact that the signal’s integrity is degraded. This handshake is shown in figure 4-8.

Transmitter (Out)

Data® NI 1

DAV® | \ f ‘B

DAC ® \ \

\
< tynpav ; = tyoav
v \ ; \ i v \

\ “ B v ; \ “
re—toh > ) ; y ; ) \

\ ./ Receiver {In) , v
\

Data ® )OO( , YIX
e || ;f -
DAC @ ‘T; ,[
> ~troAc - tanDAC
<~—tRpsy >re tROHd

Figure 4-8. Frame Handshake
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TABLE 4-12. Frame Handshake Time Symbols

Symbol Description
tCD Cable delay - Time for a signal to traverse the cable
tRDAC Receiver delay from DAV asserted to DAC asserted
tRDSu Receiver data setup to DAYV release

tRDHd Receiver data hold after DAV release

tRNDAC | Receiver delay from DAV released to DAC released
tTDAV Transmitter delay from DAC released to DAV asserted
tTDD Transmitter delay from DAYV asserted to Data valid
tTDHd Transmitter data hold time after DAV asserted
tTNDAV | Transmitter delay from DAC asserted to DAC released

The handshake operates as follows:

L. The sending mainframe waits for the receiving mainframe to release DAC before starting the
transfer.

2. The sending mainframe drives the data lines with the frame data and asserts DAV.

3. When the receiving mainframe detects the assertion of DAV and it has input buffer space
available it responds by asserting DAC.

4. The sending mainframe responds to the assertion of DAC by releasing DAV.

5. The receiving mainframe uses the release of DAV to latch the frame into its input buffer. It then
releases DAC.

6. When the sending mainframe detects the release of DAC it can then drive the data lines with the
data from the next frame and assert DAV.

4.3.1.3.2 Frame Handshake Timing

In order for the receiver to properly receive the data it is necessary for the data arriving to meet setup
and bold times relative to the signal edge on which the data is latched. Let’s deal first with the setup
time. The setup time for data arriving at the receiver is given by the following formula (see figure 4-8):

trpsu = (tcp + trpac + tep + tonpav + tep) - (top + tep)

The analysis of these timings falls into two categories, short cables and long cables. First let’s deal with
short cables.

4.3.1.3.2.1 Short Cables
For short cables it can be assumed that the delay contributed by the cables is zero. In this case the
setup time for data arriving at the receiver is given by the following formula:

trpsu = (trpac + trnpav) - (trpp)

In order that data be received properly it is necessary that the setup time of data arriving at the
receiver be greater than the setup time that the receiver requires. We can therefore rewrite the above
equation into an inequality that must be satisfied in order that data be transferred properly:
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trpsu(max) < tgpac(min) + trnpav(min) - trpp (max)

In order to have a system in which any transmitter will work with any receiver it is necessary to set up
rules for both the transmitter and the receiver that when followed insure that they will work together.
All variables contained in a rule must represent features of the component to which the rule applies.
For example, a rule that applies to the transmitter must only include variables that are under the
control of the transmitter. If it includes variables under control of the receiver then the transmitter
cannot be guaranteed to work with all receivers. To do this we first rearrange the inequality to place
transmitter variables on one side and receiver variables on the other side.

trpsu(max) - trpac(min) < tynpav(min) - trpp (max)

This inequality cannot be used as a rule because it contains variables from both components. To solve
this we break the inequality into two inequalities where each inequality has only variables from one
component.

trpsu(max) - trpac(min) < 0 ns < trnpav(min) - trpp (max)
These inequalities can then be used to generate the rules at the end of this section.

The data hold formula is very similar to the data setup formula:

IRpHa = RNDAC t trDAV * trDH4
which yields the inequality:

trpHa(max) < tpnpac(min) + trpav(min) + trpye(min)

and is then broken into two inequalities from which rules can be derived:

trpHa(max) - trnpac(min) < 15 ns < typay(min) + trpyy(min)

RULE 4.3.1.3.2.1-1:

The transmitter setup time trypay (min) - typp{(max) MUST be greater than 0 ns.

RULE 4.3.1.3.2.1-2:

The receiver setup time tgps,(max) - trpac(min) MUST be less than 0 ns.

RULE 4.3.1.3.2.1-3:
The transmitter hold time trpay(min) + typgq(min) MUST be greater than 15 ns.

RULE 4.3.1.3.2.1-4:

The receiver hold time tgpyg(max) - tgnpac(min) MUST be less than 15 ns.

43.1.3.2.2 Long Cables

There are three effects that cables have on the signals that we need to consider. The first affect is
delay. Signals out of a cable will be delayed from the signals going in by an amount proportional to the
length of the cable. The affect this has is to delay the data and each step of the handshake. This results
in the setup and hold times for data arriving at the receiver each being increased by twice the cable
delay time.

Signals arriving at the end of a cable may not all be delayed by the same amount. This results in a
change in the relative timing of signals arriving at the receiver from what they were at the transmitter.
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This delay and resulting timing change will be a small fraction of the cable delay time.

The fact that the relative timing of signals arriving at the receiver can change means that the time
between data and the clocking signal edge could change, thereby affecting the data setup/hold times.
The setup and hold times, however, have been increased by twice the total cable delay time. Since the
skew is a small fraction of the cable delay time the setup and hold times will remain well within the
limits.

The final factor to consider is that signals arriving at the receiver will not have the clean edges they had
when they were sent. The line receivers will turn the signals back into clean logic levels. However, in
the process there may be additional skew introduced to the signals. Since the degree to which the
signal edges are degraded is roughly proportional to the length of the cable, the additional skew will
also be roughly proportional to the length of the cable and therefore should be taken care of by the

increased setup and hold times. Therefore, the rules stated in section 4.3.1.3.2.1 will also hold for long
cables.

4.3.1.3.2.3 Pulse Width Limits

If a transmitter or receiver has very fast line drivers/receivers it is possible that the handshake will
proceed at such a rate that minimum pulse width or maximum frequency limits are exceeded. In such a
situation it is permissible for a transmitter or receiver to delay its part of the handshake to insure that
such limits are not exceeded. When evaluating a design to determine if such limits might be exceeded
it should be assumed there are no delays contributed outside the design being evaluated (e.g. when
evaluating a transmitter it should be assumed that cable and receiver delays are Zero).

PERMISSION 4.3.1.3.2.3-1:
A transmitter may extend DAV high and/or DAV low times in order to meet its pulse width and/or
frequency limits. ‘

PERMISSION 4.3.1.3.2.3-2:
A receiver may extend DAC high and/or DAC low times in order to meet its pulse width and/or
frequency limits.

RECOMMENDATION 4.3.1.3.2.3-3:

All delays should be kept as short as possible to maximize performance.

432 Transceivers

4.3.2.1 Differential Transceivers
RULE 4.3.2.1-1:

A differential transmitter MUST NOT exceed a maximum low level of .5 V and MUST exceed a
minimum high level of 2.5 V.
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RULE 4.3.2.1-2:
A 50 Q resistance MUST be put in series with each of the differential lines of a transmitter.

RULE 4.3.2.1-3:

A differential receiver MUST determine a valid output signal with a minimum of .2 V difference
between the two differential lines.

RULE 4.3.2.1-4:
A differential receiver MUST be terminated with 100 Q2 in parallel across the differential lines.

RULE 4.3.2.1-5:
The input bias current of a differential receiver MUST NOT exceed 1.5 mA at 3 V input.

OBSERVATION 4.3.2.1-6:

Transceivers compliant with EIA-422-A are suitable for use in this application.

4.3.2.2 Single Ended Transceivers

RULE 4.3.2.2-1:
A single ended transmitter MUST NOT exceed a maximum low level of .5 V and MUST exceed a
minimum high level of 2.5 V.

RULE 4.3.2.2-2:
A single ended receiver MUST accept any input greater than 1.7 V as a high signal and MUST accept
any input less than 1.3 V as a low signal.

OBSERVATION 4.3.2.2-3:

Transceivers compliant with EIA-422-A are suitable for use in this application provided the receivers
are referenced to a suitable voltage.

433 Connectors
The MSIB external signals are carried on 37 pin D-type connectors as described in appendix A,

RULE 4.3.3-1:
One end of the cable MUST interface with the MSIB out connector and the other must interface with
the MSIB in connector as specified in rule 6.2.2.2-1 of chapter 6, Mechanical Interface.
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434 Cables

RULE 4.3.4-1:
The voltage rating of the cable MUST exceed 30 V rms.

RULE 4.3.4-2:

The maximum single conductor resistance of a cable MUST NOT exceed 165 (.

RULE 4.3.4-3:

All differential signals MUST be connected by a twisted pair of wires with a characteristic impedance of
90 + 100Q.

RULE 4.3.4-4:

The CABLE pin in the connector at each end of a cable MUST be connected to a ground pin in the
same connector.

RECOMMENDATION 4.3.4-5:
Single conductors should be 26 gauge multistrand (19 x gauge) AWG tinned copper strands.

RECOMMENDATION 4.3.4-6:

An MSIB external cable should be shielded with an inner foil shield for 100% coverage with a drain
wire of bare 22 gauge multistrand (7 x 30 gauge) tinned copper, enclosed by an outer braid shield of 36
AWG tinned copper for 85% coverage.

OBSERVATION 4.3.4-7:
The maximum cable length of the recommended cable conductors is limited to about 1 kilometer due
to the maximum conductor resistance.

43.5 MSIB External Bus Reset

A mainframe’s reset algorithm can be implemented to respond solely to only mainframe originated
reset or may also include module initiated reset.

RULE 4.3.5-1:
A mainframe MUST implement either the mainframe only reset algorithm or the mainframe and
module originated reset algorithm.

RECOMMENDATION 4.3.5-2:
The mainframe and module originated reset should be implemented to provide the maximum system
capabilities.
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4.3.5.1 Mainframe Only Reset Algorithm

The reset algorithm followed by the mainframes for mainframe only reset is described in figure 4-9.
The algorithm description is in the form of a state machine as defined in section 1.4.3. This description
is not intended as an implementation of the algorithm. An actual implementation would quite likely
differ from the state machine shown here. For example, a single state in this description may be
implemented as multiple states.

Whenever power is turned off or the mainframe is not ready for operation the state machine is
initialized into state A. This results in the assertion of bRst, oRst, and mRst. bRst resets the arbiter
and MSIB mainframe translator to their initial states. It also results in the output signals SRDY and
DRDY being driven low. This keeps adjacent mainframes from attempting to communicate with this
mainframe. oRst causes the RESET output signal to be driven low. This will result in other
mainframes in the loop being held in reset. Finally, mRst sends the MSIB internal bus RESET signal
to the modules.

Once the mainframe is ready to operate the state machine transitions to state B. In doing so it releases
bRst and oRst, resulting in the output signals SRDY, DRDY, and RESET going high. This then
allows other mainframes in the system to start running. Note that at this point the output RESET
signal is released in spite of what the input RESET signal is doing. If at this point the assertion of the
input RESET signal resulted in the assertion of the output RESET signal the system would never come
out of reset.

Once in state B the state machine starts looking at the input signals SRDY, DRDY, and RESET. As
long as either SRDY or DRDY are false (low) or RESET is true (low), the state machine stays in state
B. In this state the modules are held in reset.

Once SRDY and DRDY are true and RESET is false the state machine transitions to state C. No
action is taken at this point because the transition might have resulted from a small glitch that occurred
at the right time to be sensed by the state machine. To check for this the lines are tested again at least
Tdg (150 ns) later. If any of the lines were not stable the machine returns to state B. If the lines
remained stable the state machine continues to state E. At this point mRst is negated.

State E is considered the "run” state. In this state the MSIB internal RESET line is false (high) and the
mainframe is asserting the MSIB external output signals SRDY and DRDY true and RESET false.

If the previous mainframe in the loop asserts the MSIB external RESET signal then the state machine
will transition to state F.

If external RESET remains asserted for at least Tdg (150 ns) after the transition to state F then a
transition to state L will occur. At the same time the MSIB mainframe translator and the arbiter will
be put into reset.

Tm (150 ns) after entering the L state the state machine will transition to the M state and assert MSIB
internal reset. This is the point at which the modules are put into reset.

After Tr (150 ns) the state machine will transition to state N and assert the MSIB external RESET
output signal. Note that the assertion of the RESET output signal is delayed from the RESET input
signal. This is important to insure that RESET output is asserted for less time than RESET input.
This will guarantee that a short assertion pulse in the MSIB external RESET loop will not survive
indefinitely. As the pulse travels around the loop it will continue to get shorter until it is finaily thrown
away as a glitch.

Tnb (150 ns) after entering the N state a transition to the P state will occur and the MSIB mainframe
translator and the arbiter will be released from reset. Note that it is important that all the modules
have honored the MSIB internal RESET signal by this point. If a module had not honored MSIB
internal RESET by this time it could request to transmit a packet and since the arbiter has now been
released from reset it would grant that request. The module would then at some later time honer the
RESET signal, possibly in the middle of a packet which would generate a packet containing bad data
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and/or addresses.

The state machine will remain in state P as long as the MSIB external RESET input signal is asserted.
Note that at this point the assertion of the RESET input signal is passed on to the RESET output
signal. Since this mainframe is not the mainframe that initiated the system reset it does not break the
loop.

Once the RESET input is released the state machine releases the RESET output, releascs the modules
from reset, and transitions to the run state.
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Figure 4-9. Mainframe Only Reset Algorithm
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TABLE 4-13. Mainframe Only Reset Algorithm Notation

States:
A Power up reset is asserted
B Reset released, wait for external Rdy and iRst signal
C External signals indicate ready, deglitch them
E Normal running state, resets released, wait for reset from module or external
F Either module or external reset asserted, resolve by waiting Tdg and then deciding
L Reset was from external, reset backplane and wait Tm
M Assert internal reset and wait Tr
N Assert reset out and wait Tnb
P Release backplane reset and wait for external reset in to be released

" Conditions:

Power Up  Mainframe not ready to run
Rdy SRDY and DRDY inputs true (high)
iRst MSIB external RESET input true (low)

Delays:
Tdg 150 ns - de-glitch time
Tm 150 ns - MSIB external RESET input to MSIB internal RESET

Tr 150 ns - Delay to MSIB external RESET output

Tob 150 ns - Delay to release of arbiter, MSIB external interface, SRDY & DRDY out
Outputs:
Reset Reset Reset
State Interface Out Internal
A assert assert assert
B - - assert
C - - assert
E R - .
F - . .
L assert - .
M assert - assert
N assert assert assert
P - assert assert
Reset - assert MSIB external loop SRDY and DRDY outputs
Interface  assert reset external interface and arbiter and do not assert
MSIB external loop SRDY and DRDY outputs
Reset - do not assert MSIB external loop reset output
Out assert assert MSIB external loop reset output
Reset - do not assert MSIB internal bus reset
Internal assert assert MSIB internal bus reset

4.3.52 Mainframe and Module Originated Reset Algorithm

The reset algorithm followed by the mainframes is described in figure 4-10. The algorithm description
is in the form of a state machine as defined in section 1.4.3. This description is not intended as an
implementation of the algorithm. An actual implementation would quite likely differ from the state
machine shown here. For example, a single state in this description may be implemented as multiple
states.

Whenever power is turned off or the mainframe is not ready for operation the state machine is driven
into state A. This results in the assertion of bRst, oRst, and mRst. bRst resets the arbiter and MSIB
Mainframe Translator to their initial states. It also results in the output signals SRDY and DRDY
being driven low. This keeps adjacent mainframes from attempting to communicate with this
Revision 1.0
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mainframe. oRst causes the RESET output signal to be driven low. This will result in other
mainframes in the loop being held in reset. Finally, mRst sends the MSIB internal bus RESET signal
to the modules. ’

Once the mainframe is ready to operate the state machine transitions to state B. In doing so it releases
bRst and oRst, resulting in the output signals SRDY, DRDY, and RESET going high. This then
allows other mainframes in the system to start running. Note that at this point the output RESET
signal is released in spite of what the input RESET signal is doing. If at this point the assertion of the
input RESET signal resulted in the assertion of the output RESET signal the system would never come
out of reset.

Once in state B the state machine starts looking at the input signals SRDY, DRDY, and RESET. As
long as either SRDY or DRDY are false (low) or RESET is true (low), the state machine stays in state
B. In this state the modules are held in reset.

Once SRDY and DRDY are true and RESET is false the state machine transitions to state C. No
action is taken at this point because the transition might have resulted from a small glitch that occurred
at the right time to be sensed by the state machine. To check for this the lines are tested again at least
Tdg (150 ns) later. If any of the lines were not stable the machine returns to state B. If the lines
remained stable the state machine continues to state D. At this point MF is negated. This will result in
the MSIB internal RESET signal going high (false) if no module is holding it low. If any module is
holding it low the other modules will remain in reset and the state machine will stay in state D.

Once all modules have released the MSIB internal RESET line the state machine will proceed to state
E. This is considered the "run" state. In this state the MSIB internal RESET line is false (high) and
the mainframe is asserting the MSIB external output signals SRDY and DRDY true and RESET false.

If any module asserts the MSIB internal RESET line or if the previous mainframe in the loop asserts
the MSIB external RESET signal then the state machine will transition to state F.

If the signal that caused the transition to state F is still present after the de-glitch time Tdg then a
transition to either state G or state L will occur.

If a module is asserting MSIB internal RESET then the transition will be to state G. At this time the
MSIB mainframe translator and the arbiter will be put into reset. This will also result in the
mainframe asserting its SRDY and DRDY output lines.

After Tr (150 ns) a transition to state H will occur. At this time the mainframe will assert its MSIB
external RESET output line.

After Tnb (150 ns) a transition to state J will occur and the MSIB mainframe translator and the arbiter
will be released from reset.

As long as any module continues to assert the MSIB internal RESET signal the state machine will
remain in state J. Once all modules have released RESET the state machine will transition to state K
and the MSIB external RESET output line will be released.

The state machine will remain in state K until the MSIB external RESET input line is released. Note
that at this point the fact that the MSIB external RESET input is asserted does not result in the
RESET output being asserted. In other words, the reset loop is broken at this point. The fundamental
concept is this: The mainframe that initiated the reset process must break the reset loop by ignoring its
RESET input in order that it be able to release the system from reset.

Once the RESET input is released the state machine returns to state E, the run state.

Now let’s assume a transition from state E to state F occurred because the MSIB external RESET
input was asserted. If the signal remains asserted for Tdg (150 ns) after the transition to state F then a
transition to state L will occur. At the same time the MSIB mainframe translator and the arbiter will
be put into reset.
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Tm (150 ns) after entering the L state the state machine will transition to the M state and assert MSIB
internal reset. This is the point at which the modules are put into reset.

After Tr (150 ns) the state machine will transition to state N and assert the MSIB external RESET
output signal. Note that the assertion of the RESET output signal is delayed from the RESET input
signal. This is important to insure that RESET output is asserted for less time than RESET input.
This will guarantee that a short assertion pulse in the MSIB external RESET loop will not survive
indefinitely. As the pulse travels around the loop it will continue to get shorter until it is finally thrown
away as a glitch.

Tab (150 ns) after entering the N state a transition to the P state will occur and the MSIB mainframe
translator and the arbiter will be released from reset. Note that it is important that all the modules
have honored the MSIB internal RESET signal by this point. If a module had not honored MSIB
internal RESET by this time it could request to transmit a packet and since the arbiter has now been
released from reset it would grant that request. The module would then at some later time honer the
RESET signal, possibly in the middle of a packet which would generate a packet containing bad data
and/or addresses.

The state machine will remain in state P as long as the MSIB external RESET input signal is asserted.
Note that at this point the assertion of the RESET input signal is passed on to the RESET output
signal. Since this mainframe is not the mainframe that initiated the system reset it does not break the
loop.

Once the RESET input is released the state machine releases the RESET output, releases the modules
from reset, and transitions to the run state.

RULE 4.3.5.2-1:
The MSIB external resct generator MUST follow the sequence of events shown in figure 4-10.

RULE 4.3.5.2-2:

The MSIB external reset generator MUST include delays of no less than the the delays shown in figure
4-10.
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Figure 4-10. Mainframe and Module Originated Reset Algorithm
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MODULAR SYSTEM INTERFACE BUS

TABLE 4-14. Mainframe and Module Originated Reset Algorithm Notation

States:
A Power up reset is asserted
B Reset released, wait for external Rdy and iRst signal
C External signals indicate ready, deglitch them
D External signals remained ready for TDG, wait for module asserted reset to
leased
E Normal running state, resets released, wait for reset from external
F External reset asserted, deglitch
G Reset was from module, assert backplane reset and wait TR
H Assert reset out and wait Tnb
J Release backplane reset and wait for module to release internal reset
K Internal reset released, release reset out and wait for release of reset in
L Reset was from external, reset backplane and wait Tm
M Assert internal reset and wait Tr
N Assert reset out and wait Tnb
P Release backplane reset and wait for external reset in to be released
Conditions:
Power Up  Mainframe not ready to run
Rdy SRDY and DRDY inputs true (high)
iRst MSIB external RESET input true (low)
Delays:
Tdg 150 ns - de-glitch time
Tm 150 ns - MSIB external RESET input to MSIB internal RESET
Tr 150 ns - Delay to MSIB external RESET output
Taob 150 ns - Delay to release of arbiter, MSIB external interface, SRDY & DRDY out
Outputs:
Reset Reset Reset
State Interface Out Internal
A assert assert assert
B - - assert
C - - assert
D . - -
E . . -
F - . -
G assert - -
H assert assert -
J - assert -
K - - -
L assert - -
M assert - assert
N assert assert assert
P - assert assert
Reset - assert MSIB external loop SRDY and DRDY outputs
Interface assert reset external interface and arbiter and do not assert
MSIB external loop SRDY and DRDY outputs
Reset - do not assert MSIB external loop reset output
Out assert assert MSIB external loop reset output
Reset - do not assert MSIB internal bus reset
Internal assert assert MSIB internal bus reset
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S. COMMUNICATION PROTOCOL

The MMS communication protocol defines how communication occurs over MSIB. It defines how
packet information provided by a module’s MSIB hardware interface should be processed by a
module’s protocol interface. Figure 5-1 shows the relationships between a module’s MSIB hardware
interface, protocol interface, and module processes. Several links can be processed through a module’s
MSIB interface at the same time. Communication control provided by the MSIB protocol interface
provides the mechanism for a logical module to manage these links. Data specific to a particular link
can be passed through to the appropriate module process by the MSIB protocol interface. Common
system functions such as module identification are defined by MSIB commands. Module processes can
obtain information about other modules using these MMS defined functions.

Module 1 MSIB Module 2

T T

o |

MsIB MSIB
Modde | MSIB MSIB Module
Processes | Protocol | Hardware Hard Protocol Processes

| Interface | Interface ardware rotoce

| i Interface Interface
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Specific Packet Module Module Packet Specific
Information Information Interface Interface Information  Information

Figure 5-1. MSIB Protocol Relationship to Module Functions

5.1 Protocol Revision

The communication protocol revision is maintained independent of the MMS Specification revision.
The current MMS communication Protocol Revision is 2.2.
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52 Overview

This section provides an overview of the MSIB Communication Protocol as an introduction. Some
details have been omitted in order to simplify the presentation. Refer to the descriptions in the
following sections for details needed for implementation.

521 Use of MSIB

MSIB is used for communications between modules in a Modular Measurement System. Several kinds
of messages can be sent between logical modules using MSIB. Some examples of messages sent over
MSIB are: control of another module or transferring measurement data from one module to the other.
Figure 5-1 shows the relationship of these messages, indicated as data, to the MSIB Protocol, indicated
as communication control.

MSIB Protocol controls the flow of data between processes in two logical modules. This protocol is
designed so that the mechanics of communication can be transparent to higher level processes running
in logical modules.

522 MSIB Commands Overview

MSIB Commands are used to communicate messages outside of the context of a data message. MSIB
commands are used to control links, perform common functions, and perform module dependent
functions. The MSIB hardware indicates if a packet is an MSIB command so that MSIB commands
can be easily differentiated from data messages.

523 Tagged Links Overview

Communication between logical modules occurs primarily using tagged links. One or more tagged
links may be used for communication between two logical modules. A logical module may use several
tagged links at the same time for communicating to several other modules. Tagged links are
established as a specific type, such as graphics or control. A logical module identifies a tag for each
link to associate the data stream with the link. This allows low level drivers to determine which process
to direct data.

There are always two modules that participate in a link, the initiator and the responder. As the first
step in setting up a tagged link the initiator sends an ESTABLISH TAGGED LINK MSIB command to
the responder. The module receiving one of these commands may either accept or reject the link. If
the module is willing to accept the link it responds with the ACCEPT LINK MSIB command. If it is
not it responds with the REJECT LINK MSIB command. If the link is accepted, the link initiator next
sends the tag used to identify data sent to it, using the IDENTIFY LINK INITIATOR MSIB command.
The link responder also sends a tag used to identify data sent to it, using the IDENTIFY LINK
RESPONDER MSIB command. Now the link may be used for communication between the two
modules. The SELECT LINK MSIB command is first sent to identify which link to direct the data
message. When data is for another link a SELECT LINK MSIB command is sent to change the
destination link. The initiator and the responder can independently select a destination link.

Either module may choose to break the link. This is done by sending the BREAK LINK MSIB

command. A module with an active link that receives the BREAK LINK MSIB command has no choice
but accept the break by responding with the ACCEPT BREAK LINK MSIB command.

The initiator of a link may lock a link by sending the responder a LOCK LINK MSIB command. A link
that is locked may only be broken by the initiator, The initiator unlocks the link with the UNLOCK

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



COMMUNICATION PROTOCOL Page 75

LINK MSIB command.

53 Packets

The MSIB module interface provides information to the protocol interface one packet at a time. Table
5-1 summarizes the packet information that is available to the module’s MSIB protocol interface. The
packet information will arrive to the protocol interface as a serial stream in proper order and free of
transmission errors.

TABLE 5-1. MSIB Packet Information

Packet Item Size Comments
TO ADDRESS 8 bits address of packet destination
FROM ADDRESS 8 bits address of packet origin
BYTE/WORD 1 bit indicates 8 or 16 bit data size
COMMAND 1 bit indicates to interpret as a command
DATA 8/16 bits data size indicated by BYTE/WORD

The COMMAND bit determines whether the packet is an MSIB command or a data message. MSIB
commands are used for the following purposes:

o control of the communication process,
o for module-independent common MMS functions, or
« for module dependent purposes.

The MSIB communication protocol is implemented using MSIB commands.

RULE 5.3-1:

The transmitting module MUST use the BYTE/WORD bit to indicate whether 8-bits or 16-bits of data
is contained in a packet.

RULE 5.3-2: _
The receiving module MUST interpret the received data as 8-bits or 16-bits based on the state of the
BYTE/WORD bit.

RULE 5.3-3:
A packet containing two bytes of data MUST be sent with the first byte in DATA 1, the second byte in
DATA 2, and the B/W bit false.

RULE 5.3-4:
A packet containing one byte of data MUST be sent with the data byte in DATA 1 and the B/W bit
true.
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PERMISSION 5.3-5:
A packet containing one byte of data MAY be sent with any value in DATA 1.

PERMISSION 5.3-6:

Data being sent is treated as a continuous stream of bytes and MAY be sent using any combination of
byte and word packets.

RECOMMENDATION 5.3-7:
Data should be sent two bytes to a packet whenever possible.

RULE 5.3-8:
The DATA 1 field in a packet received with the B/W bit true MUST NOT be treated as part of the
data stream.

RULE 5.3-9:
A packet received with the B/W bit false MUST be interpreted as having two data bytes with the first
byte in DATA 1 and the second byte in DATA 2.

RULE 5.3-10:

Received data MUST be treated as a continuous stream of data regardless of the combination of byte
and word packets in which it is contained.

53.1 Data Packets

OBSERVATION 5.3.1-1:

Packets sent with command bit false are data messages defined by the context of the communication.

532 Command Packets

RULE 5.3.2-1:
Packets sent with COMMAND true with data in the range O000OH through BFFFH are MSIB
commands which MUST be interpreted as an MSIB command reserved by this specification.

RULE 5.3.2-2:
The data contained in a packet received with the CMD bit true MUST be interpreted as an MSIB
command.

OBSERVATION 5.3.2-3:
Packets sent with COMMAND bit true with data in the range COOOH through FFFFH are MSIB
commands available for specific applications.
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RECOMMENDATION 5.3.2-4:

Whenever possible, data messages should be used in preference to packets sent with COMMAND true
with data in the range COO0H through FFFFH.

RULE 5.3.2-5:

For commands that are not recognized, an UNRECOGNIZED COMMAND MSIB command MUST be
sent by the receiving module to the module that sent the command. The receiving module MUST NOT
report any other error condition.

RECOMMENDATION 5.3.2-6:

The UNRECOGNIZED COMMAND MSIB command should not be used to determine if a capability is
implemented in another module.

RECOMMENDATION 5.3.2-7:

The protocol revision of a module should be determined using a SEND MODULE ID MSIB command.
If the protocol revision is greater than 2.0 the SEND CAPABILITY MSIB command should be used to
determine the exact capabilities of a module.

533 Command Responses

Some MSIB commands are queries which require a response. A logical module uses the COMMAND
RESPONSE MSIB command to communicate this response. The only exception is the SEND
STATUS and STATUS MSIB commands that work together reporting the status byte.

RULE 5.3.3-1:
MSIB command responses MUST be communicated one byte at a time using the COMMAND
RESPONSE MSIB command.

RULE 5.3.3-2:
The last byte of a COMMAND RESPONSE MSIB command MUST be terminated by the END
COMMAND RESPONSE MSIB command.

RECOMMENDATION 5.3.3-3:

Since it is not possible to distinguish between different MSIB command responses from the same
address, an MSIB command query should not be sent if a previous query has been sent and the END
COMMAND RESPONSE MSIB command for that query has not been received.

54 Illegal Communications

RULE 5.4-1:

Packets received that do not meet the requirements for legal MSIB communication MUST generate an
illegal communication error.
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RULE 5.4-2:
An MSIB command which is not recognized by the module MUST NOT be treated as an illegal
communication.

RECOMMENDATION 5.4-3:
When an illegal communication is detected, the logical module should report the condition through its
own error reporting mechanism.

RULE 5.4-4:
When an illegal communication is detected, the logical module MUST send the ILLEGAL
COMMUNICATION MSIB command to the originator of the illegal communication.

RULE 5.4-5:
When an illegal communication is detected by a logical module, it MUST go to the idle state in all links
with the originating module.

RULE 5.4-6:
When a logical module receives an ILLEGAL COMMUNICATION MSIB command, it MUST go to the
idle state in all links with the sending module unless rule 5.4-7 applies.

RULE 5.4-7:

A logical module with links in the Initiator Opening (IO) or Initiator Pending (IP) states MUST NOT
affect the state of those links in response to an ILLEGAL COMMUNICATION MSIB command. Refer
to section 5.6.2, Link States, for further information.

OBSERVATION 5.4-8:

When an illegal communication occurs between two modules, there may be a loss in the
synchronization of the two modules. Both modules go to an idle state without using the normal
methods of closing the conversations between them.

RULE 5.4-9:
When there is no link established or selected, a data packet MUST be processed as an illegal
communication.

RULE 5.4-10:
An ILLEGAL COMMUNICATION MSIB command MUST only be generated as defined by this
specification.

5.5 Link Data Streams

Links are used for communication between modules in MMS. A link consists of two data streams, one
in each direction between two modules. Multiple communications can take place independently
between modules over the MSIB interface using one link per communication. Figure 5-2 is an example
of two modules using links for communication between processes.
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Module 1 Module 2
MSIB

Process 1 Link 1 Process 4

Process 2 Link 2 Process 5

Process 3 Link 3 Process 6

Figure 5-2. MSIB Link Communication

Packets may be output for any of the links, multiplexed as determined by the sending module. Packets
are associated with the appropriate link as determined by MSIB commands. The sending module
selects the link data stream the following packets belong to. The receiving module can then route
packets to the appropriate process based on the association with a particular link data stream.

551 Selecting a Data Stream

The sending module sends MSIB commands to tell the receiving module which link the following data
belongs to. There are two methods that can be used to identify link data streams, tag or non-tagged.

OBSERVATION 5.5.1-1:

The primary criteria for choosing between different data streams is the FROM ADDRESS
accompanying every packet. When there is more than one link between two modules, additional
information is needed to select between the data streams.

RULE 5.5.1-2:
When a data stream from a particular module has been selected, the receiving module MUST
remember the selection until the next selection takes place.

OBSERVATION 5.5.1-3:

The selection of a data stream only refers to communication in one direction in a link. The other
module could have selected a data stream from another link for the data it is sending.

5.5.1.1 Tagged Links

Tags are exchanged between two modules for future identification of links. At a later time, the tag is
used to select a particular link. The selected link will receive data or be affected by a subsequent MSIB
command that refers to the link.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



Page 80 COMMUNICATION PROTOCOL

RULE 5.5.1.1-1:
The data stream set up by a tagged link MUST be selected using the SELECT LINK MSIB command.

OBSERVATION 5.5.1.1-2:
Establishing a tagged link has no effect on the selected data stream.

RULE 5.5.1.1-3:
A unique tag MUST be used to identify each link with a specific logical module.

RULE 5.5.1.1-4:

Data messages and the following link specific MSIB commands MUST only be applied to the selected
tagged link: END, SEND STATUS, STATUS, ACCEPT BREAK LINK, BREAK LINK, LINK LOCAL,
LINK REMOTE, LOCK LINK, UNLOCK LINK, TRANSMIT ON, and TRANSMIT OFF.

5.5.1.2 Non-Tagged Links

Non-tagged links provide a simple mechanism for communication with only a single pair of data
streams between a pair of modules. Keyboard, graphics, or control links may be established using the
ESTABLISH NON-TAGGED LINK MSIB command.

RULE 5.5.1.2-1:
A logical module MUST support non-tagged links if it has an MSIB interface.

OBSERVATION 5.5.1.2-2:

There is no way to separate the data streams of different non-tagged links. If multiple non-tagged links
are used, separation of the data streams is handled at a higher level in the module’s software than
would be necessary with tagged links.

OBSERVATION 5.5.1.2-3:

Non-tagged links were implemented on early modules that did not have tagged link capability. Non-
tagged links are important to maintain compatibility with the installed base of MMS modules.

5.6 Link Operation

Links provide for orderly operation of conversations between Modular Measurement System modules.
The module initiating the link is referred to as the link initiator. The module accepting a link is
referred to as the link responder.

Management of links is done using MSIB commands. The use of these commands is the same
regardless of the type of link being used.

There are several types of links. The link types specify the language to be used in the data stream
communications and the method of identifying that data stream.

Links may be set up in either tagged or non-tagged form. Tagged links provide a specific tag that is
used to separate data streams when there are multiple links between a pair of modules. Non-tagged
links are the original link form used in MMS modules.
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RULE 5.6-1:

A link MUST be set up between modules before communication using data messages and link specific
commands takes place.

RULE 5.6-2:
For modules at a protocol revision greater than or equal to 2.0, tagged links MUST be implemented for
all link types that the module supports.

OBSERVATION 5.6-3:
Modules prior to protocol revision 2.0 do not implement tagged links.

RULE 5.6-4:
If two modules both have tagged link capability, then tagged links MUST be used for all links between
the two modules.

RULE 5.6-5:
Non-tagged links MUST only be used for keyboard, graphics, or control.

5.61 Link Types

RULE 5.6.1-1:
Link types OH through BH are reserved by this specification.

OBSERVATION 5.6.1-2:
Link types CH through FH are available for module specific uses.

5.6.1.1 Control Link
A control link is used by one module to control the functions of another module. The initiator of a
control link always sends commands to the responder in the responder’s control language.

OBSERVATION 5.6.1.1-1:

The language used over control links will vary with different modules. This requires the initiating
module to know the identity of a particular module before communicating with it. This can be
determined using the SEND MODULE ID MSIB command.

'5.6.12 Data Link

A data link is used to communicate module dependent data not associated with the direct control of
the module. The meaning of the data is implied by specific module design. An example might be
measurement data that is being acquired and then sent to another module for additional processing.
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OBSERVATION 5.6.1.2-1:
There is no implication as to which direction data should flow as there is with other link types. It is
possible for a data link to define a data stream in one direction only.

OBSERVATION 5.6.1.2-2:
A data link is only allowed for tagged links. See ESTABLISH NON-TAGGED LINK and ESTABLISH
TAGGED LINK descriptions in section 5.18.

5.6.1.3 Registered Links

A registered link is a link which has been associated with a particular language for a common MMS
system function. This allows access of common MMS system functions at known link numbers. A
registered link number is assigned by the MMS Consortium for languages that are useful for general
application in the MMS system.

5.6.1.3.1 Keyboard Link
A keyboard link is a registered link used to provide manual user input in an MMS system.

5.6.1.3.2 Graphics Link

A graphics link is a registered link used to communicate the status of a module to the user in an MMS
system.

5.6.1.3.3 Storage Link

A storage link is a registered link used by a module to gain access to common storage in an MMS
system.

5.62 Link States

All link types are governed by the same pair of state diagrams, figure 5-3 for the initiator and figure 5-4
for the responder. Tables 5-2, 5-3, and 5-4 define the symbols used in these diagrams.

There are eight MSIB commands used for link management:
» ESTABLISH TAGGED LINK
o ESTABLISH NON-TAGGED LINK
o ACCEPT LINK
« IDENTIFY LINK INITIATOR
« IDENTIFY LINK RESPONDER
o REJECT LINK
« BREAK LINK
o ACCEPT BREAK LINK
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Links are available for communication when the initiator is in the Initiator Active (IA) state and the
responder is in either the Responder Active (RA) or Responder Locked (RL) state. When the
responder is in the Responder Locked state it can not close the link on its own initiation.

RULE 5.6.2-1:

If a module receives any of the MSIB commands used for link management that are not defined for the
current state of the appropriate link state diagram the module MUST respond with an ILLEGAL
COMMUNICATION MSIB command.

RULE 5.6.2-2:
A logical module MUST respond with the REJECT LINK MSIB command to any establish link
command (tagged or non-tagged) when the link type is not implemented in the module.

RULE 5.6.2-3:

A logical module MUST implement links in accordance with the initiator and responder state diagrams
shown in figure 5-3 and figure 5-4.

RULE 5.6.2-4:

If an initiator needs to set up more than one tagged link of the same type with another module, it
MUST establish the links one at a time. The initiator MUST NOT be in the 10, IT, or IP state for the
same type link.

PERMISSION 5.6.2-5:
An initiator MAY set up multiple tagged links with another module without waiting for each to be
accepted, provided the links are of different types.

AL
ILI

ponjnmaa|
(ILc & (IP|10))

Figure 5-3. Link Initiator State Diagram
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Figure 54. Link Responder State Diagram

TABLE 5-2. Link States

Muemonic Name Meaning

II Initiator idle There is no link

IO Initiator opening The initiator has sent an establish tagged link and
is waiting for an accept

IP Initiator pending The initiator has sent an establish non-tagged link
and is waiting for an accept

IT Initiator tag Initiator is waiting for link tag from responder

1A Initiator active The link is established

IC Initiator closing Initiator has sent a break link and is
waiting for an accept

RI Responder idle There is no link

RT Responder tag Responder is waiting for link tag from initiator

RA Responder active The link is established

RL Responder locked | The link is established and locked

RC Responder closing | Responder has sent a break Link and is
waiting for an accept

March 18, 1992 Printing

Modular Measurement System Specification

Revision 1.0



COMMUNICATION PROTOCOL

TABLE 5-3. State Transition Actions

Mnemonic Meaning
ET Send MSIB establish tagged link command
EN Send MSIB establish non-tagged link command
AL Send MSIB accept link command
RL Send MSIB reject link command
ILI Send MSIB identify link initiator command
ILR Send MSIB identify link responder command
ILC Send MSIB illegal communication command
BL Send MSIB break link command
AB Send MSIB accept break link command
TABLE 5-4. State Transition Conditions
Mnemonic Meaning
ET Establish tagged link MSIB command received
EN Establish non-tagged link MSIB command received
AL Accept link MSIB command received
RL Reject link MSIB command received
ILI Identify link MSIB initiator command received
ILR Identify link MSIB responder command received
BL Break link MSIB command received
AB Accept break link MSIB command received
LOCK Lock link MSIB command received
UNLC Unlock link MSIB command received
ILC Illegal communication MSIB command received
pon System reset (SYSRST*) is released
illegal An illegal MSIB communication has been detected
nmaa No module at address detected by MSIB interface device
lav Link available: This module is ready to accept this type
of link.
open-t This module wishes to establish a tagged link
open-n This module wishes to establish a non-tagged link
close This module wishes to close a link
tag This link is a tagged link
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5.6.2.1 Link Initiator Responsibilities

RULE 5.6.2.1-1:
For each active link, a link initiator MUST support the link’s functions with an individual initiator state
machine.

RULE 5.6.2.1-2:
When the link initiator enters the initiator active state (IA), all data stream buffers MUST be empty
and all parsing mechanisms MUST be in their initial state.

SUGGESTION 5.6.2.1-3:

A link initiator in the initiator active (IA) state should wait until the end of a logical message before
sending a BREAK LINK MSIB command. This will reduce the possibility of generating errors during
the process of closing the link.

RULE 5.6.2.1-4:
A link initiator MUST NOT send data messages or link specific commands to the link responder except
in the initiator active (IA) state.

RULE 5.6.2.1-5:

A link initiator MUST accept data messages and link specific commands from the link responder in the
initiator active (IA) and initiator closing (IC) states.

OBSERVATION 5.6.2.1-6:
When the link initiator is in the initiator active (IA) state and a BREAK LINK MSIB command is
received no further query responses should be expected from the link responder.

5.6.2.2 Link Responder Responsibilities

RULE 5.6.2.2-1:
For each active link, a link responder MUST support the link’s functions with an independent
responder state machine.

OBSERVATION 5.6.2.2-2:

There is no case that a logical module would respond to an ESTABLISH LINK or ESTABLISH NON-
TAGGED LINK with an ILLEGAL COMMUNICATION. The only response is ACCEPT LINK or
REJECT LINK.

OBSERVATION 5.6.2.2-3:

A module will have some limit on its ability to accept links depending upon the processing resources
available to it. When this limit is exceeded, it still must process the request as an input to another state
diagram which has only one state. This one state is the responder idle state.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



COMMUNICATION PROTOCOL Page 87

SUGGESTION 5.6.2.2-4:

For most link types, it is desirable to honor the most recent request for a link. Since a link request is
likely to be generated as the result of a user action, the module will have a good chance of satisfying the
user’s intent if it honors the most recent request. This can be handled by closing another link. The
other link is closed by generating the local message “close” to that link state machine. When that link
completes closing, the link could be granted to the most recent initiator.

RULE 5.6.2.2-5:
When the link responder enters the responder active state (RA), all data stream buffers MUST be
empty and all parsing mechanisms MUST be in their initial state.

OBSERVATION 5.6.2.2-6:
When in the responder lock (RL) state, the module is not allowed to respond to an internal “close”
message.

OBSERVATION 5.6.2.2-7:

When the link initiator is in the initiator active (IA) state, the link responder could send a BREAK
LINK MSIB command after the link initiator has sent a LOCK LINK MSIB command. This could
occur before the transition from responder active (RA) to responder locked (RL).

SUGGESTION 5.6.2.2-8:

A link responder in the responder active (RA) state should wait until the end of a logical message
before sending a BREAK LINK MSIB command. This will reduce the possibility of generating errors
during the process of closing the link.

RULE 5.6.2.2-9:
A link responder MUST NOT send data messages or link specific commands to the link initiator except
in the responder active (RA) and responder locked (RL) states.

RULE 5.6.2.2-10:
A link responder MUST accept data messages and link specific commands from the link initiator in the

responder active (RA), responder locked (RL), and responder closing (RC) states.

OBSERVATION 5.6.2.2-11:

When the link responder is in the responder active (RA) or responder locked (RL) state and a BREAK
LINK MSIB command is received no further query responses should be expected from the link
initiator.

5.7 Transmit Pacing

Transmit pacing allows a receiving module to limit the data flow from a particular tagged link when it
can not keep up with a transmitting module. When a receiving module can not receive as fast as the
transmitting module, its input buffer fills up. This will result in the receiving module holding off further
packets at its MSIB interface. When it is important to receive packets from multiple links, transmit
pacing protocol provides better control of the input data streams. There are three MSIB commands
used for transmit pacing:

+ TRANSMIT ON
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e TRANSMIT OFF
« NULL

When a receiving module needs to stop the data transfer from a particular tagged link it selects that
link and sends a TRANSMIT OFF MSIB command. This is followed by two NULL MSIB commands.
The acceptance of the second NULL MSIB command indicates the transmitting module has
acknowledged the TRANSMIT OFF MSIB command and no further data will be sent on that link.
When a TRANSMIT ON MSIB command is sent transmission will continue.

RECOMMENDATION 5.7-1:
Transmit pacing should be implemented in a logical module since it benefits both the module and
other modules communicating with it.

RULE 5.7-2:
Transmit pacing commands MUST only be used with tagged links.

RECOMMENDATION 5.7-3:

A receiving module should check to see if the transmitting module has transmit pacing, using the
SEND CAPABILITY MSIB command, before sending any transmit pacing MSIB commands.

RULE 5.7-4:
When a tagged link is established both modules MUST enable their outputs as if the TRANSMIT ON
MSIB command had been sent. ’

RECOMMENDATION 5.7-5:

If the receiving module is capable of using transmit pacing and the transmitting module has transmit
pacing capability, the receiving module should use transmit pacing. A multiple module system may
require transmit pacing to guarantee proper operation.

OBSERVATION 5.7-6:

A receiving module may send the TRANSMIT ON and TRANSMIT OFF MSIB commands to control
the transmitting module with transmit pacing capability, even though the receiving module is not
capable of accepting these commands.

OBSERVATION 5.7-7:
Both the initiator and the responder of a tagged link may use the TRANSMITON and
TRANSMIT OFF MSIB commands.

RULE 5.7-8:

The transmitting module MUST NOT accept more than one packet from the receiving module after
receiving a TRANSMIT OFF MSIB command, until it has disabled output to that link.

RULE 5.7-9:
After the transmitter receives a TRANSMIT OFF it MUST stop sending output, without requiring the
receiver to accept any additional packets.
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OBSERVATION 5.7-10:
Acceptance of the second NULL packet by the transmitting module indicates that output has been
disabled to that link.

RULE 5.7-11:
When the transmitting module receives a TRANSMIT ON MSIB command it MUST enable its outputs
for that link.

RULE 5.7-12:
The receiving module MUST consider the output enabled until the TRANSMIT OFF and two NULL
MSIB commands have been sent.

OBSERVATION 5.7-13:

A particular implementation of an MSIB hardware interface might require a receiving module to stop
accepting input from any address until the transmit off is acknowledged.

RULE 5.7-14:
After the transmitting module disables its output to a link, it MUST resume accepting packets from
that link,

OBSERVATION 5.7-15:

The second NULL MSIB command successfully sent after a TRANSMIT OFF MSIB command
indicates a transmit off acknowledgement. After this acknowledgement is received a module will not
receive more than one additional packet from the sending module. This last packet might be a packet
being transmitted during the transmit off. There may be an additional packet already accepted by the
receiving module in its input buffer as well.

RECOMMENDATION 5.7-16:
The time between receiving a TRANSMIT OFF MSIB command and disabling output should be kept
as short as possible. A long response time will degrade system performance.

RULE 5.7-17:
The TRANSMIT ON and TRANSMIT OFF MSIB Commands MUST be accepted regardless off the
effect of any previous TRANSMIT ON or TRANSMIT OFF sent or received on a link.

OBSERVATION 5.7-18:
The TRANSMIT ON and TRANSMIT OFF MSIB Commands are immune to the effects of previous
TRANSMIT ON or TRANSMIT OFF MSIB Commands. This assures that the packet flow to a link can
be controlled in any situation.

RULE 5.7-19:
More than one TRANSMITON MSIB command MUST be treated the same way as one
TRANSMIT ON MSIB Command until a TRANSMIT OFF has been received.
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RULE 5.7-20:
More than one TRANSMIT OFF MSIB command MUST be treated the same way as one
TRANSMIT OFF MSIB command until a TRANSMIT ON has been received.

5.8 Remote Control

There are several possible sources that can control a logical module’s operation. Remote control
communications are possible using an MSIB control link, IEEE 488.1, or some other control source.
Manual operation is accomplished over the keyboard and graphics links. These various sources of
control need to be taken into account in the design of a module, A module, because of its own internal
processing limitations, will have a limit to the number of remote communications it can handle
simultaneously.

RECOMMENDATION 5.8-1:

A logical module should respond in the same language over its IEEE 488.1 interface that it responds to
over its control link,

RULE 5.8-2:
A logical module MUST disable manual operation if any control source is inhibiting manual operation.
Examples are MSIB control link remote or IEEE 488.1 in remote.

RECOMMENDATION 5.8-3:
When manual control is disabled, the menu keys should be blanked if they are currently displayed.

RULE 5.8-4:

When no control source is inhibiting manual operation, the instrument MUST enable manual
operation and redisplay the menu keys if previously blanked.

RULE 5.8-5:

The RETURN TO LOCAL MSIB command MUST generate a return to local message to the IEEE
488.1 remote local state function. This command MUST NOT affect the state of MSIB link remote
states.

59 MSIB Remote/ Local Control

An automatic test program controlling instruments often will want to prevent operators from using
manual controls to interfere with the test. IEEE 488.1 provides this mechanism with the remote local
lockout state of the remote local function. A similar capability exists with a control link over the MSIB.

RULE 5.9-1:
If a module implements the MSIB link remote capability, the control link MUST be in the local state
when the link is established.
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RULE 5.9-2:
If a module implements the MSIB link remote capability, the LINK REMOTE MSIB command MUST
put the link in the remote state and disable manual control of the instrument.

RULE 5.9-3:
If a module implements the MSIB link remote capability, the LINK LOCAL MSIB command MUST
put the link in the local state.

PERMISSION 5.9-4:
If the MSIB link remote capability is not implemented, the link MAY be designed to be in either the
local or remote state when the link is established.

SUGGESTION 5.9-5:
If the MSIB link remote capability is not implemented, it is preferable for the link to be in the local
state when it is established.

OBSERVATION 5.9-6:
The MSIB link remote capability is an optional capability.

510 Status Message

A status message is associated with a link initiator or a link responder as defined by particular link
types. The status message can be sent when a condition becomes true or on request.

RULE 5.10-1:
The STATUS and SEND STATUS MSIB commands MUST only be applied to the currently selected
data stream.

RULE 5.10-2:

When the condition is true that a logical module would generate a service request, it MUST use the
STATUS MSIB command to provide its status message to its control link initiator.

510.1 Status Message for Control Links

RECOMMENDATION 5.10.1-1:

The definition of a logical module’s status message should be the same on its control link as its IEEE
488.1 interface definition.
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511 Module Addressing

A module’s address is an 8-bit value with 256 unique settings. The low order 5-bits are used to set the
column address and the upper 3-bits are used to sct the row address. Addresses are referred to as a
pair: row, column. It is useful to view the address range as shown in figure 5-5.

v /|

0 1 2 ... 27 28 29 30 31

COLUMN

Figure 5-5. Address Map

5111 Setting Module Address

RECOMMENDATION 5.11.1-1:
The column address entry should also be used for the IEEE 488.1 address in order to simplify address
entry.

RULE 5.11.1-2;
A logical module MUST provide a non-volatile means to set its 8-bit address without communicating
over either the IEEE-488.1 or MSIB.

SUGGESTION 5.11.1-3:

A convenient way to set a module’s address is by providing an 8-position dip switch, on the rear panel
of a module, to enter the row and column addresses. The most significant bit of the row address
should be the most left switch and the least significant bit of the column address should be the most
right switch.
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RULE 5.11.1-4:
Address 0, 31 MUST NOT be used as a valid address setting. Address 0, 31 is used for testing purposes
as an address that is known to have no module.

OBSERVATION 5.11.1-5:
A column address of 31, which is also the IEEE 488.1 address, is also not legal on IEEE 488.1.

5112 Soft Address

There are circumstances where it is advantageous to set the IEEE 488.1 address remotely by the use of
an MSIB command.

RULE 5.11.2-1:

A module with both an IEEE 488.1 interface and an MSIB interface MUST immediately respond to
the SET IEEE 488.1 ADDRESS MSIB command to allow the user to change the module’s IEEE 488.1
address.

SUGGESTION 5.11.2-2:
A soft address setting is most useful if a module stores its soft IEEE 488.1 address in non-volatile
memory so that the address will be remembered through a power cycle.

PERMISSION 5.11.2-3:
A module without non-volatile storage capability MAY be designed so that a soft IEEE 488.1 address
reverts to its no volatile value when power goes away.

RULE 5.11.2-4:

A module MUST have a means to override the soft set address.

SUGGESTION 5.11.2-5:

As a means to manually change the soft set IEEE 488.1 address, a module at power-on should check
the address switches against what they were the last time the soft address was set. If they are different,
then the module should use the switch value.

5113 Row Zero Address Relationships

A row value of 0 is used by instruments and modules which provide graphics links to locate each other
without a complete address search.

RECOMMENDATION 5.11.3-1:

Instrument systems should be planned with user controllable instruments located on row 0 so that
modules which provide keyboard and graphics links can provide easy access to the instruments.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



Page 94 COMMUNICATION PROTOCOL

RECOMMENDATION 5.11.3-2:
Modules which provide graphics and keyboard links should be designed to take advantage of row 0 to
provide quick location of instruments for manual control.

RECOMMENDATION 5.11.3-3:
Modules which provide graphics links should be placed on row 0 to provide system error reporting
functions.

5114 Master Slave Address Relationships at Power-On

A module’s address determines relationships between modules thereby allowing the system to
configure multiple module instruments at power-on. The master module controls the functions of its
slave modules to provide measurement functionality. The master module provides the interface to the
multiple module instrument through IEEE 488.1 and MSIB remote interfaces as well as graphics and
keyboard links. Multiple module instruments may also be slaves to other masters as a component of
another multiple module instrument.

RECOMMENDATION 5.11.4-1:
When there is a module which needs to control one or more modules via control links, the master slave
address relationship should be used to define power-on configuration.

PERMISSION 5.11.4-2;

In cases where the master slave address relationship will not serve the system configuration needs,
other module specific algorithms MAY be used to define the relationship between modules.

5.11.4.1 Power-On Slave Space Definition
The slave space of a master module is viewed as a rectangular area with cut out sections that allow for
the slave space of other masters within that space as shown in figure 5-6.
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Figure 5-6. Master Module Slave Space

o The lowest row of a master’s slave space is the row immediately above the master module.
o The highest row of a master’s slave space is the highest row of the MSIB address which is row 7.
o The lowest column of a master’s slave space is the column equal to the master’s column address.

o The highest column of a master’s slave space is the lower of: the highest column address (31) or the
column at or above the master’s column address that is less than the column address where another
module resides that has a row address equal to or less than the master.

 The slave area of other masters is excluded from a master’s slave area.

SUGGESTION 5.11.4.1-1:
A master can test for the presence of other modules by sending the NULL MSIB command. It can be
determined from the MSIB interface if a module is present when attempting to transmit a packet.

RULE5.11.4.1-2:
A master module MUST determine if a module is another master module by sending the SEND
MODULE ID MSIB command.
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5.12 Initialization

After power is applied to a mainframe, its MSIB system will become ready when all other mainframes
are powered on and are able to communicate over MSIB. When the MSIB system becomes ready,
modules then initialize and run self tests. This is followed by master modules determining their slave
modules and then setting themselves up in the power-on measurement state.

RULE 5.12-1:
A module MUST determine when the MSIB system is ready by sending the NULL MSIB command to
Address 0, 31 and waiting for the interface to respond that the transmission is complete.

RULE 5.12-2;
The module MUST blink its error light at a rate of approximately 1 Hz (50% duty cycle) when the
MSIB interface is not ready.

RULE 5.12-3:
A module’s MSIB interface MUST be initialized and ready to receive packets within 700 ms after the
MSIB system is ready.

PERMISSION 5.12-4:
A module MAY continue to initialize itself after initializing its MSIB interface, thus holding off the first
MSIB packet until it is fully initialized.

RULE 5.12-5:
A module MUST NOT send packets to any other module until one second after the MSIB system is
functional.

PERMISSION 5.12-6:
A module MAY send packets to itself or MSIB address 0, 31 at any time after it has initialized its own
interface.

RULE 5.12-7:
A module MUST NOT at any time prior to, during, or after its initialization of the MSIB appear at any
address other than its assigned address.

RECCMMENDATION 5.12-8:

A module self test should be run as a part of the power-on initialization sequence.
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513 Self Test

5131 MSIB Self Test

RULE 5.13.1-1:
A minimum MSIB self test MUST consist of the following:

+ Send the NULL MSIB command to address 0, 31. Since it is illegal for a module to reside at this
address, the MSIB interface should indicate that there is no module at this address.

+ Send one or more data or command packets on the module’s own address and verify the data. This
will verify that packets can be sent without corrupting their contents.

RULE 5.13.1-2:

If a failure on the MSIB interface is detected, the module MUST blink its error indicator at a rate of
approximately 1 Hz (50% duty cycle) until the interface is operating properly. The error light MUST
NOT blink in this manner when the MSIB interface is ready and operating properly.

5132 Module Self Test

RECOMMENDATION 5.13.2-1;
During module self test, all of the module’s front panel indicators should be illuminated.

RECOMMENDATION 5.13.2-2:

Errors determined during module self test should be reported using the module’s error handling
mechanism that is used during normal module operation.

RECOMMENDATION 5.13.2-3:
A module’s self test should complete within 10 seconds.

5.14 Busy Bus Test Mode

The busy bus test mode is used during evaluation of electromagnetic compatibility testing of modules.
This defines a method of generating constant bus activity for evaluation purposes.

SUGGESTION 5.14-1:

A module should have a method for generating a constant re-transmission of a packet over MSIB.

OBSERVATION 5.14-2:

An casy way to generate constant re-transmission of an MSIB packet is to send a packet to your own
address while not reading the transmitted packet. After sending enough packets to fill the modules
own hardware input buffer, the module will begin indicating a busy condition. This causes the
transmitter section of the MSIB interface to constantly re-transmit the packet.
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SUGGESTION 5.14-3:

A method to indicate for the module to power up in busy bus mode is to set the address to row 0,
column 31. This is an illegal address for the system. The module is not allowed to set its address to
this value, so it must power up at some other pre-defined address and begin the busy bus test.

RECOMMENDATION 5.14-4:

If a module powers up in the busy bus mode and the address is not selectable, it should power up at
row 1, column Q.

OBSERVATION 5.14-5:

Only one module at a time should be used in busy bus test mode. Using busy bus mode MAY inhibit
some system functions.

OBSERVATION 5.14-6:

A module generating a busy bus condition will not communicate with any other module. Therefore, it
is important to enter this mode prior to the initialization requirement of rule 5.12-3.

515 Error Handling

When an error occurs in a logical module, the user is informed with error indicators on the logical
module and any system error reporting modules. The user can inquire about the complete error report
by either remote control or from any system error reporting modules.

RULE 5.15-1:

All logical modules MUST provide an error indicator on their front panel.

RULE 5.15-2:
A logical module’s front panel error indicator MUST NOT be used for any other purpose other than
defined by this specification.

RULE 5.15-3:
A logical module MUST light its error indicator when an error occurs. It MUST also extinguish its
error indicator when all error conditions are cleared and all errors have been reported.

5.15.1 Module Error Indication

RULE 5.15.1-1:

When the error status of a module goes from no errors to one or more errors occurred and the module
is on row zero, it MUST send the ERROR OCCURRED MSIB command to all other row zero
modules.

RULE 5.15.1-2:
When all errors have been cleared and the errors have been reported and the module is on row zero, it
MUST send the ALL ERRORS CLEARED MSIB command to all other row zero modules.
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RULE 5.15.1-3:
A module which is the responder to a control link MUST keep the link initiator informed of its error
status.

OBSERVATION 5.15.1-4:

If a module has any errors at the time a control link is established, it is important for the link responder
to report this condition to the link intiator. Otherwise, the initiator of the control link will not be aware
of the module’s error status.

RULE 5.15.1-5:

A module which is the responder to a control link MUST use the ERROR OCCURRED MSIB
command to inform the link initiator when the error status goes from no errors to one or more errors
occurred. The module MUST also use the ALL ERRORS CLEARED MSIB command to report when
all errors have been cleared and the errors have been reported.

PERMISSION 5.15.1-6:
For backwards compatibility a module may use a device dependent method to keep its control link
initiator informed of its error status.

RULE 5.15.1-7:

A module that is not capable of directly reporting errors to the user MUST ignore an ERROR
OCCURRED MSIB command and ALL ERRORS CLEARED MSIB command from modules which
are not its slaves as they are intended for system error reporting modules.

5152 System Error Reporting

RULE 5.15.2-1:

A system error reporting module MUST provide a facility to alert the user of errors that have been
reported to it with the ERROR OCCURRED MSIB command regardless of whether or not modules
have a link with the system error reporting module.

RULE 5.15.2-2:

A system error reporting module MUST NOT extinguish its indication of an error in the system until it
receives the ALL. ERRORS CLEARED MSIB command from all modules which sent an ERROR
OCCURRED MSIB command.

RECOMMENDATION 5.15.2-3:
A system error reporting module determining an error within itself should use the same error reporting
facilities used for module error reporting.

RULE 5.15.2-4:
When requested by a user, a system error reporting module MUST use the SEND ALL ERRORS
MSIB command to acquire errors and then display those errors.
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RULE 5.15.2-5:

A logical module MUST only consider an error reported if the detailed error description has been
output with the SEND ALL ERRORS MSIB command or output from any one of its remote control
interfaces.

516 Active Indicator

The purpose of the active indicator is to provide physical identification of a logical module. An
example where the active indicator might be used, is the identifying of a particular module address on
screen to a physical module.

RULE 5.16-1:
All logical modules MUST provide an active indicator on their front panel.

RULE 5.16-2:

A logical module’s front panel active indicator MUST NOT be used for any purpose other than defined
for this specification.

RULE 5.16-3:
The active indicator MUST be illuminated as instructed by the LIGHT ACTIVE and the EXTINGUISH
ACTIVE MSIB commands.

RULE 5.16-4:

Each module MUST maintain a count of the number of LIGHT ACTIVE MSIB commands minus the
number of EXTINGUISH ACTIVE MSIB commands received. The module’s active indicator MUST
be illuminated if and only if this count is greater than zero.

RULE 5.16-5:
A logical module MUST respond to the LIGHT ACTIVE and EXTINGUISH ACTIVE MSIB commands
regardless of their source.

RULE 5.16-6:

For all modules that a logical module is controlling that are currently in use, a logical module MUST
send the LIGHT ACTIVE and EXTINGUISH ACTIVE MSIB commands to keep those module’s active
indicators in the same state as its own active indicator.

PERMISSION 5.16-7:

A logical module MAY not activate the active indicators of modules it is controlling that are not in use.

RULE 5.16-8:

A LIGHT ACTIVE or EXTINGUISH ACTIVE MSIB command MUST NOT be sent in other than the
following situations: when a keyboard link is established, a master module updating its slave module
active light status, or a module identifying another module to the user.
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OBSERVATION 5.16-9:

When an instrument is manually operated, all of the modules used to make the measurement will be
identified with their active indicators.

5.17 Module Message Indication

A module message indication may be used when an indication is needed and the normal
communication mechanisms are not available. An example of this condition is a module that is unable
to communicate a message because its MSIB interface is busy waiting for another module to respond.

PERMISSION 5.17-1:
A logical module MAY indicate a module specific message by blinking its error and active indicators
synchronously at a rate of 1 Hz (50 % duty cycle).
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5.18 MSIB Commands

An MSIB command is a 16-bit message sent over MSIB as a single packet with the command bit set to

COMMUNICATION PROTOCOL

true.
TABLE 5-5. MSIB Commands
Value Mnemonic Purpose Rev
0000H NULL No operation 1.0
0001H END Terminate message (like IEEE 488.1 END) 1.0
0002H SEND CAPABILITY Request module’s capabilities 2.0
0003H RESERVED No operation, must accept 1.0
0004H RESERVED No operation, must accept 1.0
0005H RESERVED No operation, must accept 1.0
0006H RETURN TO LOCAL Same as IEEE 488.1 rtl 1.0
0007H LOCK LINK Lock a link 1.0
0008H UNLOCK LINK Unlock a link 1.0
000SH LIGHT ACTIVE Light active annunciator 1.0
000AH EXTINGUISH ACTIVE Turn off active annunciator 1.0
000BH ERROR OCCURRED Signal an error has occurred 1.0
000CH ALL ERRORS CLEARED Signal no errors are present 1.0
000DH UNRECOGNIZED COMMAND MSIB command not recognized 1.0
000EH ILLEGAL COMMUNICATION Signal protocol violation 1.0
0010H SEND STATUS Request status message 1.0
0011H SEND ALL ERRORS Request error message strings 10
0012H SEND MODULE ID Request module ID string 1.0
0013H SEND MANUFACTURER ID Request identity of manufacturer 20
0014H SEND TIME Request time 20
0015H LINK REMOTE Place link in remote state 20
0016H LINK LOCAL Place link in local state 20
0017H SEND MODEL NUMBER Request module’s model number 21
0018H SEND SERIAL NUMBER Request module’s serial number 21
0015H SEND FIRMWARE REVISION Request module’s firmware revision 21
001AH TRANSMIT OFF Do not transmit to the selected link 22
001BH TRANSMIT ON OK to transmit to the selected link 22
O0LxxH ESTABLISH NON-TAGGED LINK | Establish non-tagged link 1.0
02xxH BREAK LINK Break tagged or non-tagged link 1.0
03xxH ACCEPT LINK Accept tagged or non-tagged link 1.0
04xxH REJECT LINK Reject tagged or non-tagged link 1.0
05xxH ACCEPT BREAK LINK Accept break tagged or non-tagged link 1.0
06xxH STATUS Return status byte or request service 1.0
07xxH SET IEEE 488.1 ADDRESS Set soft IEEE 488.1 address 1.0
08xxH COMMAND RESPONSE Respond to MSIB request 1.0
0900H END COMMAND RESPONSE Terminate MSIB response 1.0
0AXxH IDENTIFY LINK INITIATOR Identify tagged link initiator 20
0BxxH IDENTIFY LINK RESPONDER Identify tagged link responder 20
0CxxH SELECT LINK Select tagged link for subsequent data 20
0ExxH ESTABLISH TAGGED LINK Establish tagged link 20
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RECOMMENDATION 5.18-1:

Logical modules should implement the most recent revision of the Modular Measurement System
communication protocol specification.

RULE 5.18-2:
An MSIB command MUST be sent with the CMD bit true.

RULE 5.18-3:

Every command MUST be implemented as indicated by the requirement section of the description of
the command.

NULL: (0000H) -- This command means do nothing and is used for testing the MSIB. It is often used
to test for the presence of a module.

Sender: There are no restrictions.
Receiver: No action is taken.

Requirement: Required for all modules by Protocol Revision 1.0.

END: (0001H) -- This command indicates the end of data. END is also defined in the context of the
language used to communicate over a link. Al transmissions must be terminated by END MSIB
command to guarantee their execution.

Sender: Used to terminate all transmissions. It is best to terminate at the smallest syntactical
element allowed by the language used over the link.

Receiver: End of data has been reached. It is permissible for the receiver of a message to wait until
an END MSIB command is received before processing a transmission.

Requirement: Required to be recognized by Protocol Revision 1.0.
Required to guarantee execution by Protocol Revision 2.1.

SEND CAPABILITY: (0002H) -- Inquire as to a module’s capability. The capability is returned as a
string of bytes (maximum length 128 bytes) with capabilities represented by bits or groups of bits.
Capability bits will be assigned from the least to the most significant bits of a byte and from the first to
the last byte of the string. If a module receives a capability string with fewer bytes than it expects, it
should assume the bytes it did not receive are all zeros. The sending module does not support the
capabilities represented by the bits in the missing bytes. If a module receives a capability string with
more bytes than it expects, it should discard the excess bytes and only use the bytes it knows about.
The sending module supports (or has the definition for) more capabilities than the receiving module
knows about. In this case the receiving module simply ignores the excess capabilities.

The capability string is to be returned using the COMMAND RESPONSE and END COMMAND
RESPONSE commands.
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The capabilities currently defined for SEND CAPABILITY are:

Bit Definition

=}
‘3
®

Keyboard responder - module will accept keyboard link
Graphics responder - module will accept graphics link
Control responder - module will accept control link
Storage responder - module will accept storage link
Tagged links - module supports tagged links

Master - module has a slave space

Time - module responds to time query

MSIB Remote - module supports MSIB remote/local
IEEE 488.1 - module has an IEEE 488.1 interface
Responds to TRANSMIT ON and TRANSMIT OFF

[ R N e Y
—_ O NI BN = O

Sender: Send this command to determine a module’s capabilities.

Receiver: Return capability string as described above. This response must be the same every time
during operation. It may change after a system reset.

Requirement: Required for all modules by Protocol Revision 2.0.

RESERVED: (0003H, 0004H, 0005H) -- This command has no operation associated with it. It is
reserved for compatibility with modules prior to the issue of this specification.

Sender: Not for new design.
Receiver: This command must be accepted with no operation resulting.

Requirement: Required for all modules by Protocol Revision 1.0.

RETURN TO LOCAL: (0006H) -- Performs same actions as IEEE 488.1 rtl.
Sender: Sent to put a module into a local state with respect to its IEEE-488.1 interface.

Receiver: The command sends an rtl message to the IEEE 488.1 interface as per IEEE 488.1. If an
IEEE 488.1 interface is not present, then this command is ignored.

Requirement: Required for all modules by Protocol Revision 1.0.

LOCK LINK: (0007H) -- This command is used by a link initiator to prevent the responder from being
taken away by another module. Sending this command prevents the responder from breaking the link
unless there is an illegal communication detected from that address.

Sender: Link initiator sends this command to Link Responder.

Receiver: If a command comes from the initiator of a link, then put that link into the locked state,
otherwise an ILLEGAL COMMUNICATION must be reported.

Requirement: Required for all modules by Protocol Revision 1.0.
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UNLOCK LINK: (0008H) -- This command is used by a link initiator to allow the responder to break
the link if necessary.

Sender: Link initiator sends to Link Responder.

Receiver: If a command comes from the initiator of a link, then put that link into the unlocked state,
otherwise an ILLEGAL COMMUNICATION must be reported.

Requirement: Required for all modules by Protocol Revision 1.0.

LIGHT ACTIVE: (0009) -- The active annunciator on the front panel is lit by this command. A count
of LIGHT ACTIVE commands received is maintained.

Sender: The LIGHT ACTIVE MSIB command is sent to a module to identify its physical location.
A module receiving the LIGHT ACTIVE MSIB command from a link initiator will also
send the LIGHT ACTIVE MSIB command to its slave modules that are currently in use.

Receiver: Increment light active count. Light ACTIVE annunciator if it is not already on. If
command came from a link initiator, send to all active slaves.

Requirement: Required for all modules by Protocol Revision 1.0.

EXTINGUISH ACTIVE: (000AH) -- Extinguish the active annunciator on the front panel.

Sender: The EXTINGUISH ACTIVE MSIB command is sent whenever the sender no longer wants
to physically identify the module.

Receiver: Decrement light active count. If count becomes zero, turn off ACTIVE annunciator. If
command came from a link initiator, send to all active slaves.

Requirement: Required for all modules by Protocol Revision 1.0.

ERROR OCCURRED: (000BH) -- This command signifies that an error has occurred in the sending
module.

Sender: If there is a control responder link, the module sends this command to the Link initiator.
If on row zero, the module broadcasts this command to all other row-zero addresses.

Receiver: Devices capable of directly reporting errors: Update their error indicator. Control Link
Initiator: Go read error(s) from module. Others : Ignore.

Requirement: Required for all modules by Protocol Revision 1.0.

ALL ERRORS CLEARED: (000CH) -- This command signifies that the sending module does not have
any reportable errors.

Sender: If there is a control responder link, the module sends this command to the Link initiator.
If on row zero, the module broadcasts this command to all other row-zero addresses.

Receiver: Devices capable of directly reporting errors: Update their error indicator. Control Link
Initiator: Module errors cleared. Others : Ignore.

Requirement: Required for all modules by Protocol Revision 1.0.

UNRECOGNIZED COMMAND: (000DH) -- The sender did not recognize an MSIB command sent by
the receiver.

Sender: Send to the source module of a received unrecognized MSIB command. Do NOT report
an error.
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Receiver: The sender did not recognize one of the MSIB commands that was sent. If this situation is
not expected, then report an error.

Requirement: Required for all modules by Protocol Revision 1.0.

ILLEGAL COMMUNICATION: (000EH) -- This command is sent when any message is received that is
not legal at this time. The module which receives this MSIB command must reset to an idle state all
links with the module which sent the command.

Sender: Send to source module of received illegal message. An error should be reported.
Immediately reset all links with the receiver.

Receiver: Immediately reset all links with sender to an idle state.
Requirement: Required for all modules by Protocol Revision 1.0.

SEND STATUS: (0010H) -- Request module status byte; response is the STATUS MSIB command.
Sender: Requests status byte from a module for the currently selected link.

Receiver: Respond with the STATUS MSIB command. Lower byte contains status byte. This is a
part of the currently selected link.

Requirement: Required for all modules by Protocol! Revision 1.0.

SEND ALL ERRORS: (0011H) -- This is a request for an error description; response is text that can
utilize up to twenty lines on a system error reporting module. The text is ASCII characters with
carriage return and line feed to separate each line. Each line is a maximum of 50 characters. Each
character is the lower byte of an COMMAND RESPONSE packet. The END COMMAND
RESPONSE is sent as a terminator. Only an END COMMAND RESPONSE should be sent if no
errors exist. It is recommended that an error number precede text when errors exist.

Sender: Used to request error text from any module.

Receiver: Respond with error text within a series of COMMAND RESPONSE packets which is
terminated with END COMMAND RESPONSE.

Requirement: Required for all modules by Protocol Revision 1.0.

SEND MODULE ID: (0012H) -- A request for identification of a module is initiated with this
command. The response will consist of at least four items separated by commas. The maximum
number of characters is 128. The items are:

1. A model number of up to seven characters.

2. A module identification string.

3. One character encoding for a master module (M) compared to a non-master module (N).
4

Two characters which are either the IEEE 488.1 address or, if IEEE 488.1 is logically disabled,
the characters NO.

5. A protocol revision number as an ASCII string representation of a floating point number with
larger numbers meaning later revisions. Absence of this item indicates a Protocol Revision of 1.0.

All item response characters are ASCII in the range of 32 to 126 excluding comma and are sent as the
lower byte of a series of COMMAND RESPONSE MSIB commands. This sequence of characters is
terminated by the END COMMAND RESPONSE MSIB command and is used to identify modules
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during instrument configuration. Example response strings are 70900A, LO/CONTROL, M, 18 and
99999A, MYTHICAL, N, NO, 2.

Sender: Used to request module ID text from any module.

Receiver: Respond with the module ID text within a series of COMMAND RESPONSE packets
terminated with END COMMAND RESPONSE.

Requirement: Required for all modules by Protocol Revision 1.0.

SEND MANUFACTURER ID: (0013H) -- Request the identity of a module’s manufacturer. The
manufacturer ID is returned as a string of ASCII characters in the range 32 to 126 (maximum length
128 characters). The list of manufacturers’ identification strings is available on request from the MMS
consortium. The manufacturer ID string is to be returned using the COMMAND RESPONSE and
END COMMAND RESPONSE commands.

Sender: Send this command to request the identity of a module’s manufacturer.
Receiver: Return manufacturer ID as described above.

Requirement: Required for all modules by Protocol Revision 2.0.

SEND TIME: (0014H) -- This command requests the current time. The current time is sent in the
following format:

YYYYMMDDhhmmssffffff <end>

Where:
YYYY = Year
MM =  Month(1..12)
DD = Day(1..31)
hh = hour (00..23)
m m = minute (0..59)
Ss = second (0..59)
fffff = fraction of a second
<end> = END COMMAND RESPONSE

If the date is not available, then the date fields (Y Y Y Y M M D D) are all zeros. The “fraction of a
second” field is optional and may contain any number of digits. If the time is invalid or not available,
the response is <end> with no other data.

The time is to be returned using the COMMAND RESPONSE and END COMMAND RESPONSE
commands.

Sender: Send this command to determine the current date and time.
Receiver: If the current time is known, return in the format described above.

Requirement: Required by Protocol Revision 2.0 if time is supported.

LINK REMOTE: (0015H) -- The sending module is putting this link into the remote state. Once in
remote state, if a keyboard link is active, the menu key labels will be blanked and key presses will be
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ignored.
Sender: Send this command to place the receiver in remote.

Receiver: If a link is established set this link to remote, blank the menu key labels and ignore key
presses. If there is no link, an ILLEGAL COMMUNICATION must be reported.

Requirement: Required by Protocol Revision 2.0 if module supports MSIB remote/local.

LINK LOCAL: (0016H) -- The sending module is putting this link into the local state. If no other links
are in the remote state and a keyboard link is active, the menu key labels will be restored and key
presses will once again be processed.

Sender: Send this command to return the receiver to local.

Receiver:If a link is established, return this link to local. If no other links are in remote then restore
the menu key labels and resume processing key presses. If there is no link, an ILLEGAL
COMMUNICATION must be reported.

Requirement: Required by Protocol Revision 2.0 if module supports MSIB remote/local.

SEND MODEL NUMBER: (0017H) -- Request for a module’s model number. The module model
number is returned as a string of ASCII characters in the range 32 to 126 (maximum length
128 characters). The module model number is to be returned using the COMMAND RESPONSE and
END COMMAND RESPONSE commands.

Sender: Send this command to request a module’s model number.
Receiver: Return model number as described above.

Requirement: Required for all modules by Protocol Revision 2.1.

SEND SERIAL NUMBER: (0018H) -- Request for a module’s serial number. The module serial
number is returned as a string of ASCII characters in the range 32 to 126 (maximum length
128 characters). The module serial number is to be returned using the COMMAND RESPONSE and
END COMMAND RESPONSE commands.

Sender: Send this command to request a module’s serial number.
Receiver: Return serial number as described above.

Requirement: Required for all modules by Protocol Revision 2.1.

SEND FIRMWARE REVISION: (0019H) -- Request for a module’s firmware revision. The module
firmware revision is returned as a string of ASCII characters in the range 32 to 126 (maximum length
128 characters).

The module firmware revision is to be returned using the COMMAND RESPONSE and END
COMMAND RESPONSE commands.

Sender: Send this command to request a module’s firmware revision.
Receiver: Return firmware revision as described above.

Requirement: Required for all modules by Protocol Revision 2.1.

TRANSMIT OFF: (001AH) -- This command is used to disable another module from transmitting link
specific packets to the currently selected tagged link.
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Sender: A module sends this command when it needs to stop another module from sending data on
a tagged link. To determine when the other module has stopped sending packets on this
link, send two NULL MSIB commands following the TRANSMIT OFF. After the second
NULL is accepted, no further packets will be sent on this link.

Receiver: When this command is received the module must stop sending data to this tagged link until
a TRANSMIT ON MSIB command is received. Take no additional packets from this link
until it can be guaranteed that no packets will be sent on this link.

Requirement: Required by Protocol Revision 2.2 if module supports transmit pacing.

TRANSMIT ON: (001BH) -- This command is used to enable another module to transmit to the
currently selected tagged link.

Sender: A module uses this command when it needs to enable output from another module on a
tagged link.

Receiver: When this command is received the module must resume sending available data to this
tagged link.

Requirement: Required by Protocol Revision 2.2 if module supports transmit pacing.

ESTABLISH NON-TAGGED LINK: (010xH) -- The sending module wishes to establish a non-tagged
link with the receiving module. The type of link being established is defined by the lower byte of this
command. The non-tagged link types are as follows:

TABLE 5-6. Link Types for Non-Tagged Links

0 | Keyboard link
1 | Graphics link
2 | Control link

Sender: Send this command to establish a non-tagged link with another module.
Receiver: Respond with either ACCEPT LINK or REJECT LINK as appropriate.

Requirement: Required for all modules by Protocol Revision 1.0.

BREAK LINK: (020xH) -- The sending module wishes to break a link currently established with the
receiving module. The receiving module has no choice but to accept the break. The type of link is
defined by the lower byte of this command.

Sender: Send this to a module to break a link. No more data may be sent following this command.

Receiver: There is no choice but to respond with ACCEPT BREAK LINK. Any pending function
should be terminated to allow the ACCEPT BREAK LINK to occur as soon as possible.
Data may be sent before the ACCEPT BREAK LINK command, but no replies will be
received. If a BREAK LINK command has been sent to the module from which this
command is received, then this command is to be treated as the accept. If this command is
received from a module with which there is no link established then an ILLEGAL
COMMUNICATION must be reported.

Requirement: Required for all modules by Protocol Revision 1.0.
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ACCEPT LINK: (030xH) -- The sending module is willing to accept the link requested by the receiving
module. The type of link is defined by the lower byte of this command.

Sender: Send this command to accept a link. If the link being accepted is a tagged link then also
send the IDENTIFY LINK RESPONDER.

Data communication may now begin.

Receiver: The link has been accepted. If the link is a tagged link then respond with IDENTIFY LINK
INITIATOR. Data communication may now begin. If this command is received from a
module to which an ESTABLISH NON-TAGGED LINK or ESTABLISH TAGGED LINK
command has not been sent then an ILLEGAL COMMUNICATION must be reported.

Requirement: Required for all modules by Protocol Revision 1.0.

REJECT LINK: (040xH) -- The sending module is not willing to accept the link requested by the
receiving module. The type of link is defined by the lower byte of this command.

Sender: Send this command to reject a link.

Receiver: The link has been rejected. No data communication may take place. If this command is
received from a module to which an ESTABLISH NON-TAGGED LINK or ESTABLISH
TAGGED LINK command has not been sent then an ILLEGAL COMMUNICATION must
be reported.

Requirement: Required for all modules by Protocol Revision 1.0.

ACCEPT BREAK LINK: (050xH) -- The sending module is accepting the break of a link with the
receiving module. The type of link is defined by the lower byte of this command.

Sender: Send in response to BREAK LINK. No data may be sent following this command.

Receiver: The sending module has accepted the break. The link is now broken. If this command is
received from a module to which a BREAK LINK command has not been sent then an
ILLEGAL COMMUNICATION must be reported.

Requirement: Required for all modules by Protocol Revision 1.0.

STATUS: (06xxH) -- This command contains an eight bit status byte as the second data byte of the
packet. This command provides both the request for service and the status byte information.

Sender: Reports status immediately for the currently selected link.

Receiver: Status is either in response to SEND STATUS or is a request for service. This is a part of
the currently selected link.

Requirement: Required for all modules by Protocol Revision 1.0.

SET IEEE 488.1 ADDRESS: (07xxH) -- This command sets the IEEE 488.1 address of the receiving
module with an IEEE 488.1 interface. The lower byte of this command is new IEEE 488.1 address. If
the new address indicated is 31 or greater, the IEEE 488.1 address will be set to the value currently set
on the module’s address switches.

Sender: Send to a row-zero address module to change its IEEE 488.1 address. In Protocol
Revision-1.0 it can be determined if a module has an IEEE 488.1 interface by the SEND
MODULE ID MSIB command.

Receiver: Used to alter the soft settable IEEE 488.1 address.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



COMMUNICATION PROTOCOL Page 111

Requirement: Required by Protocol Revision 1.0 if module has IEEE 488.1 Interface.

COMMAND RESPONSE: (08xxH) -- The lower byte of this command is a data byte being sent in
response to another MSIB command.

Sender: Send with each byte of data of MSIB response. Terminate the message with END
COMMAND RESPONSE.

Receiver: If this command is received other than in response to a command such as SEND MODULE
ID then an ILLEGAL COMMUNICATION must be reported.

Requirement: Requiréd for all modules by Protocol Revision 1.0.

END COMMAND RESPONSE: (0900H) -- This command terminates the response to an MSIB
command.

Sender: Send this command as last byte of MSIB response message (sce COMMAND
RESPONSE).

Receiver: If this command is received other than in response to a command such as SEND MODULE
ID then an ILLEGAL COMMUNICATION must be reported.

Requirement: Required for all modules by Protocol Revision 1.0.

IDENTIFY LINK INITIATOR: (0AxxH) -- This command is used by the initiator of a tagged link to
identify the link being established. The lower byte of this command is the tag used by the responder to
identify communications being sent to the initiator. The most significant four bits of the tag are chosen
as a convenient value for the initiator. The least significant four bits are defined by the link type listed
in table 5-7.

Sender: Send this command after receiving an ACCEPT LINK command that is in response to an
ESTABLISH TAGGED LINK command.

Receiver: The tag in the lower byte of this command should be recorded and used to identify all
communications to the initiator over this link.

Requirement: Required by Protocol Revision 2.0 if tagged links are supported.

IDENTIFY LINK RESPONDER: (0BxxH) -- This command is used by the responder of a tagged link
to identify the link being established. The lower byte of this command is the tag used by the initiator to
identify communications being sent to the responder. The most significant four bits of the tag are
chosen as a convenient value for the responder. The least significant four bits are defined by the link
type as shown in table 5-7.

Sender: Send this command after sending an ACCEPT LINK command that is in response to an
ESTABLISH TAGGED LINK command.

Receiver: The tag in the lower byte of this command should be recorded and used to identify all
communications to the responder over this link.

Requirement: Required by Protocol Revision 2.0 if tagged links are supported.

SELECT LINK: (0CxxH) -- This command is sent to a module to indicate which previously identified
tagged link is being used to send all subsequent data.
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Sender: Send this command whenever data being sent to a module is related to a different tagged
link than the previous data sent to that module. The lower byte contains the tag that the
receiving module previously indicated (by use of the IDENTIFY LINK RESPONDER and
IDENTIFY LINK INITIATOR commands) should be used to identify this link.

Receiver: Subsequent data should be sent to the link indicated by the tag in the lower byte of this
command.

Requirement: Required by Protocol Revision 2.0 if tagged links are supported.

ESTABLISH TAGGED LINK: (OEOxH) -- The sending module wishes to establish a tagged link with
the receiving module. The type of link being established is defined by the lower byte of this command.
The tagged link types are as follows:

TABLE 5-7. Link Types for Tagged Links

0 | Keyboard link
1 | Graphics link
2 | Control link

3 | Storage link

4 | Data link

Sender: Send this command to establish a tagged link with another module.

Receiver: Respond with either ACCEPT LINK or REJECT LINK as appropriate. If accepting the
link also send IDENTIFY LINK RESPONDER.

Requirement: Required by Protocol Revision 2.0 if tagged links are supported.
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6. MECHANICAL INTERFACE

6.1 Module Specifications

6.1.1 Module Envelope/ Interface

RULE 6.1.1-1:
MMS modules MUST be designed according to the specifications given in figures 6-4 through 6-15.

OBSERVATION 6.1.1-2:

Figures 6-4 through 6-15 depict specifications for 1, 2, 3, and 4 slot modules. This in no way limits the
width of a module to 4 slots. Width dimensions for modules greater than 4 slots can be calculated using
the following formulas:

Module Front Width = (47.6 + (N-1) x 48.39) + 0.2
Module Rear Width = (46.4 + (N-1) X 48.39) + 0.4

where,

N = number of slots
dimensions are in mm

OBSERVATION 6.1.1-3:

Figures 6-2 and 6-3 give an overview of the principal module datums and their functions. These
datums are used throughout figures 6-4 through 6-15.

RULE 6.1.1-4:
Every MMS module MUST use only one module latch assembly (items 1-3,12), figure 6-4.

OBSERVATION 6.1.1-5:

Having more than one module latch assembly per module can result in damage to either the module
latch assembly (items 1-3,12), figure 6-4, or to the mainframe latch assembly (items 1,12,20-23), figure
6-47, during module installation or removal.

RULE 6.1.1-6:
Every MMS module MUST use a module primary rear bushing (item 10, Module Datum D),
figure 6-8.

RECOMMENDATION 6.1.1-7:
Modules which have a width greater than 2 slots should incorporate a module secondary rear bushing
(Module Datum J), figures 6-6 and 6-14.
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OBSERVATION 6.1.1-8:

The module secondary rear bushing (Module Datum J), figures 6-6 and 6-14, helps to stabilize the
module during shock and vibration. It also distributes forces to multiple mainframe guide pins (item
24, Mainframe Datum D), figure 6-31.

RULE 6.1.1-9:
Modules with multiple MSIB connectors (item 11), figure 6-25, MUST incorporate a module secondary
rear bushing (Module Datum J), figures 6-6 and 6-14,

OBSERVATION 6.1.1-10:
The module secondary rear bushing (Module Datum J), figures 6-6 and 6-14, provides positional
control for the mating of multiple MSIB connectors.

RULE 6.1.1-11:

Every MMS module MUST use only one module front alignment feature, figure 6-9. This module
front alignment feature MUST be located on the same centerline as the module front location tab
(Module Datum C), figure 6-4.

OBSERVATION 6.1.1-12:

The module front alignment feature, figure 6-9, is required to insure mating of the module front
location tab (Module Datum C), figure 6-4, and the mainframe front location tab (Mainframe Datum
C), figure 6-30. Use of more than one module front alignment feature can result in an interference fit
between the additional module front alignment feature and it’s corresponding mainframe latch
assembly, (items 1,12,20-23), figure 6-47.

RULE 6.1.1-13:

Every MMS module MUST use a module rear alignment feature, figure 6-9. This module rear
alignment feature MUST be located on the same centerline as the module primary rear bushing (item
10, Module Datum D), figure 6-8.

RECOMMENDATION 6.1.1-14:

The module rear alignment feature, figure 6-9, should be made out of plastic to avoid the potential for
metal chipping or flaking as it slides down the mainframe channel, figure 6-35.

OBSERVATION 6.1.1-15:

The module rear alignment feature, figure 6-9, is required to insure mating of the module primary rear
bushing (item 10, Module Datum D), figure 6-8, and the mainframe guide pin (item 24, Mainframe
Datum D), figure 6-31.

RECOMMENDATION 6.1.1-16:
Every MMS module should use a module rear insertion feature, figure 6-9.

OBSERVATION 6.1.1-17:

The chamfered edges of the module rear insertion feature, figure 6-9, insure the smooth insertion of a
module into a mainframe.
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RULE 6.1.1-18:

The module rear location tab (Module Datum H), figure 6-9, MUST be located on the same centerline
as the module primary rear bushing (item 10, Module Datum D), figure 6-8.

OBSERVATION 6.1.1-19:

The module primary rear bushing (item 10, Module Datum D), figure 6-8, provides the alignment
needed for the module rear location tab (Module Datum H), figure 6-9, to engage the mainframe
vibration stop (item 28), figure 6-37. This alignment will only be insured if the two module features are
located on the same centerline.

SUGGESTION 6.1.1-20:
The module latch assembly (items 1-3,12), figure 6-4, should be located on the same centerline as the
module MSIB connector (item 11), figure 6-25.

OBSERVATION 6.1.1-21:

The compression springs (item 9), figure 6-22, which provide float for the module MSIB connector
(item 11), figure 6-25, can exert a 146 newton force when fully compressed. If the module latch screw
is not in line with this force, torque will be introduced into the module.

PERMISSION 6.1.1-22:

The module front and rear access/extension areas, figure 6-8, MAY extend outside the z-axis envelope
dimensions shown in figure 6-9.

OBSERVATION 6.1.1-23:

The module front and rear access/extension areas are accessible to the user when a module is fully
engaged into a mainframe.

OBSERVATION 6.1.1-24:

A nominal 1.0 mm offset exists between Module Datum A (module front rear face) and Mainframe
Datum A (mainframe front face) when the module is fully engaged into the mainframe as shown in
figures 6-3 and 6-28.

RULE 6.1.1-25:

In a completely assembled module, the module MSIB connector (item 11), figure 6-25, MUST be
allowed to rotate to the limit of its float range with a torque applied to the module connector indexing
boss feature (module connector item 5) of 0.7 N-m or less.

6.12 Module MSIB Connector

RULE 6.1.2-1:
The module MSIB connector (item 11) MUST be designed according to the specifications given in
figure 6-25. All dimensions apply after plating.
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OBSERVATION 6.1.2-2:

Changing any dimensions relating to the module rear spring pin holes (Module Datum G), figure 6-5,
connector bar (item 7), figure 6-21, spring pin (item 8), figure 6-23, compression spring (item 9), figure
6-22, or nut (item 6) could affect the x, y, or z-axes float of the module MSIB connector (item 11),
figure 6-7. This float is required to allow for mainframe and module positional and length tolerances.
The z-axis float also helps to prevent fretting corrosion, which can result from small relative
movements between two rigidly mounted connectors.

OBSERVATION 6.1.2-3:
The shell (module connector item 1) of the module MSIB connector (item 11), figure 6-25, has a
cutout which matches a corresponding feature on the module rear, figure 6-5. This insures that the

module MSIB connector can be installed only one way, with the indexing boss feature correctly
oriented.

RULE 6.1.2-4:

A second module MSIB connector (item 11), figure 6-25, MUST be used when module power exceeds
145 watts.

OBSERVATION 6.1.2-5:

The connector pin assignments for the module MSIB connector (item 11), figure 6-25, are shown in
appendix A.1.

PERMISSION 6.1.2-6:

The module MSIB connector (item 11), figure 6-25, MAY have less than 50 socket contacts (module
connector item 2) loaded.

RULE 6.1.2-7:
The mechanical durability of the module MSIB connector (item 11), figure 6-25, MUST be a minimum
of 500 insertion/extraction cycles when measured per EIA STD RS-364-09.

RULE 6.1.2-8:
The insulation resistance of the module MSIB connector (item 11), figure 6-25, MUST be a minimum
of 5000 M(? at 500 VDC when measured per EIA STD RS-364-21A.

RULE 6.1.2-9:
The dielectric of the module MSIB connector (item 11), figure 6-25, MUST withstand 1500 VAC for 60
seconds when tested per EIA STD RS-364-20A Method A at sea level.

RULE 6.1.2-10:

The current rating of the module MSIB connector (item 11), figure 6-25, MUST be 3.0 amps per
contact.

RULE 6.1.2-11:
The current resistance of the module MSIB connector (item 11), figure 6-25, MUST be 83 mfl
maximum per mated contact at rated current and temperature range.
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RULE 6.1.2-12:

The module MSIB connector (item 11), figure 6-25, MUST be able to sustain continuous operation
within a temperature range of -55° C to +95° C without a reduction in mechanical or electrical
performance.

RULE 6.1.2-13:

The socket contacts (module connector item 2) of the module MSIB connector (item 11), figure 6-25,
MUST be designed such that the module MSIB connector will have an insertion force while being
mated to it’s mainframe MSIB connector (item 29), figure 6-53, of not less than .139 newtons and not
more than 1.39 newtons per contact, 67.6 newtons maximum for the mated connector pair.

RULE 6.1.2-14:

The socket contacts (module connector item 2) of the module MSIB connector (item 11), figure 6-25,
MUST be designed and located such that each pin contact (mainframe connector item 5) of the mating
mainframe MSIB connector (item 29), figure 6-53, is assured of electrical connection when entering
anywhere within the thru hole diameter of the module MSIB connector static discharge shield (module
connector item 6).

SUGGESTION 6.1.2-15:
Identification of socket contact positions (i.e. 1, 11, 22, 29, 40 and 50 as shown in figure 6-25) on the
module MSIB connector can be helpful.

RECOMMENDATION 6.1.2-16:

Electrical continuity between the module MSIB connector static discharge shield (module connector
item 6), figure 6-25, and the module MSIB connector shell (module connector item 1), figure 6-25,
should be 10 Q maximum.

OBSERVATION 6.1.2-17:

The static discharge shield (module connector item 6) of the module MSIB connector (item 11), figure
6-25, is part of the electrostatic discharge system of the connector which protects against possible
damage caused by static discharge.

RULE 6.1.2-18:

The indexing boss feature (module connector item 5) of the module MSIB connector (item 11), figure
6-25, MUST be aligned as shown in figure 6-25 and held in position to within + 2° with Module
Connector Datum Y as reference.

RECOMMENDATION 6.1.2-19:

The material specifications for module connector items 1 through 6 should be as follows:
1. Shell: Zinc alloy; chromate conversion coat per MIL-C-5541.

2. Socket Contact: Beryllium copper per ASTM B196 alloy UNS No. C17300, temper TH04; gold
plate .00076mm min. over .0013mm min. nickel plate; test per EIA STD RS-364-53.

3. Socket Body: 30% glass reinforced PET, PETRA 130 FR or RYTON R4 (P.P.S. per MIL-P-
46174, Class 40).

4. Securing Cap: Aluminum alloy 6061-T6 per QQ-A-225/9; chromate conversion per MIL-C-
5541.
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5. Indexing Boss: Aluminum alloy 7075-T6 per QQ-A-225/9; electroless nickel plate per MIL-C-
26074 Class I (0.0013-0.0025mm thk) over copper per MIL-C-15540.

6. Static Discharge Shield: CRES type 302 per QQ-S-766; passivate per QQ-P-35.

RULE 6.1.2-20:

The module MSIB connector (item 11), figure 6-25, MUST be able to withstand a torque applied to its
indexing boss feature (module connector item 5) of 0.7 N-m. The module MSIB connector MUST
NOT exhibit any reduction in its electrical or mechanical specifications after this torque has been
applied.

6.13 Module Safety Grounding

RULE 6.1.3-1: :

Each module MUST contain a low impedance, 20 m{l maximum safety ground. The safety ground
MUST work by contacting the mainframe guide pin (item 24, Mainframe Datum D), figure 6-31, as
shown in figure 6-7. Each module MUST be designed so that this safety ground satisfies the
requirements set forth in CSA Standard C-22.2, Number 0.4, Bonding and Grounding of Electrical
Equipment, Paragraph 4.1.2.

OBSERVATION 6.1.3-2:

The module’s safety ground connection to the mainframe at the mainframe guide pin (item 24,
Mainframe Datum D), figure 6-31, serves two functions: a) it provides a path to the mainframe safety
ground for fault currents, and b) it helps hold AC signal ground references to a common-potential.

OBSERVATION 6.1.3-3:
The grounding spring (item 4), figure 6-20, shown in figure 6-7, is an example of a safety ground that
has been used successfully.

OBSERVATION 6.1.3-4:

This is the only safety ground that is required between the module and the mainframe. Several types of
shielding ground springs may be present on some mainframes. These springs are not required to be
present on all mainframes and are not required to be designed as safety grounds.

OBSERVATION 6.1.3-5:

Neither Module Datum B/Mainframe Datum B alignment features, figures 6-4 and 6-29, nor the
module/mainframe latch assemblies, figures 6-4 and 6-47, are reliable safety grounds. The electrical
resistance of these interfaces depends on the torque applied to the latch screw (contact pressure).

6.14 Module EMC Grounding

RECOMMENDATION 6.1.4-1:

All module zones called out with Note 6.1.4-1 in figures 6-8 through 6-15 should not exceed 2 0
impedance. The material in these zones should be galvanically compatible with electroplated tin and
should not contain holes, silkscreening, or protrusions.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



MECHANICAL INTERFACE Page 119

OBSERVATION 6.1.4-2:

The module zones called out with Note 6.1.4-1 in figures 6-8 through 6-15 come in contact with
shiclding ground springs in some mainframes. These shielding ground springs improve the EMC
performance of the system and are not intended as safety grounds. A mainframe is not required to
have shielding ground springs that insure a ground path through these zones.

RULE 6.1.4-3:

All module zones called out with Note 6.1.4-3 in figures 6-9, 6-11, 6-13, and 6-15 MUST NOT have any
holes larger than 10 mm in diameter on top of the module or 6 mm in diameter on the sides of the
module. These zones MUST NOT contain silkscreening, labels, or protrusions.

OBSERVATION 6.1.4-4:

The module zones called out with Note 6.1.4-3 in figures 6-9, 6-11, 6-13, and 6-15 come in contact with
shielding ground springs in some mainframes. To guarantee that repeated module removal and
replacement will not damage any mainframe shielding springs, these zones should be free of any
features.

OBSERVATION 6.1.4-5:
The most effective EMC grounding path between a module and a mainframe is typically through the
mainframe bottom rear ground spring (item 26), figures 6-40 and 6-51.

6.1.5 Module Mass

RULE 6.1.5-1:

The module mass MUST be included in module specification and data sheets.

SUGGESTION 6.1.5-2:

When practical, module designs should place the center of mass toward the front of the module (z axis)
and toward the bottom of the module (y axis), figure 6-3.

OBSERVATION 6.1.5-3:

The structural support of the module in the mainframe is provided by two mechanical interfaces.
These are the module front "V" feature (Module Datum B), figure 6-4, and the module primary rear
bushing (item 10, Module Datum D), figure 6-8, on the rear of the module. In a well designed
mainframe, the weakest link is expected to be the mainframe guide pin (item 24, Mainframe Datum
D), figure 6-31. By placing the module center of mass toward the front of the module, stress in the
mainframe guide pin(s) will be reduced.

OBSERVATION 6.1.5-4:

The maximum single module mass that can be supported in an MMS system is a function of the
module mass distribution, environmental requirements, and the individual module and mainframe
mechanical designs.
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RECOMMENDATION 6.1.5-5:
Modules which have a mass greater than 5 kilograms should incorporate a module secondary rear
bushing (Module Datum J), figures 6-6 and 6-14.

OBSERVATION 6.1.5-6:

The module secondary rear bushing (Module Datum J), figures 6-6 and 6-14, helps to stabilize the
module during shock and vibration. It also helps to lower stress by distributing force to multiple
mainframe guide pins (item 24, Mainframe Datum D), figure 6-31.

6.1.6 Module Microphonic Vibration

RECOMMENDATION 6.1.6-1:
If an MMS module produces microphonic vibration, then the operating mode under which it is
produced should be specified by the MMS module manufacturer.

RECOMMENDATION 6.1.6-2:
If an MMS module is sensitive to microphonic vibration, then this should be specified by the MMS
module manufacturer.

SUGGESTION 6.1.6-3:

Modules should incorporate damping and isolation for vibration sensitive components and also for any
devices (e.g. disk drives) which generate vibration. A large margin between the vibration sensitivity of
a module and the .010 g mainframe microphonic vibration limit (rule 6.2.4-1) is desirable.

6.1.7 Module Environmental

OBSERVATION 6.1.7-1:
It is the responsibility of the MMS system integrator to select modules and mainframes that will meet
the environmental requirements of the specific application.

6.1.8 Module Industrial Design

SUGGESTION 6.1.8-1:
MMS modules should be designed according to the specifications given in figures 6-56 through 6-66
and 6-68 through 6-77 for module front and module rear component placement.

OBSERVATION 6.1.8-2:
Designing to the specifications given in figures 6-56 through 6-66 and 6-68 through 6-77 insures
consistent MMS system appearance and human interface, and standard intermodular cabling.
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RULE 6.1.8-3:

If a front panel or rear panel is used as the module front or module rear as shown in figures 6-56 and
6-68 through 6-69, then the panels MUST be contained within the module envelope specifications given
in figures 6-8 through 6-15. ‘

SUGGESTION 6.1.8-4:

If a front panel is used for the module front, then figure 6-56 shows the panel size and positional
tolerance that should be used to insure consistent MMS module appearance.

OBSERVATION 6.1.8-5:
Figures 6-56 and 6-68 depict specifications for 1, 2, 3, and 4 slot modules. Width dimensions for
modules greater than 4 slots can be calculated using the following formulas:

Front Panel Width = (47.6 + (N-1) x 48.39) + 0.08
Rear Panel Width = (41.5 + (N-1) x 48.39) + 0.02

where,

N = number of slots
dimensions are in mm

RULE 6.1.8-6:
Module front indicator color MUST be selected based on the indicator application as shown in figure
6-67.

RULE 6.1.8-7:
MMS modules MUST use the module system address graphics shown in figure 6-78.

62 Mainframe Specifications

62.1 Mainframe Envelope/ Interface

RULE 6.2.1-1;
MMS mainframes MUST be designed according to the specifications given in figures 6-29 through
figure 6-41.

OBSERVATION 6.2.1-2:

Figures 6-27 and 6-28 give an overview of the principal mainframe datums and their functions. These
datums are used throughout figures 6-29 through 6-41.

RULE 6.2.1-3:
Every MMS mainframe slot MUST have one mainframe latch assembly (items 1,12,20-23), figure 6-47.
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RULE 6.2.1-4:
Every MMS mainframe slot MUST have one mainframe guide pin (item 24, Mainframe Datum D),
figure 6-31.

RULE 6.2.1-5:

Every MMS mainframe slot MUST have a mainframe channel as shown in figure 6-35. This channel
MUST be on the same centerline as the mainframe guide pin (item 24, Mainframe Datum D),

figure 6-31.

RULE 6.2.1-6:

MMS mainframes MUST be designed to allow complete access to the module front and rear
access/extension areas, figure 6-8, when a module is fully engaged into a mainframe. Figure 6-41
shows the location of the module rear user access/extension area in relation to a mainframe guide pin,
(item 24, Mainframe Datum D), figure 6-31, when a module is fully engaged into a mainframe.

PERMISSION 6.2.1-7:

Any part of the module front outside of the module front access/extension area, figure 6-8, MAY be
covered (e.g. behind a door) or be otherwise inaccessible after being fully engaged into a mainframe.

OBSERVATION 6.2.1-8:

The mainframe channel shown in figure 6-35 acts as the guiding feature for the module rear alignment
feature, figure 6-9. Together, these two features insure proper mating of the mainframe guide pin
(item 24, Mainframe Datum D), figure 6-31, and the module primary rear bushing (item 10, Module
Datum D), figure 6-8.

RECOMMENDATION 6.2.1-9:
Every MMS mainframe slot should use a vibration stop (item 28), figure 6-52, as shown in figure 6-37.

OBSERVATION 6.2.1-10:

In a high vibration environment, the vibration stop (item 28), figure 6-52, limits movement of the top of
the module in the x-axis.

OBSERVATION 6.2.1-11:

A nominal 1.0 mm offset exists between Module Datum A (module front rear face) and Mainframe
Datum A (mainframe front face) when the module is fully engaged into the mainframe as shown in
figures 6-3 and 6-28.
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622 Mainframe MSIB Connector

6.2.2.1 Internal

RULE 6.2.2.1-1:
The mainframe MSIB connector (item 29) MUST be designed according to the specifications given in
figure 6-53. All dimensions apply after plating.

RULE 6.2.2.1-2:
Every MMS mainframe slot MUST have one mainframe MSIB connector (item 29), figure 6-53.

RULE 6.2.2.1-3:

The indexing boss feature (mainframe connector item 3) of the mainframe MSIB connector (item 29),
figure 6-53, MUST be oriented in the mainframe as shown in figure 6-36.

OBSERVATION 6.2.2.1-4:

The indexing boss feature (mainframe connector item 3) of the mainframe MSIB connector (item 29),
figure 6-53, polarizes the mainframe /module MSIB connector pair.

OBSERVATION 6.2.2.1-5:
The connector pin assignments for the mainframe MSIB connector (item 29), figure 6-53, are shown in
appendix A.1.

RULE 6.2.2.1-6:
The mechanical durability of the mainframe MSIB connector (item 29), figure 6-53, MUST be a
minimum of 500 insertion/extraction cycles when measured per EIA STD RS-364-09.

RULE 6.2.2.1-7:
The insulation resistance of the mainframe MSIB connector (item 29), figure 6-53, MUST be a
minimum of 5000 MQ at 500 VDC when measured per EIA STD RS-364-21A.

RULE 6.2.2.1-8:
The dielectric of the mainframe MSIB connector (item 29), figure 6-53, MUST withstand 1500 VAC
for 60 seconds when tested per EIA STD RS-364-20A Method A at sea level.

RULE 6.2.2.1-9:
The current rating of the mainframe MSIB connector (item 29), figure 6-53, MUST be 3.0 amps per
contact.

RULE 6.2.2.1-10:
The current resistance of the mainframe MSIB connector (item 29), figure 6-53, MUST be 8.3 mQ2
maximum per mated contact at rated current and temperature range.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



Page 124 MECHANICAL INTERFACE

RULE 6.2.2.1-11:

The mainframe MSIB connector (item 29), figure 6-53, MUST be able to sustain continuous operation
within a temperature range of -55° C to +95° C without a reduction in mechanical or electrical
performance.

SUGGESTION 6.2.2.1-12:
Identification of pin contact positions (i.e. 1,11,22,29.40 and 50 as shown in figure 6-53) on the
mainframe MSIB connector can be helpful.

RULE 6.2.2.1-13:

The indexing boss feature (mainframe connector item 3) of the mainframe MSIB connector (item 29),
figure 6-53, MUST be aligned as shown in figure 6-53 and held in position to within + 2° with
Mainframe Connector Datum Y as reference.

RECOMMENDATION 6.2.2.1-14:

The material specifications for mainframe connector items 1 thru 5 should be as follows:

1. Plug Body: 30% glass reinforced PET, PETRA 130 FR or RYTON R4 (P.P.S. per MIL-P-
46174, Class 40).

2. Guide Pin: CRES type 303 per ASTM-AS581; passivate per QQ-P-35.

3. Indexing Boss: Aluminum alloy 7075-T6 per QQ-A-225/9; electroless nickel plate per MIL-C-
26074 Class I (0.0013-0.0025mm thk) over copper per MIL-C-15540.

4. Securing Cap: Aluminum alloy 6061-T6 per QQ-A-225/9; chromate conversion per MIL-C-
5541.

5. Pin Contact: Beryllium copper per ASTM B196, alloy UNS No. C17300, temper TH04; gold
plate 0.00076mm min. over 0.0013mm min. nickel plate; test per EIA STD RS-364-53.

RULE 6.2.2.1-15:

The mainframe MSIB connector (item 29), figure 6-53, MUST be able to withstand a torque applied to
its indexing boss feature (mainframe connector item 3) of 0.7 N-m. The mainframe MSIB connector
MUST NOT exhibit any reduction in its electrical or mechanical specifications after this torque has
been applied.

6.2.2.2 External

RULE 6.2.2.2-1:
If external MSIB connectors are provided, then they MUST conform to ISO standard 2110 or MIL-C-
24308 and be of the following type..

o MSIB out: 2 row, 37 contact, low profile male D-subminiature.

o MSIB in: 2 row, 37 contact, low profile female D-subminiature.

OBSERVATION 6.2.2.2-2:

The connector pin assignments for the external MSIB connectors are shown in appendix A.2.
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623 Mainframe EMC Grounding

PERMISSION 6.2.3-1:

MMS mainframes MAY use mainframe grounding springs to improve the EMC performance of the
system.

RULE 6.2.3-2: :

If mainframe grounding springs are used, then they MUST be positioned in the mainframe such that
they will be in contact with the module zones called out with Note 6.1.4-1 in figures 6-8 thru 6-15, as
shown in figure 6-40, when the module is fully installed into the mainframe.

RULE 6.2.3-3:

If mainframe grounding springs are used, then they MUST be designed to be able to slide over holes
10mm in diameter on the top of modules and 6mm in diameter on the sides of modules in all module
zones called out with Note 6.1.4-3 in figures 6-9, 6-11, 6-13, and 6-15.

RULE 6.2.3-4:

If mainframe grounding springs are used, then they MUST be designed to withstand a minimum of 500
module installation/removal cycles.

OBSERVATION 6.2.3-5:

MMS systems (both modules and mainframes) are designed for a minimum of 500 module
installation/removal cycles.

SUGGESTION 6.2.3-6:

The top front ground spring (item 25), figure 6-49, bottom rear ground spring (item 26), figure 6-51,
and top rear ground spring (item 27), figure 6-50, can be used as the mainframe grounding springs as
shown in figure 6-40. These springs have been designed with a 2 2 maximum impedance.

SUGGESTION 6.2.3-7:

If intermodular ground springs or additional mainframe grounding springs are required to achieve
adequate EMC performance, then those springs should be positioned in the mainframe or on the
modules such that they will be in contact with the module zones called out with Note 6.1.4-3 in figures
6-9, 6-11, 6-13, and 6-15.

OBSERVATION 6.2.3-8:
The most effective EMC grounding path between a module and a mainframe is typically through the
mainframe bottom rear ground spring (item 26), figures 6-40 and 6-51.

624 Mainframe Microphonic Vibration

RULE 6.2.4-1:

Microphonic vibration produced by an unloaded mainframe MUST NOT exceed .010 g’s at any
frequency or operating voltage. It MUST be measured in three axes on both the mainframe front and
mainframe rear, with the mainframe front face (Mainframe Datum A), figure 6-28, as a reference. See
appendix B.4 for Mainframe Microphonic Vibration Test Procedure.
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OBSERVATION 6.2.4-2:

Compliance with rule 6.2.4-1 does not guarantee that design problems with microphonic vibrations will
not occur.

SUGGESTION 6.2.4-3:

Mainframes should incorporate damping and isolation for fans and other vibration generating devices.
A large margin between the vibrational output of a mainframe and the 0.010 g limit is desirable.

62.5 Mainframe Environmental

OBSERVATION 6.2.5-1:

It is the responsibility of the MMS system integrator to select modules and mainframes that will meet
the environmental requirements of the specific application.

63 Figures

The figures referred to in sections 6.1 and 6.2 are on the following pages.
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FIGURE 6-1. ISOMETRIC VIEW OF 1 SLOT MODULE
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7. COOLING SPECIFICATIONS

71 Mainframe Cooling

RULE 7.1-1:
Cooling air MUST flow from an MMS mainframe into an MMS module as shown in figure 7-1.
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Figure 7-1. Mainframe Cooling Overview
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RULE 7.1-2:

The minimum specified airflow supplied per module slot MUST be established by measuring worst
case minimum airflow though a module whose resistance characteristics are equal to, or slightly greater
than, the formula below. See figure 7-2 for a graphical representation, and appendix B.5.1 for testing
information.

AP = 0.62 x (Q)? (Based on Standard Air)

where,

AP = Static pressure drop across module (mm H20),
Q = Airflow volume (Liters per second)

OBSERVATION 7.1-3:
"Worst case minimum airflow” is typically found by identifying the slot with the lowest airflow and
testing it with all other slots empty.

OBSERVATION 7.1-4:

The resistance characteristic of the mainframe airflow measurement module, specified in rule 7.1-2,
was selected as representative of worst case component packing density. It is unlikely that actual MMS
modules will have resistance to airflow equal to or greater than this module.

RULE 7.1-5:

A decrease in airflow due to a resistance characteristic greater than specified in rule 7.1-2 MUST be
established in an MMS mainframe. This decrease shall be established by measuring worst case
minimum airflow though a module whose resistance characteristics are equal to, or slightly greater
than, the formula below. The decrease in airflow caused by the larger resistance MUST NOT be
greater than 35% of that found in rule 7.1-2. See figure 7-2 and appendix B.5.1.

AP = 0.90 x (Q)? (Based on Standard Air)

where,

AP = Static pressure drop across module (mm H20),
Q = Airflow volume (Liters per second)
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40T
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Figure 7-2. Module Resistance Curves

OBSERVATION 7.1-6:

Specifying the maximum decrease in airflow with an unusually high pressure drop module forces
mainframe designers to select fans and fan operating points which guarantee stable operation under all
conceivable conditions.

PERMISSION 7.1-7:

For acoustic purposes, a reduction in airflow from the minimum specified airflow is allowed below an
ambient temperature of 50 degrees Celsius.

RULE 7.1-8:

Airflow reductions allowed in permission 7.1-7 MUST keep the bulk temperature under the limits
specified in figure 7-3. The bulk temperature calculations for comparison with figure 7-3 MUST start
with a 15 degree Celsius average air temperature rise based on the minimum specified airflow at an
ambient temperature of 50 degree Celsius. The increased average air temperatures below an ambient
of 50 degrees Celsius, due the the airflow reductions, MUST be calculated assuming a constant power
dissipation.

OBSERVATION 7.1-9:
Bulk temperature, for the purposes of the MMS specification, is defined as the ambient air
temperature plus the average air temperature rise through a module.

OBSERVATION 7.1-10:

Rule 7.1-8, see figure 7-3, defines the worst case bulk temperature characteristic that MMS module
designers may face when MMS mainframe designs limit airflow for acoustic purposes. For
comparison, figure 7-4 shows the effect of this limit on other temperature rise designs. Note that a
module designed for a temperature rise in excess of 15 degrees Celsius can experience a maximum
bulk temperature when ambient is below 50 degrees. Having bulk temperature calculations based on a
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15 degree Celsius average air temperature rise is a trade off between MMS mainframe and MMS
module designs. A higher average air temperature rise for the curve shown in figure 7-3, e.g., 20
degrees Celsius, would Limit the ability of MMS mainframe designs to reduce acoustic noise. Having a
lower average air temperature rise for figure 7-3 would limit cooling options for MMS module design.
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~
iy Extend to Upper
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Figure 7-3. Airflow Reduction Bulk Temperature Limit (Use 15° C AT)
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Figure 7-4. Temperature Rise Comparison
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OBSERVATION 7.1-11:

A reduction in airflow below 30 degrees Celsius is usually not necessary. The ambient temperature
range where acoustic performance is typically most important is 30 degrees Celsius and below.

SUGGESTION 7.1-12:

MMS mainframe designs should provide the maximum airflow possible at all ambient operating
temperatures within the constraints of acoustic requirements.

RULE 7.1-13:
An MMS mainframe MUST deliver a minimum of 1.00 liter per second per module slot under all
operating conditions.

OBSERVATION 7.1-14:

Rule 7.1-13 specifies that at least 1.00 liter per second of airflow be supplied regardless of ambient
conditions. This is an additional constraint to the airflow reduction limits as called out by rule 7.1-8. In
other words, airflow can be reduced from its minimum specified airflow for acoustic reasons as long as
it meets the bulk temperature requirements shown in figure 7-3 and never falls below 1.00 liter per
second.

RULE 7.1-15:
An MMS mainframe MUST NOT raise the temperature of air entering modules more than 5 degrees
Celsius above ambient under all operating conditions.

OBSERVATION 7.1-16:

The allowable average air temperature rise called out in rule 7.1-15, up to 5 degrees Celsius, is always
assumed to be zero when calculating bulk temperature for the purposes of mainframe airflow
reduction as called out in rule 7.1-8. In actual operation, the module exit air temperature of a module
with a 15 degree Celsius average air temperature rise could be as much as 5 degree Celsius higher than
that shown as T-BULK in figure 7-3.

OBSERVATION 7.1-17:

MMS mainframes are required to list on a capability label their minimum specified airflow per slot, in
liters per second. See chapter 9, Capability Labeling.

OBSERVATION 7.1-18:

When configuring an MMS mainframe without a capability label, 1.25 liters per second can be assumed
when no other information is available. It is best to consult the manufacturer of an unlabeled MMS
mainframe to determine its specified airflow.

SUGGESTION 7.1-19:
MMS mainframes should be designed to provide at least 1.25 liters per second of airflow. A large
installed base of MMS modules exist with this minimum required airflow.
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72 Module Cooling

RULE 7.2-1:

Minimum cooling requirements, in liters per second per module slot, MUST be determined for a
module.

OBSERVATION 7.2-2:

Minimum cooling requirements are specified on a per slot basis for both MMS modules and MMS
mainframes. This allows a systems integrator to check only a single value between mainframes and
modules to decide if sufficient airflow is supplied.

OBSERVATION 7.2-3:

The minimum required airflow for an MMS module is based upon the manufacturers reliability goals.
These goals take into account the environmental conditions that are specified for the product.

RULE 7.2-4:
Specified minimum cooling requirements for an MMS module MUST take into account the allowable
mainframe fan speed reduction limits, as called out in rule 7.1-8. See figure 7-3.

RULE 7.2-5:
Specified minimum cooling requirements for an MMS module MUST take into account the allowable
ambient temperature rise before air enters a module called out in rule 7.1-15.

RECOMMENDATION 7.2-6:

MMS modules should be tested to determine the pressure drop characteristic at the minimum required
airflow. See appendix B.5.2 for testing information.

OBSERVATION 7.2-7:

Mainframes are required to supply a minimum airflow of 1.00 liter per second under all operating
conditions.

OBSERVATION 7.2-8:
MMS modules are required to list on a capability label the required airflow per slot, in liters per

second. See chapter 9, Capability Labeling.

OBSERVATION 7.2-9:

When configuring an MMS mainframe with MMS modules that lack capability labeling, 1.25 liters per
second can be assumed when no other information is available. It is best to consult the manufacturer
of an unlabeled MMS module to determine its minimum required airflow.

OBSERVATION 7.2-10:
MMS module airflow requirements, when possible, should be limited to 1.25 liters per second. A large
installed base of MMS mainframes exist that meet this minimum specified airflow.
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8. ELECTROMAGNETIC COMPATIBILITY (EMC)

8.1 Module Electromagnetic Compatibility

The following requirements apply to modules. The intent of these requirements is to assure
electromagnetic compatibility between modules and between modules and mainframes, To that end,
the focus of this specification is on the interfaces between modules and mainframes, Radiated
emissions and susceptibility at the surface of modules are specified. Conducted emissions and
susceptibility on the 40 kHz power bus and the IEEE-488.1 and MSIB buses are specified.

These requirements do not address electromagnetic interaction between modules and the external
environment. Radiated emissions and susceptibility beyond the confines of a mainframe are not
specified. Conducted emissions and susceptibility onto the mainframe’s power line are not specified.

RECOMMENDATION 8.1-1:

MMS module manufacturers should specify which regulatory or other EMC standards they comply
with,

8.1.1 Module Radiated EMC

This specification does not dictate the particular set of regulatory EMC standards with which a module
must comply. It does not require adherence to, for example, FCC, VDE, or Mil Spec EMC
requirements,

8.1.1.1 Module Radiated Emissions

RECOMMENDATION 8.1.1.1-1:

If a module manufacturer specifies compliance to a given set of regulatory EMC standards, it is
recommended that the modules be tested individually in a mainframe to the limits of the specification.
It is not necessary to derate the specification limit based on module size. The purpose of this
recommendation is to ensure that EMC claims by different manufacturers have a common definition.
This will case the burden on system integrators who wish to design a system meeting specific regulatory
EMC requirements.

OBSERVATION 8.1.1.1-2:

A system composed of multiple modules may have radiated emissions levels higher than that of the
modules when tested individually. If a system is to meet a given radiated emissions specification, the
radiated emissions levels of the individual modules may need to be lower.
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8.1.1.1.1 Module Magnetic Field Radiated Emissions

RULE 8.1.1.1.1-1:

The close-field magnetic emissions measured on the surfaces of the module MUST NOT exceed the
limit shown in figure 8-1. Emissions are specified at the left and right sides of the module. Emissions
are not specified at the top, bottom, front, or rear of the module. The probe used to measure the
magnetic field emissions MUST have an aperture of less than 100 mm?. The suggested test procedure
for this requirement is described in section B.2.1.
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Figure 8-1. Close-field Magnetic Emission Limits

SUGGESTION 8.1.1.1.1-2:

In order to reduce the level of radiation of MSIB related signals from module surfaces, a ferrite core
should be placed around all MSIB and IEEE-483.1 lines as a common mode choke, as shown in figure
8-2. The purpose of this choke is to force MSIB related return currents to flow through the backplane
interface connector wiring rather than along the outside surface of the module. For this choke to work
properly, MSIB and IEEE-488.1 returns need to be routed through the core along with the signal lines.
The 40 kHz power lines and return should not be routed through this core, as this will induce 40 kHz
power supply voltages onto the buses.
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Figure 8-2. Flex Circuit and Ferrite - exploded view

8.1.1.1.2 Module Electric Field Radiated Emissions

Near field electric field emissions are not specified. The accuracy of electric field measurements near
metal surfaces is poor, and magnetic fields are a more severe threat.

8.1.12 Module Radiated Susceptibility

In order to assure compatibility between modules and between modules and mainframes, near field
magnetic susceptibility is specified for the module.

8.1.1.2.1 Module Magnetic Field Susceptibility

RULE 8.1.1.2.1-1:

The close field magnetic susceptibility measured on the surfaces of the module MUST be below the
limit shown in figure 8-3. Susceptibility is specified at the left and right sides of the module.
Susceptibility is not specified at the top, bottom, front, or rear of the module. The probe used to
generate the magnetic field for this test MUST have an aperture of greater than 25 mm?. The
suggested test procedure for this requirement is described in section B.2.2.
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Figure 8-3. Close-field Magnetic Susceptibility Limits

8.1.1.2.2 Module Electric Field Susceptibility
Near field electric field susceptibility is not specified. The accuracy of electric field measurements
near metal surfaces is poor, and magnetic fields are a more severe threat in the module.

8.12 Module Conducted EMC

This specification does not dictate the particular set of regulatory EMC standards with which a module
must comply. It does not require adherence to, for example, FCC, VDE, or Mil Spec EMC
requirements.

In order to assure compatibility between modules and between modules and mainframes, conducted
emissions are specified at the module to mainframe backplane interface connector.
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8.1.2.1 Module Power Bus Conducted EMC

Modules receive power from a mainframe through their backplane interface connector. This power is
delivered as a 40 kHz AC waveform wave, differentially balanced with respect to ground. In order to
control interaction between modules and between modules and mainframes, module conducted
emissions and susceptibility are specified.

8.1.2.1.1 Module Power Bus Conducted Emissions

The current a module draws from the 40 kHz power bus is nominally a 40 kHz square wave, Three
aspects of this current are specified to control interaction between modules through the common
impedance of the power supply bus. The maximum harmonic content of this waveform is specified, the
level of spurious current unrelated to this waveform is specified, and the allowable variation in the
amplitude of the module load current is also specified. The first two of these are specified below;
specifications for the maximum variation in module load current are found in section 3.2.4.

RULE 8.1.2.1.1-1:

Module conducted emissions at harmonics of the 40 kHz power supply MUST NOT exceed the limits
specified in figure 8-4. Where the limits of figure 8-4 fall below the limits of figure 8-5, the limits of
figure 8-5 shall apply. The suggested test procedure for this requirement is described in section
B3.2.1.

OBSERVATION 8.1.2.1.1-2:

The amplitude of the 40 kHz square wave module load current can be approximated from:

~_ P
24.3 Volts

where P is the specified module power consumption in watts.

I40kHz
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Figure 8-4. Module 40 kHz Harmonic Conducted Emissions Limits Relative to 40 kHz Current

RULE 8.1.2.1.1-3:

Module non-harmonic spurious emissions on the 40 kHz power bus are specified common mode on
both phases of the 40 kHz power bus. These emissions MUST NOT exceed the limits specified in
figure 8-5 The suggested test procedure for this requirement is described in section B.3.2.1.
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Figure 8-5. Module 40 kHz AC Supply Conducted Emissions Limits

RECOMMENDATION 8.1.2.1.1-4:
A common mode filter should be used on the power bus input lines to attenuate common mode
emissions from a module. An example of an appropriate filter is shown in figure 8-6.

RULE 8.1.2.1.1-5:

Capacitors connected between line and ground on the 40 kHz power bus (such as are used in the
conducted emissions filter in figure 8-6) MUST be less than 5000 pF.
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Figure 8-6. Common Mode Filter

OBSERVATION 8.1.2.1.1-6:

Experience indicates that capacitors in the range of 470 pF to 1000 pF tend to provide optimum
performance.

8.1.2.1.2 Module Power Bus Conducted Susceptibility

The quality of the 40 kHz power supply available to a module can be degraded by other modules
present in the same mainframe. A module must perform properly in the presence of this degradation.
The levels of spurious signals on the power supply bus which a module must endure while meeting its
specifications are given below.

RULE 8.1.2.1.2-1:

Modules MUST meet their specifications when subjected to voltage levels shown in figure 8-7 on either
the AC-A or AC-B phases of the power supply. The suggested test procedure for this requirement is
described in section B.3.2.2.
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Figure 8-7. Module Power Supply Conducted Susceptibility Limit

8.1.2.2 Module Digital Bus Conducted EMC

The interaction between a module and the MSIB and IEEE-488.1 buses can be a cause of problems
for that module or other modules on the bus. The fast edges of the logic signals present contain
significant amounts of energy at high frequencies. There are two main ways in which these signals can
cause EMC problems. First, they can degrade the performance of the mainframe, or the performance
of modules in it. Second, they can radiate from the mainframe, causing it to tail its radiated emissions
specifications.

RECOMMENDATION 8.1.2.2-1:

For many modules, highest radiated emissions levels are found when MSIB is active. For this reason, it
is recommended that radiated emissions tests such as MIL-STD-461C REQ2 be performed with the bus
active at its maximum rate. This can be accomplished by implementing the busy-out function in
module firmware. Details of this function are described in section 5.14.

8.1.2.2.1 Module Digital Bus Conducted Susceptibility

A module’s performance can be affected by the traffic on MSIB. Even when a module is not actively
using the bus, it is still electrically connected to it. Because of this, a module’s performance can be
affected by MSIB traffic even when that module is not actively using the bus. A module MUST be able
to operate under these conditions

RULE 8.1.2.2.1-1:
Modules MUST meet their specifications when the MSIB is busied out. The bus is busied by placing
another module in the same mainframe and invoking the busy-out function in that module.
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SUGGESTION 8.1.2.2.1-2:

For purposes of consistency, it is suggested that the busy module used for the test in the previous rule
be set to address 32 (row 1, column 0).

82 Mainframe Electromagnetic Compatibility

The following requirements apply to mainframes. The intent of these requirements is to assure
electromagnetic compatibility between mainframes and modules. To that end, the focus of this
specification is on the interfaces between mainframes and modules. Radiated emissions and
susceptibility on the surface of the mainframe’s module cavity are specified. Conducted emissions and
susceptibility on the 40 kHz power bus and the IEEE-488.1 and MSIB buses are specified.

These requirements do not address electromagnetic interaction between modules and the external
environment. Radiated emissions and susceptibility beyond the confines of a mainframe are not
specified. Conducted emissions and susceptibility of a mainframe on the AC power line are not
specified.

RECOMMENDATION 8.2-1:

MMS mainframe manufacturers should specify which regulator or other EMC standards they comply
with.

OBSERVATION 8.2-2:

When assembling modules into mainframes, total system EMC will be a function of the particular
modules, mainframes, and interconnecting cables used in the system. MMS system attributes allow this
performance to fall into manageable limits.

82.1 Mainframe Radiated EMC

This specification does not dictate the particular set of regulatory EMC standards with which a
mainframe must comply. It does not require adherence to, for example, FCC, VDE, or Mil Spec EMC
requirements.

8.2.1.1 Mainframe Radiated Emissions

RECOMMENDATION 8.2.1.1-1:

If a2 mainframe manufacturer specifies compliance to a given set of regulatory EMC standards, it is
recommended that the mainframe be tested individually, with no modules, to the limits of the
specification. It is not necessary to derate the specification limit. The purpose of this recommendation
is to ensure that EMC claims by different manufacturers have a common definition. This will ease the
burden on system integrators who wish to design a system meeting specific regulatory EMC
requirements.

OBSERVATION 8.2.1.1-2:

A system composed of multiple modules and mainframes may have radiated emissions levels higher
than that of the mainframe when tested individually. If a system is to meet a given radiated emissions
specification, the radiated emissions levels of the mainframe or mainframes may need to be lower.
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RECOMMENDATION 8.2.1.1-3:

The design of the mainframe enclosure has a strong effect on the radiated emissions of a system.
Proper grounding of modules is important if a system is to meet its standards for radiated emissions.
For this reason, it is reccommended that all mainframes use the module grounding scheme described in
the MMS Mechanical Interface Specification drawing package.

In order to assure compatibility between modules and between modules and mainframes, near field
magnetic emissions are specified in the mainframe’s module cavity.

8.2.1.1.1 Mainframe Magnetic Field Radiated Emissions

RULE 8.2.1.1.1-1;

The close-field emissions measured on the surfaces of the module cavity MUST NOT exceed the limit
shown in figure 8-1 The probe used to measure the magnetic field emissions MUST have an aperture
of less than 100 mm?. The suggested test procedure for this specification is described in section B.2.1.

8.2.1.1.2 Mainframe Electric Field Radiated Emissions

Near field electric field emissions are not specified. The accuracy of electric field measurements near
metal surfaces is poor, and magnetic fields are a more severe threat in the module cavity.

8.2.12 Mainframe Radiated Susceptibility
In order to assure compatibility between mainframes and modules, near field magnetic susceptibility is
specified in the module cavity.

8.2.1.2.1 Mainframe Magnetic Field Susceptibility

RULE 8.2.1.2.1-1:

The close field susceptibility measured on the surfaces of the mainframe’s module cavity MUST be
above the limit shown in figure 8-3. The probe used to generate the magnetic fields for this test MUST
have an aperture of greater than 25mm? . The suggested test procedure for this specification is
described in section B.2.2.

8.2.1.2.2 Mainframe Electric Field Susceptibility
Near field electric ficld susceptibility is not specified. The accuracy of electric field measurements
near metal surfaces is poor, and magnetic fields are a more severe threat in the module cavity.

822 Mainframe Conducted EMC

This specification does not dictate the particular set of regulatory EMC standards with which a
mainframe must comply. It does not require adherence to, for example, FCC, VDE, or Mil Spec EMC
requirements.

In order to assure compatibility between mainframes and modules, conducted emissions are specified
at the module to mainframe backplane interface connector.
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8.2.2.1 Mainframe Power Bus Conducted EMC

Mainframes deliver power to modules through the backplane interface connector. This power is
delivered as a 40 kHz AC waveform, differentially balanced with respect to ground. In order to control
interaction between modules and between modules and mainframes, mainframe conducted emissions
and susceptibility are specified.

8.2.2.1.1 Mainframe Power Bus Conducted Emissions

The mainframe power supply output is nominally a 40 kHz AC waveform with an average value of 24.3
volts. Harmonic content and spurious signal levels are specified for the power supply output. The
maximum level of ripple on the power supply output is also specified; this is specified in section 3.1.

8.2.2.1.1.1 Mainframe Power Supply Harmonics

RULE 8.2.2.1.1.1-1:

The 40 kHz mainframe power supply voltage waveform spectrum MUST comply with the limits of
figure 8-8 when presented with any legal module load.
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Figure 8-8. Mainframe 40 kHz Harmonic Emissions Limits Relative to 40 kHz Voltage
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RULE 8.2.2.1.1.1-2:

The current waveform spectrum from the mainframe into any legal module load MUST comply with
the limits imposed by figure 8-4 when delivering power in the range from 20 watts to the maximum
rated output of the 40 kHz mainframe power supply.

8.2.2.1.12 Mainframe Power Supply Non-harmonic Emissions

Spurious signals on the mainframe power supply output are measured common mode on AC-A and
AC-B with respect to ground. Common mode spurs are typically much higher than differentially-
induced ones, as well as being easier to measure at low levels.

RULE 8.2.2.1.1.2-1:

The level of non-harmonic common mode emissions on the mainframe power bus MUST NOT exceed
the limits of figure 8-9. The suggested test procedure for this requirement is described in section
B.3.1.1.3.
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Figure 8-9. Mainframe Non-harmonic Common Mode Emissions

8.2.2.1.2 Mainframe Power Bus Conducted Susceptibility

The quality of the mainframe’s power supply can be degraded by the modules that are connected to the
power supply bus. If the impedance of the mainframe power supply is not controlled, modules could
interact with each other through the common impedance of the power supply bus. These specifications
are designed to limit the potential for this type of interaction.
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8.2.2.12.1 Mainframe Power Supply Harmonic Susceptibility

The load current drawn by modules from the mainframe power supply is nominally a square wave.
The spectrum of this square wave consists of a broad spectrum of high level harmonics. It is necessary
to measure the voltage harmonics induced on the power supply output when subjected to these large
current harmonics which are present.

RULE 8.2.2.1.2.1-1:

The large-signal impedance of the mainframe power supply MUST NOT exceed the limits of figure 8-
10. This is measured under full load conditions at odd harmonics of the fundamental power supply
frequency. The suggested test procedure for this requirement is described in section B.3.1.2.1.
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Figure 8-10. Mainframe Harmonic Impedance

8.2.2.1.2.2 Mainframe Power Supply Non-Harmonic Susceptibility

This test measures the susceptibility of the mainframe power supply to spurious currents injected onto
the power bus by modules. For this test, the currents are injected into AC-A and AC-B common mode
with respect to ground.

RULE 8.2.2.1.2.2-1;
The common mode impedance of the mainframe power supply MUST NOT exceed the limits of figure
8-11. The suggested test procedure for this requirement is described in section B.3.1.2.2.
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Figure 8-11. Mainframe Common Mode Output Impedance

8.2.2.2 Mainframe Digital Bus Conducted EMC

The interaction between a mainframe and the MSIB and IEEE-488.1 buses can be a cause of problems
for that mainframe or for modules in it. The fast edges of the logic signals present contain
significant amounts of energy at high frequencies. There are two main ways in which these signals can
cause EMC problems. First, they can degrade the performance of the mainframe, or the performance
of modules in it. Second, they can radiate from the mainframe, causing it to fail its radiated emissions
specifications.

8.2.2.2.1 Mainframe Digital Bus Conducted Susceptibility

A mainframe’s performance can be affected by the traffic on MSIB. Even when a mainframe is not
actively using the data bus, it is still electrically connected to it. Because of this, a mainframe’s
performance can be affected by MSIB traffic even when the mainframe itself is not sending or receiving
data. A mainframe MUST be able to operate under these conditions.

RULE 8.2.2.2.1-1:

Mainframes MUST meet their specifications when the MSIB is busied out. The bus is busied by
placing a module in the mainframe and invoking the busy-out function in that module. Details of the
busy-out function are described in section 5.14.
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SUGGESTION 8.2.2.2.1-2:

For purposes of consistency, it is suggested that the busy module used for the above test be set to
address 32 (row 1, column 0).
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9. CAPABILITY LABELING

MMS mainframes and modules are labeled to provide the MMS system integrator with the information
needed to configure a system.

9.1 Module Labeling

RULE 9.1-1:
An MMS module MUST have capability labeling on its module front, with the module power
requirement in watts and the module cooling requirement per slot in liters per second.

SUGGESTION 9.1-2:
It is desirable that module capability labeling be located in a consistent location. Figure 6-67 shows the
suggested location.

PERMISSION 9.1-3:
The module capability labeling MAY be hidden in normal operation (e.g. behind a door or panel),
provided the user can easily access the label from the front of the module.

92 Mainframe Labeling

RULE 9.2-1:
An MMS mainframe MUST have capability labeling which gives the total power available to modules
in watts, and the minimum airflow per mainframe slot in liters per second.

RULE 9.2-2:
The mainframe capability labeling MUST be readable from the front of the mainframe.

PERMISSION 9.2-3:
The mainframe capability labeling MAY be hidden in normal operation (e.g. behind a door or panel),
provided the user can easily access the label from the front of the mainframe.
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A. CONNECTOR PIN DESCRIPTIONS

Al MSIB Internal Connector

ACA RTN DI0O1 DIo4 DI6 DI07 EOI SRQ AIN RTN REN

1 @@@@@@Q@.@

AC-B RTN DIO2 DIO3 DIOS DIO8 NRFD DIO8 IFC DAV
40kHz MSIB— —— MSIB- MSIB- MSIB- IFC- DAV-
RTS RIN RIN RTN RIN RIN

2® 6o DO®E,

MSIB ___ K- SYNC-
ACA RIN CIS MD7 MD4 MD3 MD1 ACK RTN R

MOD—
ACB SPARE MD6 MDS MD8 RESET MD2 MDO BSY CLK SYNC

ONONORORORONORORORONC)

Figure A-1. 50 Pin Module Connector (View of Mating Face on Mainframe)
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TABLE A-1. Pin Assignments for 50 Pin Module Connector

Pin Assignment Pin Assignment Pin Assignment
1 AC-A 12 AC-B 22 40 kHz-RTN [3]
2 488 RTN [1] 13 488 RTN [1] 23 MSIB-RTN [1]
3  DIot 14  DI02 24  RTS
4 DI04 15 DI03 25 MSIB-RTN
5 DI06 16 DI05 26 MSIB-RTN
6 D107 17 DI08 27 MSIB-RTN [1]
7 E01 18 NRFD 28 IFC-RTN
8 SRQ 19 NDAC 29 DAV-RTN
9 ATN 20 IFC

10 REN-RTN {1] 21 DAV

11 REN

Pin Assignment Pin Assignment

30 AC-A 40 AC-B

31 MSIB RTN 41 SPARE [1]

32 CTS 42 MD6

33 MD7 43 MD5

34 MD4 44 MD8

35 MD3 45 MOD-RESET

36 MD1 46 MD2

37 ACK 47 MDO

38 CLK-RTN [1] 48  BSY

39  LINE-SYNC-RTN [2] 49 CLK
50  LINESYNC [4]

[1] These pins are connected to chassis ground in the mainframe. Connection to all returns must be made in the module for the
respective bus (IEEE 488.1 and/or MSIB) as part of keeping electromagnetic emissions within specifications.

[2] Do not connect directly to module ground. Any module of one slot width using the LINE SYNC function needs to maintain
a minimum of 20(}s between LINE SYNC RETURN and module ground. A two slot module is 100s minimum and a three slot
module is 6.7} minimum.

[3] Pin 22 is to be used for grounding of cable shield drain wire when a separate 40 kHz power cable is used. Module 40 kHz
REFI filter returns may also connect to this pin provided they are kept separate from all other module returns and grounds.

[4} Any one slot module using the LINE SYNC function needs to present an impedance of 100 ki or greater to the mainframe.
A two slot module is 50 kf3s minimum and a three slot module is 33 ks minimum.
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A2 MSIB External Connector

1 2 3 4 5 6 7 8 9 10 1 12 13 4 15 % 7 18 19
00000CG6OCGCOODOOOGOOGIOOIONONOO
0000000OCGOGOOOOONOOOO

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 B ¥ T
OUT Male)

19 8 17 #© 6 14 13 12 # 10 9 8 7 6 5 4 3 2 1

37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 2 21 20
IN (Female)

Figure A-2. MSIB External Connector

TABLE A-2. Pin Assignments for MSIB External Connector

Pin | Assignment | Pin | Assignment
1 DOL 20 DOH

2 DI1L 21 D1H

3 D2L 22 D2H

4 D3L 23 D3H

5 D4l 24 D4H

6 D5L 25 D5SH

7 D6L 26 D6H

8 D7L 27 D7H

9 | D8L 28 D8H

10 FR1L 29 FR1H
11 FROL 30 FROH
12 DAVL 31 DAVH
13 DACL 32 DACH
14 RESET 33 GND

15 GND 34 SRDY
16 GND 35 CABLE
17 GND 36 GND

18 GND 37 DRDY
19 CGND
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B. MEASUREMENT TESTS

B.1 Power Supply Electrical Tests

Module power consumption is dynamic. It can vary with the state of the module. For example, it may
vary as the frequency of a YIG tuned oscillator is varied. For some modules, it may exhibit transient
peaks. Modules with mechanical switches and attenuators, for example, will draw more current from
the power supply when those switches’ relays are activated.

For this reason, the module power consumption test has two parts. The first test, described in section
B.LL1, measures the steady state power drawn by a module from the 40 kHz power supply. This test,
which measures power consumption over a span of several seconds, will be sufficient for modules that
do not exhibit large transient peaks in power consumption. The second test, described in section
B.1.1.2, measures the additional power drawn from the mainframe power supply during transients.
This test should be run along with the first on modules expected to exhibit transient peaks in their
power consumption.

B.1.1 Module Power Consumption Tests

B.1.1.1 Module Steady State Power Consumption Test

B.1.1.1.1 Description

This test procedure is intended to test the power consumption of MMS modules. The measurement is
necessary for the module designer to guarantee compliance with the MMS specification. Because of
the nature of the power supplics, the power measurement is not a straight forward measurement of
voltage and current (V xI = P). The measurement must be made by sampling both the voltage and
current, and then integrating. The method used was chosen for several reasons:

1. The power supply voltage is distributed differentially and is balanced with respect to ground,
2. The power supply distribution system operates at 40 kHz,

3. The modules present non-linear loads resulting in a non-sinusoidal current waveform which is
typically approaching a square wave which produces many harmonics,

4. Typical wattmeters and voltmeters are unable to accurately measure the power consumed by a
module because the frequencies involved are higher than the meters can measure.

The method developed to measure power requires sampling two voltages. The first voltage is the 40
kHz power bus. The second voltage is a function of the current on the 40 kHz power bus. The
sampling process involves sampling 250 cycles of each voltage, first the bus voltage and then the voltage
representing the current. The computer performs the necessary math, including integration, with the
result being a plot of the power waveform and the average power.

The sampling process uses a trigger circuit to mark the same starting point on each cycle. The
voltmeter waits a given delay before taking the sample. With each sampling the delay is increased until
the whole waveform is represented. This is approximately 250 cycles. This is then repeated for the
current waveform. The result is 250 pairs of points, one voltage and one current. The two points of
each pair are multiplied together, voltage times current. The result is 250 power points. The sum of all
the power points is divided by 250 to determine the average power.
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The software corrects for frequency variations in the 40 kHz power bus so that the average power is for
one complete cycle.

Module Mainframe
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Figure B-1. Power Measurement Block Diagram

Connect the cables as shown in figure B-1. The module’s power supply current can be measured at the
module fuse. If there is more than one fuse on either side of the 40 kHz AC line, the power down each
leg of one side of the 40 kHz line will have to be measured. The total module power can then be
calculated by taking the sum of each of the legs. These are the fuses on the primary side of the module
power transformer.

The module under test should be put into the state that draws the most current/power from the 40 kHz
line before running the test. An example would be a module that uses a magnetically tuned oscillator
or filter such as YIG oscillator or YIG tuned filter. These devices require considerably more current
when tuned to the maximum frequency.
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B.1.1.1.2 Equipment
» Power probe electronic tool,
¢ system voltmeter (e.g., HP 3437A),
o VHF switch (e.g., HP 3483A),
+ MMS Mainframe (e.g., HP 70001A),
o Plotter/Printer,

o Computer,

o Computer Software.

B.1.1.1.3 Procedure

1.

Configure test setup. Refer to block diagram in figure B-1.

2. Run the measurement program.

3. Review results/data.

B.1.1.1.4 Software

The following software program can be used to measure the average power consumption of modules,

using the measurement setup of figure B-1. It is included here to aid users in developing their average
power measurement procedure. The software is written in Hewlett-Packard BASIC 3.0.

10

20

30

40

50

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
271
272
280
290
300
310

This program measures the power consumption of an MMS module.

1t measures the 40 kHz power supply voltage and the 40 kHz
current drawn by the module. A switch is used to select between
the two signals. A sampling voltmeter samples several cycles of
both signals. The program then integrates the product of the
voltage and the current, and calculates the power consumed by
the module.

250 samples are taken of both the voltage and current waveforms.
A trigger circuit is used to generate a stable timing reference
from the 40 kHz power supply voltage. This trigger is used to
trigger the sampling voltmeter’s measurement. The voltmeter has
a programmable delay which allows the user to program in a delay
between the time when the trigger occurs and the time when the
measurement is made. After each measurement is made, this
program increments the programmable delay. This way, repeated
measurements at increasing delays successively build up a
sampled representation of the entire waveform. Enough samples are
taken to acquire two complete cycles of both the voltage and the
current. The array of sampled data is then truncated so that
exactly one cycle of the voltage and current is used for the
power calculation.

The program then calculates the average power consumption over
one cycle, and displays the results.

This is a working sample program and it is the
end users responsibility to modify, store and display the data in their

desired format.
Yededr e ok vk dke e e o & o ek e lN I T l AL I ZE sk o e e e e e de I de o v dede ke e

GCLEAR
Voltmeter=724 ! Hpib address voltmeter
Switch=709 ! Hpib address switch.
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320 DIM Voltage_a(600),Current_a(600)

330 ¢

340 INTEGER Num_readings,First_loc,Last_loc,New_last_loc,Dvm_delay,Ctr, X
350 INTEGER Max_2cycle_pts,Select_code,Last_command

360 REAL V_scale_factor,l_scale_factor,Correction,Isum_sqrs,Vsum_sqrs
370 !

380 Max_2cycle_pts=530 lassures two complete cycles.

390 Num_readings=SIZE(Voltage_a,1)

400 First_loc=BASE(Voltage_a,1)

410  Last_loc=First_loc+Num_readings-1

420 !

430  OUTPUT Switch;“CRESET 1,2,3,4,5"

440  OUTPUT Switch;*CLOSE 100

450  WAIT .3

460 1

470 [} e e e s de g ok e de ok e ok ke e e MEASURE V *¥dkdkdkkddkkdkkkk

480 !

490 Dvm_delay=235 t Initial delay.

500 V_scale_factor=11.0 ! Multiplier for voltage measurement.
510 !

520 ALLOCATE Meas_v(First_loc:Last_loc)

530 !

540 OUTPUT Voltmeter;"R2,T2,F1"

550 !

560 FOR Ctr=First_loc TO Last_loc

570 OUTPUT Voltmeter USING “uwpus  7p sngwuns(Dym delay+Ctr)*1.E-7
580 ENTER Voltmeter;Meas_v(Ctr)

590  NEXT Ctr

600 !

610 !

620 1 Fededede e dedede ek de ok dedk g MEASURE l e dedk ke ke dr ke de ek ok ek

630 OUTPUT Switch;“CRESET 1,2,3,4,5"

640 OUTPUT Switch;"CLOSE 101"

650 WAIT .1

660 Dvm_delay=235

670 1_scale_factor=2.5 ! Multiplier for Current

680  ALLOCATE Meas_i(First_loc:Last_loc)

690 OQUTPUT Voltmeter;"R2,T2,F1%

700 FOR Ctr=First_loc TO Last_loc

710 OUTPUT Voltmeter USING ®wupuu  7p wsgwus.(Dyvm delay+Ctr)*1.E-7
720  ENTER Voltmeter;Meas_i(Ctr)

730  NEXT Ctr

740 1

750 1XXXXXXXXXXXXXXXXXX SCALE ¥V XXXXXXXXXXXXXXXXXXXX

760 !

770  MAT Voltage_a= Meas_v*(V_scale_factor)

780 '

790 New_first_toc=First_loc

800 WHILE Voltage_a(New_first_loc)<0 ! Find start of wave cycle.
810 New_first_loc=New_first_loc+1

820 END WHILE

830 !

840 New_last_loc=New_first_loc+Max_2cycle_pts

850 WHILE Voltage_a(New_last_loc-1)>=0 I Find end of 2 complete cycles.
860 New_last_loc=New_last_loc-1

870 END WHILE

880 '

890  Num_pts=New_last_loc-New_first_loc+1

900  ALLOCATE Vvoltage(1:Num_pts)

910  ALLOCATE V_a(1:Num_pts)

920 FOR I=New_first_loc TO New_last_loc ! Fill array with 2 cycles.
930 V_a(l-New_first_loc+1)=Voltage_a(l)

940  NEXT 1

950 !

960 !

970  MAT Voltage_a= (0) ! Clean out array, set to 0.
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980 REDIM Voltage_a(1:Num_pts) ! Prefare array to receive final data
990 MAT Voltage_a= V_a ! Store data of 2 complete cycles.
1000 ¢

1010 I XXXXXXXXXXXXXXXXXX SCALE i XXXXXXXXXXXXXXXXXXXX

1020 !

1030 INPUT "mat number®,2
1040 MAT Meas_i= (2*2/2.5)
1050 IF 2.5*MAX(Meas_i(*))/2>4 THEN ! If 1 is > 4 amps use correction
1060 INPUT “ENTER percentage of unregulated load",Probe_error
1070 FOR Error=First_ltoc TO Last_loc
1080 Heas_i(Error)=Heas_i(Error)*(1+(Probe_error/100)*(ABS(.04*Heas_i(Error))/(Z?-ABS(Mees_i(Error)))))
1090 NEXT Error
1100 END IF
1110 MAT Current_a= Meas_i*(I_scale_factor)
1120 ALLOCATE Current(1:Num_pts)
1130  ALLOCATE C(1:Num pts)
1140 FOR I=New_first_loc TO New_last_loc
1150 C(I-New_first_loc+1)=Current_a(l)
1160 NEXT 1
1170 MAT Current_a= (0)
1171 REDIM Current_a(1:Num_pts)
1172 MAT Current_a= C
173
1181 1 XXXXXXXXXXXXX voltage calcs XXXXXXXXXXXXXXXXXXX
1185 1
1190 ALLOCATE Temp(1:Num_pts)
1210 ALLOCATE Q(1:Num_pts)
1220 MAT Voltage= (2)*Voltage_a
1221 Vpk=MAX(Vol tage(*))
1230 PRINT “vpk¥:Vpk
!

1250 MAT Temp= Voltage . Voltage

1260 Vsum_sqrs=SUM(Temp) I Calculate vrms.
1270 Vrms=SQR(Vsum_sqrs/Num_pts) ! "

1280 PRINT ®“Vrms"*:Vrms

1290 MAT Temp= Voltage

1300 MAT Q= Temp<(0)

1310 MAT Q= Q*(-2)

1320 MAT Q= Q+(1)

1330 MAT Temp= Temp . Q

1340 Vavg=SUM(Temp)/Num_pts ! Calculate V average.
1350 PRINT “Vavg";Vavg

1360 !

1370 1 XXXXXXXXXXXXXXXXXXXX current calcs XXXXXXXXXXXXXXX

1380 MAT Current= Current_a
1390 Ipk=MAX(Current(*))
1400 PRINT “Ipk";Ipk
1410 MAT Temp= Current . Current
1420 Isum_sqrs=SuUM(Temp)
1430 Irms=SQR(Isum_sqrs/Num_pts)
1440 PRINT “Irms";Irms
1450 MAT Temp= Current
1460 MAT Q= Temp<(0)
1470 MAT Q= Q*(-2)
1480 MAT Q= Q+(1)
1490 MAT Temp= Temp . Q
1

1510 lavg=SUM(Temp)/Num_pts
1520 PRINT “lavg";lavg
!

1540 I XXXXXXXXXXXXXXXX power calculations XXXXXXXXXXXXXXXXX
1550 !

1560 DIM Power(600)

1570 REDIM Power(1:Num_pts)

1580 MAT Power= Voltage . Current

1590 Pavg=SUM(Power)/Num_pts
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1600 Ppk=MAX(Power(*))

1610 PRINT "Pavg":Pavg

1620 PRINT “"Ppk®;Ppk

1630 !

1640 ! xxxxxxxxxxxxxx initialize graphics XXXXXXXXXXXXXXXXX
1650 1

1660 INTEGER |

1670 !

1680 GINIT

1690 VIEWPORT 10,120,45,85

1700 DEG

1710 GRAPHICS ON

1720 PEN 1

1730 CSIZE 3,.65

1740 1

1750 1| XXXXXXXXXXXXXX current graph XXXXXXXXXXXXXXXXXXXXXXX
1760 !

1770 ALPHA OFF

1780 Imax=2

1790 INPUT "Module width" Module_width

1800 ALPHA OFF

1810 WINDOW 0,Num_pts, - Imax*Module_width, Imax*Module_width
1820 LINE TYPE 1

1830  AXES Num_pts/8, .5*Module_width,Num_pts,0,2,1

1840 CLIP OFF

1850 LORG 2

1860 FOR Y_val=-Imax*Module_width TO Imax*Module_width STEP .5*Module_width
1870 MOVE Num_pts+5,Y_val

1880 LABEL Y_val

1890  NEXT Y_val

1900  MOVE Num_pts, ( Imax+.1)*Module_width

1910 LORG 7

1920  LABEL “CURRENT (Amps)"

1930 CLIP ON

1940 LINE TYPE 4

1950 MOVE 0,Current(1)

1960  FOR I=1 TO Num_pts

1970  PLOT I,Current(l)

1980 NEXT 1

1990 !

2000 !

2010  WAIT 2

2020 ! XXXXXXXXXXXXXXXXX voltage graph XXXXXXXXXXXXXX
2030 ¢

2040 Vmax=50

2050 WINDOW O,Num_pts,-Vmax,Vmax
2060 LINE TYPE 1

2070  AXES Num _pts/8,10,0,0,2,1
2080 CLIP OFF

2090 LORG 8

2100 FOR Y_val=-vmax TO Vmax STEP 10
2110  MOVE 0,Y_val

2120  LABEL Y_val

2130  NEXT Y_val

2140 MOVE 0,V_max

2150 LORG 1

2160  LABEL “VOLTAGE (VOLTS)"
2170 CLIP ON

2180 LINE TYPE 5

2190 MOVE 0,voltage(1)

2200 FOR I=1 TO Num_pts

2210 PLOT I,Voltage(l)

2220 NEXT 1

2230 WAIT 2

2240 1}

2250 | XXXXXXXXXXXXXXXX power graph XXXXXXXXXXXXXXXXX
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2260
2270
2280
2290
2310
2320

2330 !
2340 1

2350

2360 !

2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750

!
Pmax=30

WINDOW O,Num_pts,-Pmax*Module_uidth,Pmax*Module_uidth

LINE TYPE 1

! IPLOT 0,Pmax*Module_width,-1

CLIP OFF

!
]
! IPLOT 4,0,-1
! NEXT Y_val
LORG 8

FOR Y_val=5*Module_width TO Pmax*Module_width STEP S*Module_width
MOVE Num_pts/2,Y_val

FOR Y_val=10*Module_width TO Pmax*Module_width STEP 10*Module_width
MOVE Num_pts/1,Y_val

LABEL Y_val
NEXT Y_val

MOVE Num_pts/2, (Pmax+5)*Module_width

LORG 4

LABEL "“POWER
CLIP ON

LINE TYPE 1
MOVE O, Power

(Watts)™

o

FOR I=1 TO Num_pts

PLOT I,Power

NEXT 1
!

(1

I XXXXXXXXXXXXXXX print data labels XXXXXXXXxxx

VIEWPORT 1,133,1,45

WINDOW 1,80,
CSIZE 3.5,.6
LORG 2
Fmt1: IMAGE
Fmt2:
Fmt3:
MOVE 1,4

15,1

3X,15A,DD.DD,X,A,9X, 164,DD.DD, X, A
IMAGE 3X,9A,22X,13A
IMAGE 17X, 14A,DD.DD,X,5A

LABEL USING Fmt3;"“AVERAGE PWR = *,Pavg, "WATTS"

MOVE 1,7

LABEL USING Fmt1;“RMS VOLTAGE = ",Vrms,"V" “RMS CURRENT = ", Irms, HAY

MOVE 1,9

LABEL USING Fmt2;""“AVERAGE""" “EQUIV. SQUARE"

MOVE 1,10

LABEL USING Fmt1;" VOLTAGE = ",Vavg,"V", " WAVE CURRENT = “ Pavg*P[/80,"A"

MOVE 1,12
LABEL USING
PENUP

]

ALPHA OFF

PAUSE

END
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B.1.1.1.5 Power Probe Electronic Tool Documentation

B.1.1.1.5.1 General Description
The power probe electronic tool provides a convenient and accurate means of measuring the power
consumption of the module that is being tested.

The power probe electronic tool has an input and three outputs. The input is the primary side of a
transformer which is connected in series with either the "AC-A" or the "AC-B" side of the 40 kHz bus.
The transformer is used to convert the current into a voltage that is directly proportional to the current.

The other two outputs are voltage and a trigger circuit. The voltage output scales the 40 kHz bus
voltage using a resistive divider. The third output is a trigger circuit that marks the start of each cycle.

B.1.1.1.5.2 Schematic

In series with 40 kHz bus.

AuF Trig
500Q
L1%
21.5KQ v
2N2484
50Q
1%
21.5KQ

1N4150

¥ Core: Ferroxcube Corp, 204-XT-250/3E2A

Figure B-2. Power Probe Electronic Tool

B.1.1.1.5.3 Schematic Notes

The power probe electronic tool will be processing currents up to 4 amperes. Therefore, when building
the power probe electronic tool it is important to minimize contact resistance and wiring resistance.
Shorter and larger wire should be used to minimize the resistance in the construction of the power
probe electronic tool.
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B.1.1.1.5.4 Functional Verification
Functional Verification of current probe: the voltage output and the current output (scaled in volts)
need to be verified.

Place a 10 ohm, 1 %, 500 watt resistor across the output of the 40 kHz bus. The 10 ohm resistor can be
realized by placing ten 100 ohm 50 watt resistors in parallel. This resistor needs to be a low inductance
resistor with a good temperature coefficient. Resistors can be special ordered from C.T. Gamble,
Debonco, New Jersey. The specifications are as follows: wire wound, 100 ohm, 1%, inductance
< 1u Henry, temperature coefficient < 20 ppm/degree centigrade.

Caution: This load dissipates 73 watts. A heat sink must be used to dissipate the heat and prevent the
possibility of a burn.

Connect the input of the electronic tool in series with the resistive load. With the load in place,
measure the voltage at the output labeled current using a voltmeter.

Note: This measurement can only accurately be made with a resistive load in place.

The voltage at the current output should measure 1.080 volts RMS + /- 2%, (1% load and 1%
mainframes 27 VAC tolerances). The 1% error of the mainframe can be removed by calibrating the
mainframe to its nominal value 243 volts average. The sensitivity of the current output is
2.50 amps/volt.

To verify the voltage output, connect the voltmeter to the voltage output. The voltage will be slightly
less than 1.2273 volts RMS +/-1% (1% mainframe’s 27 VAC tolerance). 1.2273 volts is the no load
voltage. The loaded voltage will be slightly smaller because of the connector and wiring resistance.

Note: The backplane interface connector’s resistance is rated at 8.3 mf} per contact maximum. Wiring
resistance and inductance are a function of the size and length of wire used.

B.1.1.2 Module Transient Power Consumption Test

This test measures the increase in a module’s power consumption when a dynamic event occurs. An
example of this would be the spike in module power consumption occurring when a module draws a
spike of current to drive a relay. The load current drawn by the module is measured on a spectrum
analyzer. The spectrum analyzer is set to the frequency of the 40 kHz power supply with a zero Hertz
frequency span. Thus, when the spectrum analyzer sweeps, it measures the variation in amplitude of
the 40 kHz current versus time.

B.1.1.2.1 Equipment Needed

» Power probe electronic tool or current probe,

e Low Frequency Spectrum Analyzer (e.g., HP 71110C)

B.1.1.2.2 Test Procedure

This test measures the ratio between a module’s steady state power consumption and its peak transient
power consumption. Therefore, it will be necessary to perform the Module Steady State Power
Consumption Test first.

The setup for this test is shown in figure B-3. As in the steady state power measurement, the power
probe electronic tool is connected to the power supply so that a module’s load current can be
measured. Alternatively, a current probe may be used. The current output of the probe is connected to
the spectrum analyzer input.
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Module .
Under Test Mainframe
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Figure B-3. Transient Power Consumption Test Setup

The spectrum analyzer is set to the frequency of the 40 kHz power supply, with a span of 0 Hz. Thus,
as the spectrum analyzer sweeps, it will show the variations in the amplitude of the 40 kHz current
versus fime.

The spectrum analyzer must be set to trigger its sweep off some event that signals the change of state
of the module. This will cause the spectrum analyzer to begin its sweep as the module begins to draw
higher levels of current. For some modules, such a trigger output may be readily available. For others,
it may be necessary to access signals internal to the module to get an appropriate trigger. For instance,
a strobe line for latches that control mechanical switch drivers could be used if the switches’ transient
power consumption was to be measured. Or, if the module under test can be controlled over the GPIB
bus, a short program could be written to trigger a single sweep of the spectrum analyzer and then
change the state of the module.

Once the sweep has been taken, use the spectrum analyzer’s marker functions to measure the ratio of
the peak to steady state load current. Since the module’s steady state power consumption is already
known, calculating the transient power consumption is then an easy task. Suppose, for example, that
the module under test consumes 18 watts steady state. The spectrum analyzer indicates a steady state
current of 0.667 amps, with a peak current of 0.700 amps. The transient power consumption then is

.700A
667A

P = 18Wx = 18.9W
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If the steady-state power consumption test described in the previous section is not performed, this
technique can be used as an absolute module power consumption measurement. The absolute
amplitude accuracy of the spectrum analyzer will probably need to be calibrated to ensure reasonable
measurement accuracy. Even so, this power measurement technique does involve certain
approximations. The spectrum analyzer measures only the amplitude of the 40 kHz component of the
load current. Since the current is nominally a square wave, its spectrum will show a large number of
high level harmonics of 40 kHz. However, for the purposes of measuring module power consumption,
these harmonics can be ignored. This is because the power supply voltage is a relatively clean sine
wave, with only small levels of harmonics present. We can calculate the power consumption by
integrating the product of the voltage times the current over one cycle:

p=L1 }V(t) 1(t) dt
7%

This can be expanded as

2/ uy

[/
P = ;0 f Vocos(wot) [Ipcos(wot) + Ijcos(2wpt) + Ircos(3wot) +...] dt
0

Evaluating this integral shows that power is delivered only by the fundamental component of the
current. The 120 kHz, 200 kHz, and higher harmonics of current deliver no power to the load. Thus,
measuring the amplitude of the fundamental of the current is sufficient for calculating power
consumption. This approximation has been tested experimentally and has been found to yield an error
of less than 2% for typical modules.

B.12 Power Supply Regulation Tests
B.1.2.1 Module Load Current Sidebands Test

B.1.2.1.1 Equipment Needed
e MMS mainframe (e.g., HP 70001A)
o Current probe (e.g., Tektronix A6302)
» Low frequency spectrum analyzer (e.g., HP 71100C)

B.1.2.1.2 Test Procedure

The modulation load current sidebands test measures variations of the amplitude of the 40 kHz current
drawn by the module from the mainframe power supply. This can be observed in the frequency
domain by measuring the 40 kHz component of the module’s load current on a spectrum analyzer.
Variation in the amplitude of the load current will be seen as sidebands on the 40 kHz carrier. The
maximum level of these sidebands, relative to the maximum allowed amplitude of the 40 kHz carrier,
are shown in figure B-4.

March 18, 1992 Printing Modular Measurement System Specification ' Revision 1.0



Page 238 APPENDIX B

0dB T T T TTITT T
SIDEBAND CURRENT UMIT
dB RELATIVE TO _
-12 dB MAXIMUM ALLOWED
\“ UNMODULATED 40 kHz POWER
-23d8 ~ \
-40 dB N
N
\\
AN
\f\
-60 dB N
\\
i ,
Offset Frequency from 40 kHz Carrier J
-80 dB | Ll b L
10 Hz 100 Hz 250 Hz 300 Hz 10 kHz 24 kHz

Figure B-4, Maximum Sideband Limits

In order to measure the current drawn by the module power supply, it will be necessary to gain access
to the 40 kHz power bus. The easiest place to do this is at the module fuse.

The equipment setup for this test is shown in figure B-5. The module should be inserted into the
mainframe. Clip the current probe around either AC-A or AC-B. Set the module to the state that will
maximize the variation in its power supply current, and measure the sidebands of the 40 kHz carrier on
the spectrum analyzer. It is important to note that the sideband limits in figure B-4 are expressed
relative to the maximum unmodulated carrier. High levels of modulation will decrease the amplitude
of the carrier, because energy is transferred from the carrier to the sidebands. Measuring sidebands
relative to the carrier seen on-screen will therefore be inaccurate when the sideband levels are high.
For this reason, it is necessary to measure the sideband levels in absolute units, rather than relative to
the 40 kHz carrier. They should then be compared to the maximum 40 kHz current that the module
under test is allowed to draw. The maximum 40 kHz component of a module’s load current can be
calculated from the equation

1 = Power/27 volts

where 27 volts is the nominal rms power supply voltage, and the power is the maximum allowed power
consumption of the module under test.
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Figure B-5. Module Load Current Sidebands Test Setup

The distinction between the amplitude of the 40 kHz current and the maximum unmodulated current is
important. Figure B-4 shows that it is necessary to be able to measure sideband levels 12 dB below the
maximum allowed unmodulated current at offsets as low as 10 Hz. Using a spectrum analyzer with a 3
dB resolution bandwidth of 10 Hz, it is not possible to measure signals 12 dB below a carrier at this
offset. However, as mentioned above, if the current is modulated with sidebands of this level, the
amplitude of the carrier will be reduced. This will increase the dynamic range of the measurement,
making it possible to measure the sidebands at the required levels.

B.1.2.2 Mainframe Power Supply Dynamic Voltage Accuracy

This test measures variations in a mainframe’s power supply voltage caused by variations in modules’
load current. Since the mainframe power supply has a nonzero output impedance, variations in the
amplitude of the current drawn by modules will cause corresponding variations in the mainframe
power supply output voltage. If the variations are periodic, these will appear as sidebands on the 40
kHz power supply voltage. This test draws a periodically varying current from the mainframe and
measures the amplitude of the resulting sidebands.
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B.12.2.1 Equipment Needed
o Average detector ET, (construction details for this ET are given in section B.1.2.3).
« Nonlinear load ET, (construction details for this ET are given in section B.3.1.2.3).
 Network analyzer, 10 Hz to 10 kHz (e.g., HP 3577)
e Current probe, DC to 10 kHz (e.g., Tektronix A6302)
e Oscilloscope
o Electronic load (e.g., Transistor Devices DLP50-60-1000A Dynaload)
o 220 uF, 25 V electrolytic capacitor
¢ 1 ohm, 1/4 watt resistor
« Electronic load modulation circuit (described below)
» Optoisolator (e.g., General Instrument CNY65)
» 470 uF, 10 V electrolytic capacitor
e 2100 ohm, 1/4 watt resistors
¢ 1000 ohm, 1/4 watt resistor

B.1.2.2.2 Test Procedure

This test measures the impedance of the mainframe power supply. A rectifier is used to convert the 40
kHz power supply voltage to DC. An electronic load is connected to the rectifier’s output. The
amplitude of the load current is modulated by connecting the output of a network anmalyzer to the
electronic load’s modulation input. The average detector ET is used to detect the amount of ripple on
the power supply voltage. A current probe is used to measure the ripple current. By using the network
analyzer to measure the ratio of voltage to current, it is possible to get a direct measurement of the
impedance of the mainframe power supply as a function of the modulation frequency.

Set up the equipment as shown in figure B-6. The nonlinear load ET should be plugged into the slot
that is electrically farthest from the power supply. This will guarantee a worst case measurement, since
the impedance of the entire power distribution bus will be measured. The demodulator ET should be
plugged into the slot that is electrically the closest to the slot that the nonlinear load is in.
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Figure B-6. Mainframe Load Current Modulation Test Setup

The nonlinear load ET converts the 40 kHz power supply into a DC voltage. The output of the
nonlinear load ET is connected to the electronic load. Since the output of the nonlinear load is
differential and balanced with respect to ground, the electronic load’s input terminals must float with
respect to ground. This means that the modulation signal applied to the electronic load’s modulation
input terminals must float with respect to ground also. The interface circuit shown in figure B-6
between the network analyzer and the electronic load will accomplish this. An optoisolator is used to
transform the ground-referenced output of the network analyzer into a floating signal.

The "A" channel input of the network analyzer is connected to the output of the average detector ET.
This ET rectifies and filters the 40 kHz power supply voltage, producing a video output proportional to
the average value of the 40 kHz waveform. The "R" channel input is connected to the output of the
current probe, which measures the current at the nonlinear load ET output.

It may be necessary to connect a capacitor across the output terminals of the electronic load. If the
capacitor is not present, the load will see the relatively high output impedance of the nonlinear load ET
and may oscillate. It has been found that a 220 uF aluminum electrolytic capacitor in series with a one
ohm resistor across the output terminals of the Transistor Devices load is sufficient to ensure stability.
Note that capacitor should be placed between the current probe and the electronic load, rather than
between the current probe and the ET. Improper placement will cause an incorrect current
measurement.
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To configure the system for the measurement, adjust the electronic load so that the nominal load
current is half of the maximum rated current of the mainframe. Set the output level of the network
analyzer to the desired amplitude. Connect the output of the current probe to an oscilloscope, and to
the network analyzer "A" input. Adjust the gain of the current probe amplifier as high as possible,
while making sure that the waveform on the oscilloscope is not distorted.

Sweep the frequency of the network analyzer from 10 Hz to 10 kHz. A display of the ratio A/R will
display the impedance of the mainframe as a function of modulation frequency. It will be necessary to
account for the gain of the current probe amplifier and the gain of the average detector in order to
calculate the absolute magnitude of the impedance measured. For instance, suppose that at a
modulation frequency of 5 kHz, we measure 5 mV at the average detector output, and 100 uV at the
current probe output with the current probe scale set to 2A = 10 mV. Since the average detector ET
has a gain of 1/2, we would calculate the impedance as follows:

I = 100 uV x (2A/10mV) = 20 mA
V=5mVx2=10mV

Z=V/I=10mV/20mA =050

The impedance measured as a function of modulation frequency should be less than the limits shown in
figure B-7.

The maximum allowable impedance of the mainframe can be calculated from the mainframe
specification for dynamic voltage accuracy (table 3-1) and the module specification for module load
current variation (figure 3-4). The mainframe’s output voltage must vary by less than the dynamic
voltage accuracy specification when subjected to variations in module load current. The maximum
mainframe impedance versus the rate of load current variation is shown in figure B-7. Z, for a given
mainframe can be calculated from the equation

2x AX(24.3)°
Zy = P

where Pg,, is the mainframe’s maximum specified output power, and A is the maximum dynamic
voltage accuracy of the mainframe. For example, for a 200 watt mainframe with a dynamic voltage
accuracy specification of * 1%,

2 (0.01) x (243)* _

9 mfl
200

ZO=
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Figure B-7. Mainframe Output Impedance

B.1.2.3 Construction Procedure for the Average Detector ET

This ET is used to measure the average value of the 40 kHz power supply voltage. The circuitry
rectifies the 40 kHz voltage and low pass filters the rectified waveform, producing a DC output equal
to the one-half the average amplitude of the power supply voltage.

A schematic of the ET is shown in figure B-8. The ET should be built into a one slot width module.
Note that the common node of the circuitry is not connected to chassis ground, but is rather tied only
to the 40 kHz return on the backplane interface connector.
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To calibrate the ET, insert it into an empty mainframe. Since the amplitude of the mainframe’s power
supply is specified to be accurate within two percent, we can use this to calibrate the gain of the
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average detector. Adjust the potentiometer until the output of the ET is 12.15 volts. Since the nominal
average power supply voltage is 24.3 volts, the average detector has a gain of 0.5. This gain must be
taken into account when using the ET.

The accuracy of this calibration method should be sufficient for the tests described in appendix B.2. If
a more accurate calibration of the average detector ET is desired, it may be calibrated using the test
procedure described in appendix B.1. That appendix describes a technique for making accurate
measurements of mainframe power supply average voltage, which may then be used to calibrate the
ET.

B2 Magnetic Field Emissions and Susceptibility

B2.1 Emissions from Modules and Mainframes

The measurement of magnetic field emissions is a two step process. The first step is to develop the
probes necessary for the test. The second is to perform the actual measurement.

When developing or procuring the probes for the test, the following factors should be kept in mind:

1. The probes must have sufficient sensitivity to be able to make the measurements to the desired
limits.
2. The probes must be able to make the measurements over the frequency range of interest. In

general, there is a trade off between sensitivity and high frequency response. Because of this, it
may be necessary to use multiple probes to cover the entire frequency range.

3. The probes must be small enough. The output of a magnetic field probe is typically proportional
to the average magnetic field through its measurement aperture. If the magnetic field varies
rapidly over small distances, the probe’s output will show the average value over its measurement
aperture, rather than the peak. This will result in lower readings. Therefore, the size of the
probe should be as small as possible. Unfortunately, a small probe is in general less sensitive
than a larger one. The maximum allowable size of the probe is specified in rule 8.1.1.1.1-1 for
modules, and rule 8.2.1.1.1-1 for mainframes.

4. The probes must have a known sensitivity and frequency response. If appropriate probes can be
purchased with a specified sensitivity across the measurement band, this is simple. Otherwise, it
will be necessary to find the sensitivity of the probe. This can be measured by immersing the
probe in a uniform plane wave of known strength, and measuring the output. At low frequencies,
it may be possible to calculate the sensitivity of some probes with good accuracy through the laws
of electromagnetics. At higher frequencies, this may be more difficult.

5. The design of the probe should be such that the measurement aperture can be placed close to the
module surface. The strength of the magnetic fields emitted by modules typically falls off very
rapidly with distance. Unless the measurement is made close to the module surface, the results
will be inaccurate.

6. The probe should be designed to be insensitive to E-fields. Since the emissions of modules are
predominantly magnetic, superior E-field rejection is not necessary. Nevertheless, probes that
offer some degree of E-field rejection should yield more repeatable and more accurate results.
Balancing or shielding of the probes may be used to achieve this.
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Given these constraints, there are several options. HP 11940A and 11941A probes may be used.
Unfortunately, these probes are physically large. This makes it difficult to fit them into a mainframe
along with a module in order to make the measurement. For one slot width modules there should be
enough room to do this. The EMCO #7405 Near Field Probe Set may also be usable. A module
designer could also develop his own probes.

B.2.1.1 Measurement

B.2.1.1.1 Equipment Needed
» 10 Hz to 1 GHz magnetic field probes,
¢ 10 Hz to 1 GHz preamplifier,
¢ 10 Hz to 1 GHz spectrum analyzer (e.g., HP 71100C).

If a module is to be tested, it should be placed alone in a mainframe. If other modules need to be used
to operate the module for this test, they should be in a second mainframe with appropriate connections
running between the modules. The module under test should be placed so that its MSIB connector is
in the fifth slot from the left of the MMS mainframe, if possible.

If a mainframe is to be tested, it should contain no modules.

Using the appropriate probe for the frequency range being tested, move the probe over the surface of
the module or mainframe. Where high levels of emissions are found, rotate the probe until the
maximum reading is recorded. The probe should be moved over both the left and right sides of the
module or mainframe carefully, paying particular attention to holes and seams. The level of emissions
recorded must not exceed the limits shown in figure B-9.
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Figure B-9. Close-field Magnetic Emission Limits

Emissions are specified for the left side and right side of the module only. Emissions are not specified
for the top, bottom, front, or rear module surfaces.

B22 Susceptibility of Modules and Mainframes

The measurement of magnetic field susceptibility is a two step process. The first step is to develop the
probes necessary for the test. The second step is to perform the actual measurement.

When developing or procuring the probes for the test, the following factors should be kept in mind:

1. The probes must be able to generate sufficient field strength to be able to test susceptibility to
the desired limits.

2. The probes must work over the frequency range of interest. In general, there is a trade off
between sensitivity and high frequency response. Because of this, it may be necessary to use
multiple probes to cover the entire frequency range.

3. The probes must be large enough. The magnetic field generated by a probe falls off rapidly with
distance. In general, the smaller the probe, the more rapidly the field strength will decay. For
this reason, probes with extremely small apertures will not generate fields that extend far into the
module under test. The minimum allowable size of the probe is specified in rule 8.1.1.2.1-1 for
modules, and rule 8.2.1.2.1-1 for mainframes.
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4. The probes must have generate a known field strength over the frequency band of interest. This
can be done by measuring the field strength generated with a second, calibrated probe. At low
frequencies, it may be possible to calculate the field strength generated by simple probes with
good accuracy using the laws of electromagnetics. At higher frequencies, this may be more
difficult.

5. The design of the probe should be such that the measurement aperture can be placed close to the
module surface. The strength of the magnetic fields generated by probes typically falls off rapidly
with distance. Unless the measurement is made close to the module surface, the results will be
inaccurate.

6. The probe should be designed to be generate minimal E-fields. It is expected that most modules
will not be overly sensitive to electric field emissions. Nevertheless, probes that offer some
degree of E-field rejection should yield more repeatable and more accurate results.

Given these constraints, there are several options. HP 11940A and 11941A probes may be used.
Unfortunately, these probes are physically large. This makes it difficult to fit them into a mainframe
along with a module in order to make the measurement. For one slot width modules there should be
enough room to do this. The EMCO #7405 Near Field Probe Set may also be usable. Note that none
of these probes specify their sensitivity when they are used to produce magnetic fields. Finally, the
module designer could develop his own probes.

B.2.2.1 Measurement

B.2.2.1.1 Equipment Needed
« 10 Hz to 1 GHz magnetic field probes,
10 Hz to 1 GHz preamplifier,
» 10 Hz to 1 GHz source.

To perform the close-field magnetic susceptibility test on a module, the module must be in a
mainframe alone. If other modules need to be used to operate the module for this test, they should be
in a second mainframe with appropriate connections running between the modules. The module under
test should be placed so that its backplane interface connector is in the fifth slot from the left of the
MMS mainframe, if possible.

If a mainframe is to be tested, it should contain no modules.

Set the output of the amplifier to a level sufficient to generate a field strength 10 dB to 20 dB higher
than the specification limit. Set the frequency range of the signal source to the appropriate range for
the probe being used.

Using the appropriate probe for the frequency range being tested, move the probe over the surface of
the module or mainframe. Simultaneously, monitor the performance of the module or mainframe
under test. At locations where performance degradation is found, adjust the power output of the
amplifier until performance is degraded to the limits of the products specification. This magnetic field
strength must not be less than the susceptibility limits defined in figure B-10.
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Figure B-10. Close-field Magnetic Susceptibility Limits

Susceptibility is specified for the left side and right side of the module only. Susceptibility is not
specified for the top, bottom, front, or rear module surfaces.

B3 Power Bus Conducted Emissions and Susceptibility

B3.1 Mainframe Power Bus Conducted Emissions and Susceptibility

B.3.1.1 Mainframe Power Bus Conducted Emissions
The mainframe power bus conducted emissions tests consists of three parts. These measure different
aspects of the power bus’s performance. These tests measure:

1. Harmonics of the 40 kHz power supply waveform
2. Nonharmonic spurious signals
3. Ripple on the 40 kHz power supply waveform

The first two tests are described in this section. The third test, which measures power supply ripple, is
described in the section B.1.2.2.
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B.3.1.1.1 Equipment Needed
The following equipment will be necessary for these tests:

« Spectrum analyzer, 100 Hz to 200 MHZz response (e.g., HP 71100C),

¢ Mainframe Emissions Electronic Tool (ET); construction details for this ET are described in
section B.3.1.14.

B.3.1.1.2 Power Supply Harmonics Test

The mainframe supplies power to modules in the form of a 40 kHz AC voltage waveform. Harmonics
of this voltage are measurable well into the megahertz region. The harmonic content of the signal is
measured with the mainframe emissions ET. The construction of this ET is described in section
B.3.1.14. The ET provides access to both the AC-A and AC-B phases of the power supply. The
harmonic content of both phases can then be measured with a spectrum analyzer. Since the power
supply voltage is nominally 24.3 volts AC average across the phases, it is necessary to attenuate this
signal before it is connected to the spectrum analyzer used to measure the harmonics. The ET
provides 29.6 dB of attenuation.

To make the measurement, the ET is inserted into the mainframe under test. In order to ensure
consistency of results, the slot into which the ET is inserted needs to be specified. For this test, the ET
should be inserted into the slot immediately to the left of center in the mainframe. For instance, in an
eight slot mainframe, the test is performed in the fourth slot from the left. No other modules should
be in the mainframe whean the test is performed.

The voltage at the AC-A and AC-B outputs of the ET are measured on the spectrum analyzer. The
harmonic levels, relative to the fundamental, must not exceed the Limits in figure 8-8.

B.3.1.1.3 Non-Harmonic Spurious Test

1t is also possible to have signals present on the power supply bus which are not harmonically related to
the power supply fundamental. Experience has shown that these signals typically appear on AC-A and
AC-B common mode with respect to ground. This test therefore measures the level of non-harmonic
common mode signals on the power bus.

The mainframe emissions ET, described in section B.3.1.1.4, is used to make this measurement. As in
the power supply harmonics measurement, the ET is inserted into the mainframe slot immediately to
the left of center. The common mode output of the ET is measured on the spectrum analyzer. Note
that since the common mode output has 29.6 dB of attenuation, 29.6 dB must be added to the
measurement results to calculate the correct signal level.

It will be possible to observe many harmonics of the power supply voltage during this test. Since this
test is only for non-harmonic signals, these should be ignored. The specification limits for non-
harmonic spurious are shown in figure B-11.
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Figure B-11. Mainframe Common Mode Spurious

B.3.1.1.4 Construction Procedure for the Mainframe Emissions ET
The mainframe emissions ET is used to measure voltage disturbances on the mainframe power bus. It
provides attenuated outputs for both phases of the power bus, as well as a common mode output.

A schematic of the ET is shown in figure B-12. The ET should be built in a one slot width module
frame. Since the ET will be used at frequencies as high as 200 MHz, good high-frequency construction
techniques should be used.
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Figure B-12. Mainframe Emissions ET

A potentiometer is provided to balance the common mode output. This is adjusted by inserting the ET
into a mainframe and connecting the ET’s common mode output to a 50 ohm oscilloscope. Adjust the
potentiometer until the minimum signal level is displayed on the oscilloscope.

This ET is designed to attenuate the signals on the power bus to prevent overloading the spectrum
analyzer used to make the measurements. Because of this, the user must add a calibration factor to the
measured output. This correction factor is 29.6 dB for all outputs.

B.3.1.2 Mainframe Power Bus Conducted Susceptibility

The quality of the 40 kHz power signal provided by a mainframe is influenced by the characteristics of
the modules that use that power. Because the degradation caused by one module can affect the
performance of another module, it is necessary to specify the susceptibility of the mainframe to this
type of performance degradation. These tests measure:

1. Susceptibility to harmonics of modules’ non-sinusoidal load current
2. Susceptibility to non-harmonic spurious current
3. Susceptibility to load current modulation

The first two tests are described in this section. The third test, which measures ripple induced on the
power supply by varying module loads, is described in section B.1.2.2.
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B.3.1.2.1 Mainframe Power Supply Harmonic Susceptibility

B.3.1.2.1.1 Equipment Needed
+ Nonlinear Load ET; construction details for this ET are described in section B.3.1.2.3,
¢+ Mainframe Emissions ET; construction details for this ET are described in the section B.3.1.1.4,
e Current Probe: DC-10 MHz Response (e.g., Tektronix A6302)
o Electronic load (e.g., Transistor Devices DLP50-60-1000A Dynaload)
e Spectrum analyzer, 100 Hz to 10 MHz (e.g., HP 71100C)

B.3.1.2.1.2 Test Procedure

Ideally, the voltage present on the mainframe power bus is a perfect 40 kHz sine wave. However,
harmonics of this sine wave are also present. The level of these harmonics is affected by the modules
present in the mainframe. This is because the load current drawn from the power supply is highly
nonlinear, and therefore the current drawn by modules contains significant current at harmonics of the
40 kHz fundamental. Because the mainframe has a non-zero output impedance, these harmonics of
the fundamental current can generate voltages on the bus at harmonics of the fundamental voltage.

This test will measure the large-signal impedance of the mainframe’s power bus at harmonics of the
power supply frequency. Since the harmonic content of modules’ load current is specxfled, a proper

impedance specification will guarantee that the worst-case levels of voltage harmonics appearing on the
bus fall within acceptable limits.

The test is performed by placing a well-defined non-linear load on the power supply bus. The current
drawn by the load is measured, as well as the voltage induced on the bus by the load. These
measurements are made at several harmonics of the 40 kHz fundamental. Based on these
measurements, the impedance of the bus is calculated.

The non-linear load ET is designed to produce a load current waveform that closely approximates an
ideal square wave. Fast recovery diodes are used in the rectifier to minimize spikes generated during
switching. A large filter inductor is used to reduce the amount of ripple in the rectified load current.
An electronic load is connected to the output of the ET, and the load current is adjusted to the
maximum specified current for the mainframe.
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Figure B-13. Mainframe Power Supply Harmonic Susceptibility Test

The equipment setup for this test is shown in figure B-13. The mainframe emissions ET should be
inserted into the mainframe. In order to ensure consistency of results, the slot into which the ET is
inserted must be specified. For this test, the mainframe emissions ET should be inserted into the slot
immediately to the left of center in the mainframe. For instance, in an eight slot mainframe, the ET
would be inserted into the fourth slot from the left. The non-linear load ET should be inserted in the
slot immediately to the right of this.

The output of the non-linear load ET is connected to the electronic load. The current drawn by the
electronic load is adjusted so that the mainframe is supplying its maximum rated power to the load.
200 watts _ 8.23 Amps

24.3 volts

The next step is to measure the different frequency components of the current drawn from the
mainframe. The current probe is clipped around the lead that is routed through the rear panel of the
nonlinear load. The output of the current probe amplifier should be monitored on a 50 ohm
oscilloscope, and the amplifier gain should be adjusted as high as possible without causing distortion of
the waveform. The output should then be connected to the spectrum analyzer. The spectrum analyzer
will show a current spectrum rich in high order harmonics. The levels of these harmonics should be
recorded at as many frequencies as is necessary to guarantee compliance with the specification.

For example, with a 200 watt mainframe, the load current would be set to

The mainframe’s power supply voltage is next measured at these same frequencies. The best way to
measure the differential voltage between AC-A and AC-B is to connect a short between the AC-A and
AC-B outputs of the mainframe emissions ET. By clipping the current probe around the shorting wire,
it is possible to measure a current that is proportional to the voltage between the phases. The output
of the probe amplifier should again be monitored on the oscilloscope and the amplifier gain should be
set to the highest possible level that does not distort the waveform. Next, connect the probe amplifier
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output to the spectrum analyzer. Measure the amplitudes of the harmonics at the same frequencies at
which data was recorded before. Then calculate the power supply voltage at each of these frequencies
from the recorded data. The differential voltage can be calculated by multiplying the measured current
by 2940 ohms, the internal impedance of the ET.

From this data it is possible to calculate the impedance of the mainframe power supply at the
frequencies for which data was recorded. Divide the measured voltage by the measured current at
cach frequency. The result will give the power supply’s differential large signal impedance at that
frequency. This data is checked against the specification limits in figure B-14.
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Figure B-14. Mainframe Harmonic Impedance

B.3.122 Mainframe Power Supply Non-Harmonic Susceptibility

B.3.1.2.2.1 Equipment Needed
» Mainframe Emissions ET (construction details for this ET are described in section B.3.1.1.4,
¢ Current Injection ET (construction details for this ET are described in section B.3.1.2.4,
» Low Frequency Current Probe: DC-50 MHz Response (e.g., Tektronix A6302)

» High Frequency Current Probe (construction details for this probe are described in section
B3.123)

o Network Analyzer, 100 Hz to 200 MHz (e.g., HP 3577)
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B.3.1.2.2.2 Test Procedure

The purpose of this test is to measure the susceptibility of the mainframe power supply to spurious
power supply currents generated in modules. Because the impedance of the mainframe power supply
is non-zero, these spurious currents cause corresponding spurious voltages to appear on the power
supply bus. Since the magnitude of modules’ spurious current emissions is specified, a proper
mainframe impedance specification will insure that the worst-case spurious mainframe power supply
voltages fall within acceptable limits.

Experience has shown that these spurious currents are primarily common mode on AC-A and AC-B.
For this reason, the test measures only the common mode power supply impedance.
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Figure B-15. Mainframe Power Bus Non-Harmonic Susceptibility Test

The equipment setup for this test is shown in figure B-15. The mainframe emissions ET should be
inserted into the mainframe. In order to insure consistency of results, the slot into which the ET is
inserted must be specified. For this test, the ET should be inserted into the slot immediately to the left
of center in the mainframe. For instance, in an eight slot mainframe, the ET would be inserted into the
fourth slot from the left. The current injection ET should be inserted into the slot immediately to the
right of this.

The output of the network analyzer is connected to the source input of the current injection ET. The
common mode output of the mainframe emissions ET is connected to the channel A input. The
current probe is clipped around the wire loop which is routed through the front panel of the current
emissions ET. The appropriate probe should be used for the frequency range being tested: the low
frequency current probe should be used up to 50 MHz, and the high frequency current probe should be
used between 50 MHz and 200 MHz. The output of the current probe is connected to the channel R
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input of the network analyzer. By displaying an A/R ratio on the spectrum analyzer, it is possible to
perform a direct impedance measurement. A calibration factor will need to be calculated for the
current probe sensitivity and the attenuation of the mainframe emissions ET’s common mode output.
The impedance measured should be below the limits of figure B-16.
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Figure B-16. Mainframe Common Mode Qutput Impedance

B.3.12.3 Construction Procedure for the Nonlinear Load ET
The nonlinear load ET is used to place a controlled and well-defined load on the mainframe power

supply. The load current drawn from the mainframe by this ET is a good approximation of a square
wave.

The ET is built in a two slot width module. A schematic for the ET is shown in figure B-17. The
diodes rectify the 40 kHz power supply waveform, and the transformers low pass filter the diode’s
rectified output. Because of the large currents flowing through the rectifiers, they should be mounted
to the module frame to minimize their temperature rise.
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- )‘\

Route this lead outside the module in a small
1,12 AC-A loop for access with the current probe.

|

Backplane
interface
Connector #1

30,40 AC-B

4
/

: 1,12 AC-A /
Backplane
Interface

Connector #2
30,40 AC-B

Diodes: Philips BYV29-500

Transformers: See text

Figure B-17. Nonlinear Load ET

The transformers are wound on Ferroxcube 3622 pot cores, part number 3622PA160-3C8. The part
number for a two section bobbin for this core is 3622F2D. Each winding is 14 turns of 17 gauge
stranded magnet wire. The module’s +Qut and -Out terminals should be banana plugs, as they will
have to pass several amperes of current.

The individual backplane interface connectors are rated for a maximum load of 100 watts each.
Therefore, if a 200 watt mainframe is to be tested, two connectors should be used and wired in parallel.
A single connector may be used, but at the risk of damaging the mainframe’s connector.

When using this module, it will be necessary to use a current probe to measure the current drawn by
the module. For this reason, the wire carrying the module’s input current is looped outside the module
itself. This provides a convenient place to attach a current probe to the wire.

B.3.1.2.4 Construction Procedure for the Current Injection ET
The current injection ET is used inject a common mode signal into both phases of the 40 kHz power
bus. A schematic for the ET is shown in figure B-18.

Because the grounding method used will affect the measurement results, it is important that
grounding for this circuit be done in a consistent way. For this reason, the ET should be built into a
one slot width module.
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Route Wire Loop Outside Module
“"for Current Probe Access

215Q .1 W

Signal N L MS1B
Input S Connector

Figure B-18. Current Injection ET

The test using the current injection ET requires that the current into the ET be measured. Because of
this, the wire carrying the input signal in the ET is looped outside the module. This provides a
convenient place to connect a current probe.

A potentiometer is provided to adjust the balance of the circuit. To perform this adjustment, insert the
module into a mainframe. Connect the signal input to a 50 ohm oscilloscope. Adjust the
potentiometer until the minimum signal level is displayed on the oscilloscope.

B32 Module Power Bus Conducted Emissions and Susceptibility

B.3.2.1 Module Power Bus Conducted Emissions

This test measures the current drawn from the mainframe by the module under test. To reduce
interference between different modules using the bus, the conducted emissions of each module must be
tested.

In order to maintain standard grounding, it is important for the module under test to be in a
mainframe when the test is performed. The current can be measured by putting the current probe
around an appropriate point in the module power supply. It may be convenient to replace the module
fuse with a short wire, and to attach the current probe here. Note that there should be no electrical
components, such as capacitors or resistors, between the measurement point and the mainframe. If
there are, for example, filter capacitors between the measurement location and the mainframe, the
measurement will be inaccurate.
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B.3.2.1.1 Equipment Needed
o Low Frequency Current Probe: DC-50 MHz Response (e.g. Tektronix A6302),

» High Frequency Current Probe, 50-200 MHz (construction details for this probe are described in
section B.3.1.2.3,

« MMS mainframe (e.g., HP 70001A),
o Spectrum analyzer, 100 Hz to 200 MHz (e.g., HP 71100C).

B.3.2.1.2 Test Procedure

There are three distinct specifications for module conducted emissions:
1. Emissions that are harmonics of the 40 kHz load current waveform,
2. Spurious emissions that are not harmonically related to the load current waveform,
3. Modulation sidebands on the 40 kHz load current waveform.

Procedures for tests one and two are described below. The measurement procedure for test three is
described in the section B.1.2.1.

The hardware setup for each of these measurements is similar; refer to figure B-19. The module under
test is inserted into the mainframe. For measurements below 50 MHz, the low frequency current
probe is used to measure current through the leads. The output of the current probe’s amplifier is
monitored on the spectrum analyzer. For measurements above 50 MHz, a high frequency current
probe must be constructed; refer to section B.3.1.2.3 for more information. For these measurements,
either the AC-A or AC-B loop is routed through the center of the probe, and the probe’s output is
monitored directly on the spectrum analyzer. It will be necessary to remove one probe from the loop
when the other one is being used, as the extra series impedance caused by the presence of the second
probe could affect the measurement results.
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Figure B-19. Module Conducted Emissions Test Setup

When using the low frequency current probe, the output should be monitored on an oscilloscope. This
is necessary to prevent clipping in the amplifier. The gain of the amplifier should be adjusted as high
as is possible without distorting the waveform shown on the oscilloscope.
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40 kHz Harmonics: Limits for 40 kHz harmonically related conducted emissions are shown in figure
B-20. The amplitude of a module’s harmonics is proportional to its power consumption.
Therefore, the specification limits for harmonics levels are set relative to the module’s specified
power consumption. Because the power supply load presented by the module to the mainframe
is balanced, identical results should be obtained when measuring current in AC-A and AC-B. It
is therefore only necessary to measure the current in AC-A for this test. For this test, the
measurement bandwidth should be at least 5 kHz so that any significant modulation sidebands
are included. Otherwise, the measured emissions could be lower than the actual levels.

These limits are specified relative to the maximum allowed 40 kHz current drawn by the module.

The approximate amplitude of the 40 kHz component of a module’s load current can be
calculated from

peak
avg

9 RMS
peak

Lioktiz RMs = Lavg X

sine sinc

P 1
I40kHzRMS = —2'2.5 X [%] X [*\/—__2—] Volts

where P is the specified module power consumption in watts.

0dB

a0k /N R
50kHz | | [IN_| -20 dB/decade
\\
N
-20 dB
794.3 kHz
-24 dB N
™\
-40 dB
N
N
\ -40 dB/decade
-60 dB N
Harmonically Related \
Conducted Emissions N
Limits Relative to
40 kHz Fundamental
-80 dB
N
N
-100 dB
N
\
Frequency
1 §ft1l
10 kHz 100 kHz 1MHz 10 MHz 100 MHz

Figure B-20. Module 40 kHz Harmonic Conducted Emissions Limits Relative to 40 kHz Current

Where the limits of figure B-20 fall below the limits of figure B-21, the limits of figure B-20 shall
apply.
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Non-harmonic Emissions: Limits for power supply non-harmonic spurious emissions are shown in
figure B-21. Experience has shown that these emissions are primarily common mode.

+80
+60

+40

+20

Non Harmonically Related Emissions Limit
O e 1mA
\
N
™
-20
Frequency
I NS
100 Hz 1 kHz 10 kHz 100 kHz 1MHz 10 MHz 100 MHz

Figure B-21. Module 40 kHz AC Supply Conducted Emissions Limits

For this reason, the test measures only the common mode non-harmonic currents. Common
mode currents can be measured by routing the wire loops for both the AC-A and AC-B phases
throughout the current probe simultaneously. Be sure that both wires run through the probe in
the same direction, or the probe will measure differential mode instead of common mode
currents. It may be necessary to temporarily splices smaller gauge wires in series with the
current loops so that both will fit within the current probe simultaneously. These should be
removed when the test is completed.

B.3.2.1.3 Construction and Calibration of High Frequency Probe

The low frequency probe specified for current measurements has insufficient high frequency response
to measure module current emissions over the full frequency range of the specification. It will
therefore be necessary to construct another probe to cover the upper portion of the frequency range.
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B.3.2.1.3.1 Construction

The high frequency current probe is constructed by winding a transformer on a toroidal core. Seven
turns of 32 gauge magnet wire are wound around two small ferrite toroids (Krystinel L21-6K3F-1Q/1).
A small 51.1 ohm resistor is soldered in parallel, and the leads are then soldered to an SMB connector

(figure B-22). Good high frequency construction techniques should be used, and all leads should be
kept as short as possible.

e 9 Turns
Krystinel /&f 32 Gauge
L21-6K3-1Q/1 ~——r _ ;g Magnet Wire
(X2) /’

SMB
Connector

5110 _—

Resistor

Figure B-22. High Frequency Current Probe

B.3.2.1.3.2 Calibration

To measure current with this probe, a wire carrying the current to be measured is threaded once
through the center of the core. The sensitivity of the probe can be measured by connecting the probe
to a network analyzer as shown in figure B-23. The network analyzer’s output is terminated in a
51.1 ohm resistor. One lead of this resistor is routed through the center of the current probe. The
current probe’s output is connected to the network analyzer’s input. The current through the 51.1 ohm
resistor can be calculated from the power delivered to it. A conversion factor for input current to
output power can then be calculated for the probe.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



APPENDIX B Page 265

Network
Analyzer
Output

51.1 10
Resistor

‘:Network
Analyzer
Input

Figure B-23. High Frequency Current Probe Calibration

B.3.2.2 Module Power Bus Conducted Susceptibility
In this test, a voltage is induced on the 40 kHz power supply bus. The module under test is monitored
for performance degradation.

Transformers will be wound to induce a voltage into the module power supply leads. It will be
necessary to gain access to the module’s 40 kHz power supply for this test. It may be convenient to
replace the module fuse with a short wire, and to attach the transformers here. Note that there should
be no electrical components, such as capacitors or resistors, between the measurement point and the
mainframe. If there are, for example, filter capacitors between the measurement location and the
mainframe, the measurement will be inaccurate.
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B.3.2.2.1 Equipment Needed
e MMS mainframe (e.g., HP 70001A),
« High frequency transformer (described below),
« Low frequency transformer (described below),
o Low frequency spectrum analyzer (e.g., HP 71100C),
» 100 Hz to 200 MHz signal source (e.g., HP 8656),
e 40 kHz notch filter (described below).

B.3.2.2.2 Construction of High and Low Frequency Transformers

Two transformers will be used to inject signals into the power supply bus: a high frequency
transformer for the 100 kHz to 200 MHz frequency range and a low frequency transformer for 100 Hz
to 100 kHz.

High Frequency Transformer: For the primary, wind 20 turns of 28 gauge magnet wire on a ferrite
toroid. Use Fair-Rite Part number 5943000201 for the toroid. Solder a 10 1 resistor in series
with the primary leads, and then solder a bulkhead-mount SMB connector (M/A-Com 5164-
5005-09) to the leads. Using the same gauge wire, wind a one-turn secondary on the same core
(figure B-24). Solder the leads of this winding to a similar SMB connector. Thread a section of
heavy-gauge wire through the center of the core. This wire will carry the module’s full load
current, so make sure it is heavy enough.

20 Turns

28 Gauge
1 Turn

Voltage
Sense

Figure B-24. High Frequency Transformer

In order to contain magnetic fields from the transformer, it will be necessary to mount this entire
assembly inside a metal can. Drill two boles for the SMB connectors in an appropriately sized
can (Hudson Tool & Die HU-5794-.562-ST can and HU-5794-CA-CRS lid). Also make two
small holes to thread the heavy wire through. The transformer assembly should be mounted
inside this can. Solder the lid to the can.

It will probably be necessary to build a 40 kHz notch filter to use with this transformer. The
purpose of this filter is to protect the signal source used to drive the transformer from the 40 kHz
signal. The filter shown in figure B-25 should be sufficient to protect most sources. It should be
built in a metal can for shielding.
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Capacitors: 0.4 UF, Mylar

Inductors: 40HH

16 1/2 turns 26 AWG
on Ferroxcube

RM5 3B7 AL160 Core
(#RM5PA160-3B7)

Figure B-25. Low Pass Filter
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To
Transformer

Low Frequency Transformer: For the primary, wind 300 turns of 28 gauge magnet wire on an RM10
bobbin (TDK BRM-10-7110SD) (figure B-26). Use a TDK H7C1 RM10Z-12 core. Wind two
one-turn secondaries with 22 gauge magnet wire. One of these secondaries will be used to
monitor the induced secondary voltage. The other will be used to induce a voltage in the power
supply. Solder a 1 kQ resistor in parallel with the primary leads, and then connect a 10 1 resister
in series with an SMB connector to the primary. Solder the leads of one of the secondaries to
another SMB connector. This transformer will be used over the frequency range of 100 Hz to
100 kHz. Because of the higher turns ratio for this transformer, a notch filter will probably not

be necessary.
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Voltage

24 Gauge
Output k/ Sense

1 Turn
24 Gauge

~~~__ 300 Turns

28 Gauge

Figure B-26. Low Frequency Transformer

B.3.2.2.3 Test Procedure

APPENDIX B

This test measures the susceptibility of the module under test to spurious signals induced onto the

power supply.

The module under test is inserted into the MMS mainframe. A transformer is inserted in series with
either the AC-A or AC-B power supply leads. A signal generator is connected to the transformer to
induce a voltage on the power supply, and this voltage is monitored at the transformer’s secondary with

a spectrum analyzer (figure B-27).
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Figure B-27. Conducted Susceptibility Test Setup

Signal
Y Source

Specification lirnits for this test are shown in figure B-28. The signal generator amplitude should be
adjusted until the voltage induced in the secondary is approximately 20 dB above the specified limits.
The performance of the module under test is monitored while the frequency of the signal generator is
swept over the frequency range of the transformer being used. Where performance degradation is
found, adjust the output of the signal generator until performance is degraded to the limits of the
module’s specifications. Record the signal voltage measured by the spectrum analyzer on the
secondary at this point, and compare it to the specification limit. The test should be run twice, once
with the transformer inserted in each phase of the power supply.
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Figure B-28. Module Power Supply Conducted Susceptibility Limit

BA Mainframe Microphonic Vibration Test

BA.1 Equipment Needed
o Dynamic Signal Analyzer (e.g., HP 3582A)
o Charge Amplifier (e.g., Bruel & Kjaer 2635)
o Accelerometer (e.g., Bruel and Kjaer 4393)

BA42 Test Procedure

1. Choose an accelerometer appropriate for the dynamic and frequency ranges under test and with
the appropriate sensitivity. The accelerometer output should be connected to the spectrum
analyzer input through the charge amplifier. Follow manufacturers’ recommended instructions
for proper installation.

2. Mainframes under test shall be unloaded mainframes.

Mainframes under test should be isolated from the external environment to insure that it is not
the primary influence on the test results. This can be done, for example, by placing the
mainframe on resilient foam and, with the mainframe power off, measuring the "background
noise" (see steps 4-5 below for accelerometer placement and spectrum analyzer set-up).

4. Measurements are to be made in all three axes, between all slots, on both the mainframe front
and mainframe rear. If desired, the accelerometer may be mounted to a rigid block which in
turn is mounted to the mainframe. Manufacturers’ recommended instructions for accelerometer
mounting should be followed. Figure B-29 shows the suggested block/accelerometer mounting
locations.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



APPENDIX B Page 271

5. Measurements are to be made over the frequency range of 10Hz to SkHz, using the following
spectrum analyzer set-up:

1. Bandwidth: 14.5Hz
2. Measurement Mode: RMS
3. Passband shape: Flat top
6. Measurements are to be made at all fan operating voltages.

7. Microphonic vibration measured by the procedure outlined in steps 1-6 above must not exceed
010 g’s at any test frequency or fan operating voltage, see rule 6.2.4-1.
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MAINFRAME REAR LOCATION

MAINFRAME FRONT LOCATION

3X ACCELEROMETERS

Figure B-29. Microphonic Vibration Accelerometer Locations
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B.S Airflow Tests

BS.1 Simplified MMS Mainframe Airflow Test Procedure

1

w

NS e

1

Construct a module pressure drop test chamber as shown in figure B-30.
Construct a mainframe airflow test fixture as shown in figure B-31.

Use the module pressure drop procedure, see appendix B.5.2, to tune the mainframe airflow test
fixture until its operating curve falls at or slightly above the solid line shown in figure 7-2.

Turn on mainframe under test and allow the system to reach steady state.
Determine airflow by sampling several points in the airflow duct with a hot wire anemometer.
Repeat steps 4 and 5 until the "worst slot" is identified.

Use the module pressure drop procedure, appendix B.5.2, to tune the mainframe airflow test
fixture until its operating curve falls at or slightly above the dotted line shown in figure 7-2.

Repeat steps 4 and 5 until the "worst slot" is identified.

Check that "worst slot" airflow obtained in step 8 is not a reduction of more than 35% of "worst
slot" airflow obtained in step 6.

WARNING: Great care is required to produce accurate results when making airflow measurements.
A good understanding of airflow measurement variables is required. For more detailed information on
airflow testing, refer to published standards such as ANSI/AMCA 210-85, etc.
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Figure B-31. Simplified Mainframe Test Setup

BS2 Simplified Module Pressure Drop Test Procedure

1. Construct a module pressure drop test chamber as shown in figure B-30.

2. Turn on fan and measure airflow by sampling several points in the duct with a hot wire
anemometer.

3. Adjust fan speed until the system reaches a steady state condition at the minimum specified
airflow required by the module under test.

4. Measure P1, (equal to plenum chamber pressure minus ambient pressure).
Compare operating point of (P1, specified airflow) with figure 7-2.
1. IF the operating point falls on or below the solid curve shown,

2. THEN the tested module will receive the minimum airflow specified on any MMS
mainframe it is installed in.

3. IF the operating point falls above the solid curve but below the dotted line shown,

4. THEN careful evaluation is required. The minimum airflow called out on the front of the

module should reflect the maximum decrease in airflow allowed by mainframes under
these conditions, see rule 7.1-5.

5. Modules whose operating points fall above the dotted line and require airflow for reliable
operation are not recommended.

WARNING: Great care is required to produce accurate results when making airflow measurements.
A good understanding of airflow measurement variables is required. For more detailed information on
airflow testing, refer to published standards such as ANSI/AMCA 210-85, etc.
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C. FABRICATION TOLERANCES

CJa Scope

This specification establishes tolerances for certain part characteristics which are not toleranced
directly on MMS part drawings.

Interpret drawings in accordance with ANSI Y14.5M-1982, Dimensioning and Tolerancing.

C.1.1 Final Part Size Considerations

For parts that require finishing such as painting, plating, anodizing, etc., the part dimensions and
tolerances shall be before coating. There are several exceptions to this rule:

o Thread designations (M5 x 0.8-6H, 6-32 UNC-2B, etc.) apply to the completed part after any
treatment, finishing, or plating. Threads to be coated shall be cut to allow for change in pitch
diameter.

» Dimensions and tolerances of heat-treated parts shall apply after treatment.

C12 Hole Diameters

Hole diameters are not controlled by title block tolerances. For information related to machined holes,
refer to Hole Diameters under the Machining section in this chapter. For information related to
punched holes, refer to Punched Hole Size under the Sheet Metal section in this chapter.

C2 Machining

C2.1 Hole Diameters

Individual drawing title block tolerances shall not apply to round hole dimensioning. Unless otherwise
specified on the part drawing, the hole diameter tolerances in Table C-1 shall be used.
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TABLE C-1. Hole Sizes and Tolerances

Hole Size Tolerances

Thru 1 mm (0.039 in.) + 0.04 mm (0.0015 in.)
Over 1 mm (0.039 in.) * 0.05 mm (0.002 in.)
Thru 3.5 mm (0.138 in.)

Over 3.5 mm (0.138 in.) * 0.08 mm (0.003 in.)

Thru 7 mm (0.276 in.)

Over 7 mm (0.276 in.)
Thru 13 mm (0.512 in.)

Over 13 mm (0.512 in.)
Thru 19 mm (0.748 in.)

Over 19 mm (0.748 in.)
Thru 25 mm (0.984 in.)

Over 25 mm (0.984 in.)

* 0.13 mm (0.005 in.)
+ 0.18 mm (0.007 in.)
- 0.13 mm (0.005 in.)

+ 0.23 mm (0.009 in.)
-0.13 mm (0.005 in.)

+ 03 mm (0.012 in.)
-0.13 mm (0.005 in.)

APPENDIX C

Note: The above tolerances should not be used in tap drill situations because in many cases they are
too generous for achieving the requirements of FED-STD-H28/2, ANSI B1.13M or IFI-500.

C.2.1.1 Counterbore/Spotface Diameters

Counterbore and spotfaces should comply with diameter tolerances in Table C-1.

C22 Hole Depths
Depth of hole means depth of the specified diameter. Only the cutting tool point may extend beyond

that dimension.

C23 Countersinks

Title block tolerances shall apply to countersink diameters. For information related to sheetmetal
tolerances of countersinks, refer to Countersinks under the Sheet Metal section in this chapter.
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C24 Screw Threads

C.2.4.1 Screw Thread Class

Screw thread class shall be:

Metric - (M)
External
Internal

C2.42 Gaging and Verification

Metric thread gaging and verification practices shall conform to:

FED-STD-H28/22, Metric Screw - Thread Gages.
Thread form shall comply with:

- Class 6g
- Class 6H

Page 279

Metric-ANSI B1.13m. American National Standard Metric Screw Threads-M Profile, or Industrial

Fasteners Institute, IFI-500.

Missing, incomplete, or fractured threads shall not be acceptable.

TABLE C-2. Metric Chamfer-Diameter Limits (millimeters)

Thread Size External internal
Mi1.6 0.94-1.07 1.74-2.02
M2 1.15-1.40 2.16-2.48
M2.5 1.59-1.84 2.68-3.04
M3 1.89-2.27 3.20-3.60
M3.5 2.28-2.66 3.74-4.22
M4 2.50-3.00 4.28-4.84
M5 3.36-3.86 532-5.96
M6 4.10-4.60 6.40-7.20
M8 5.74-6.24 8.50-9.50
M10 7.17-71.93 10.60-11.80
M12 8.84-9.60 12.70-14.10
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C2.5 Chamfers on Threaded Parts

All internal and external threads shall be chamfered to 45° per side (90° included angle) per the
diameter limits in Table C-2.

C2.5.1 Thread Length Dimension

Whether external or internal, the thread length/depth dimension shall be a minimum requirement.
Maximum thread length/depth as well as maximum tap drill depth may be left unspecified providing
they do not break through or in any way deform another feature of the part. In both cases, title block
tolerances do not apply.

C2.6 Surface Roughness

Machined surface roughness (Ra), as defined in ANSIB46.1, shall not exceed 1.6 micrometers
(63 microinches).

Roughness sampling length shall be 0.8 mm (0.030 in.)
C2.7 Edge and Corner Conditions

C.2.7.1 Burrs

Loose burrs as well as burrs that may result in personal injury shall be removed. Other burrs are
allowed, not to exceed 0.1 mm (0.004 in.). Burrs are not allowed to violate part dimension limits of
size.

C2.7.2 Breaks

Edges and outside corners shall be broken, not to exceed 0.5 mm (0.02 in.), measured as shown below.

0.5 mm
(.020 in.)
MAX.

)t

0.5 mm ——— 1
(.020 in.)

MAX.

Figure C-1. Edges and Outside Corners Example
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C2.8 Perpendicularity

Datum is Shorter
longer side side

AN
__/1

- —— - —e

JAR

- ! | - Parallel
zone planes

ZONE WIDTH: 0.001 times length of shorter
side, but not to exceed 0.25 mm (.010 in.)
MAXIMUM, and not less than 0.03 mm
(.001 in.) MINIMUM. Zone is always perpen-
dicular to the datum side.
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Example - Zone Width Calculation

127 (5.000)

}

80
(3.150)

!

— el ——

ZONE WIDTH:

0.001 x 80 mm = 0.08 mm
or
0.001 x 3.150 in. = .003 in.

Figure C-2. Perpendicularity Example

C2.9 Flatness

——Parallel zone planes

ZONE WIDTH: 0.001 times longest diagonal,
but not to exceed 0.25 mm (.010 in.}) MAX-
IMUM, and not less than 0.03 mm (.001 in.)
MINIMUM.

Example - Zone Width Calculation

‘ 127 (5.000)

(.315)| -~

\\
=

ZONE WIDTH:

Diagonal = 127.25 mm {6.010 in.)
0.001 x 127.25 = 0.13 mm

or
0.001 x 5.010 = .005 in.

Figure C-3. Flatness Example
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C2.10 Parallelism :
Example - Zone Width Calculation

Datum is always longer side.
N 5 always fonger sl 127 (5.000)>|

]

Paraliel
Zone Planes
A \
R S— 8 (.315) -
J \
63 —
(2.480)
ZONE WIDTH: 0.001 times the longest ZONE WIDTH
diagonal on the shorter side, not to exceed
0.25 mm (.010 in.) MAXIMUM, and not less Diagonal = 63.5 mm (2.5 in.)
than 0.03 mm (.001 in.) MINIMUM. Zone is 0.001 x 63.5 = 0.06 mm,
always parallel with datum side. or

0.001 x 2.500 = .002 in.
In inspecting for parallelism, only datum side

must meet flatness requirements.

Figure C-4. Parallelism Example

C2.11 Symmetry

Centerplane of feature

_ must lie within a zone Example - Zone Width Calculation
Datum Sides equidistant about

center of datums

N&E/ S

38 ———ot et
(1.496)
ZONE WIDTH: 0.13 mm (.005 in.} for ZONE WIDTH
centerplane features 127 mm (5.000 in.)
and shorter; 0.25 mm (.010 in.} for Since centerplane feature is shorter than 127 mm
centerplane features longer than 127 mm (5.000 in.), zone width is 0.13 mm or .005 in. If
{5.000 in.). centerplane were for example 190.5 mm (7.500
in.), the zone width would be 0.25 mm or .010
Zone is always parallel with centerplane of in.
datum sides.

Figure C-5. Symmetry Example
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C2.12 Straightness

Example - Zone Width Calculation

et — | ———

1

1l

=

o —

e 1 27—

(5.000)

ZONE WIDTH: 0.001 times ‘“’L,’’ but not less ZONE WIDTH:
than 0.003 mm (.001 in.).

0.001 x 127 = 0.13 mm

This applies to cylindrical parts. For other or
shapes {such as rectangular parts) use 0.001 x 5.000 in. = .005 in.
Flatness.

Figure C-6. Straightness Example

C213 Roundness Example - Zone Width Calculation

38 0.1—
(1.496 £ .004)

ZONE WIDTH shall not exceed half the total ZONE WIDTH:
dimensional tolerance.
50% of 0.2 mm = 0.1 mm
or
50% of .008 in. = .004 in.

Figure C-7. Roundness Example
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C2.14 Circular Roundout

Datum is axis of the longest single feature or

largest if features are of equal length.

[N

Measured Feature Tolerance Zone

Tolerance Zone: Any circular element or cross section
of measured feature(s) shall not deviate more than
0.13 mm (.005 in.) FIM* relative to datum feature.

Note: All diameters must comply
‘FIM =

APPENDIX C

Any single circular element along measured
feature

G/J 1]

Datum Axis Tolerance Zone
Example:

Maximum FIM = 0.13 mm (.005 in.)

Full Indicator Movement Per Y14 1.3.20

Figure C-8. Circular Roundout Example

C2.15 Angularity

\\ / Datum is longer side
wl

T
\V‘”

\

\\\/ ;’arallel Zone Planes
4

L ZONE WIDTH: 0.017 x length of shorter
side, but not less than 0.03 mm (.001 in.).
This tolerance zone is established by contact
of the outermast of the two zone planes with
the extremities of the angular surface and
with the other zone plane placed parallel and
inward to the part. The entire surface must
fall within this tolerance zone.

Example Zone Width Calculation

127
,' (5.000) "
<\-
100
(3.937)

3

ZONE WIDTH:

0.017 x 100 mm = 1.7 mm,
or
0.017 x 3.937 in. = .067 in.

Figure C-9. Angularity Example
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C3 Sheet Metal

C3.1 Shearing Squareness

Maximum allowable deviation from square (90 °), designated or implied, is 0.002 mm per mm length or
0.002 inch per inch length, given the following constraints:

L. Length and deviation measurements must be measured along the shorter of the adjacent sides
being checked.

2. For lengths longer that 150 mm or 6 inches, maximum allowable deviation from square shall be
03 mm (0.012 in.).

3. For lengths shorter than 50 mm or 2 inches, deviation up to 0.1 mm (0.004 in.) are allowed.

Shear edge break shall not be considered in this measurement.

C32 Sheared Angles

No deviation from designated angle exceeding + 1.5°. Shear edge break is not to be considered in this
measurement.

C33 Shear Type Burrs

Shear type burrs created by punching, nibbling, notching, blanking, and shearing shall not exceed
0.1 mm (0.004 in.) of protrusion beyond the part surface or into an opening. Loose burrs as well as
burrs that may result in personal injury shall be removed.

Surfaces that are to be totally burr free must be specified.

C34 Notch Marks

Notch marks along multi-punched holes, openings, or edges shall not exceed 0.15 mm (0.006 in.), nor
violate limits of feature size.

C.J3.5 Flatness

No deviation from true flatness exceeding 0.005 mm per mm length or 0.005 inch per inch length, with
a maximum of 5 mm (0.20 inch) regardless of length (measured along longest possible dimension, e.g.,
diagonally across part).

Designer’s Note: If this deviation from flatness allowance becomes unacceptable or too generous, an
overriding flatness tolerance may be applied to the part drawing,
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APPENDIX C
C3.6 Folds

No deviation exceeding + 1.5° in all cases.

C.3.6.1 Multiple Folds
Any two adjacent folds (regardless of fold angle) shall be parallel or perpendicular to each other within
0.5 mm (0.020 in.) along the length of the folds.

C3.7 Offsets

Designated or implied parallelism between the primary surface and the offset surface shall be within
* 1.5° in all cases.

C3.8 Measurement of Folds and Offsets

All edge-to-fold, fold-to-fold, and offset height dimensions are to be measured at the tangent points of
the radii regardless of the location of the dimension and extension lines,

ro r-o-j

e W =
M M D
i -
Specified Dimension

Location of Measurement

<0

Figure C-10. Sheet Metal Fold Example
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C3.9 Punched Hole Size

C.3.9.1 Single-Hit Holes
Title block tolerances shall not apply to individual punched holes produced by a single hit.

A tolerance of + 0.08 mm (0.003 in.) unless otherwise noted shall apply to round hole sizes and shaped
hole sizes that are produced by a single hit. Shear edge break shall not be considered in this
mcasurement.

C.3.9.2 Multi-Hit Holes

Title block or specified tolerances shall apply to individual holes or openings that are produced by
more than one hit. Shear edge break shall not be considered in this measurement.

C3.10 Countersinks

Any countersink, whether produced by a cutting tool or dimpling die shall be allowed a deviation of
* 0.25 mm (* 0.010 in.) from specified outside diameter.

C.3.10.1 Surface Condition

In the absence of a part drawing notation, all sheet metal parts shall receive mechanical surface
treatment on both sides, such as, course sand, circular sand, a tumbled or vibratory finish, but not to
the exclusion of other processes. Final appearance shall be uniform. Surface roughness value (Ra)
shall be between 0.4 micrometer (16 microinch) and 2.3 micrometer (90 microinch).

C4 Standards for Other Processes

Tolerances for part processes not included in this Std. /Spec. may be contained in industry standards as
cited below and shall be used for acceptance or rejection in the absence of tolerances specified directly
on the part drawing.

CA1 Aluminum Die Casting

Product guidelines for die casting, Sections NADCA E1-65 Metric through NADCA E18-64T Metric.
North American Die Casting Association, 2000 N. Fifth Ave., River Grove, IL 60171-1992 (formerly
American Die Casting Institute (ADCI)).

CA2 Plastic Molding

Standards and Practices of Plastics Molded Parts Buyers Guide, (1978 or later issue). The Society of
Plastics Industry, Inc., 1275 K Street N.W., Washington, D.C. 20005.

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



Page 288 APPENDIX D

[this page intentionally left blank]

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



APPENDIX D Page 289

D. APPLICATION FOR MMS MANUFACTURER’S
IDENTIFICATION

Identification of the manufacturer of a logical module is a required response to an MSIB command.
The identification string must be registered with the MMS Consortium. There is no charge for
registering an identification string. One ideantification string per company is expected. If more than
one identification string is necessary, please provide an explanation with this application.

Date

Company Name

Company Representative Title

Address

Requested Identification String:

Manufacturer ID String

Any number of uppercase or lowercase characters, spaces, or punctuation represented by the ASCII
character set may be used.

Notification of acceptance of the Requested Identification String will be provided to the company
representative listed on this form.

Mail to the MMS Consortium:

MMS Consortium

¢/o Tom Hoppin, Secretary
Hewlett-Packard Company
1212 Valley House Drive
Rohnert Park, Ca. 94928
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INDEX
A
ACCEPT BREAK LINK ...t 74, 80, 82, 102, 109-110
ACCEPT LINK ...t eteeeeensee s 74, 80, 82, 86, 102, 109-112
ACK ettt ettt s e eanne 22,25-27, 31-33, 35, 37-39, 42, 44-47, 49-52
active
INAICALOT «.overevveeneereteecreccees s st ss et ere s s nrnes 100-101
address
OCCUPICA ..veeneenenerniricrereinseerrtstets e sesas et sesssssesaserasans 21-22
SCELIILE ..eeeceiriccecuerecmeaeserenetemenanesesesrsrasssssssrasssssssnsass 92-93
SPACE .eeirmniceccntesterentesenteente e e anassensaa e e esesearenteansannan 21,95
VACADL ...ttt seeeeenesaeasesesesesnasnsnes 21-22
addressing
MOAUIE.....cvireneiecreecee et 21-22, 26, 32, 37-38, 44, 66, 70, 79, 85, 89, 92-95,
97-98, 100, 104-105, 110, 121, 205, 214, 220
airflow
TESEueiutierieientiiretentercn e certe e e et e et st e s e e e sennees et ensesannnes 199, 203, 273, 276
ALL ERRORS CLEARED ......c.cocvcevrmrerererrrerrersassssnnns 98-99, 102, 105
aluminum
QI CASHNE. cv.vevvemercrneereeeaeeecsesssenssisasensarsarsrsssssessns 287
ambient
EEMPETALUTE .....ceememeeeeeerceertememnernresssessenessrssessssenes 4, 200-203
analyzer
SPECITUIL...ucneeerecuereusererartrenererisssresssarsarerassesssssassssnens 235-239, 246, 250, 252-255, 257, 260, 266,
268-271
ANGUIATILY . veveenreeenereneerereeren e eaeterensesseacssasnsessssssacseesssans 284
ATDILET .ottt eea e e e r s e 21, 23, 25-26, 30, 33, 35, 40, 43, 49, 52, 65-67,
69-71
ATCHILECTUL . oot eere s se s en s s nenes 1,3,5,7
average detector ET
COnStruction procedure.......c.veweeeveeeeeseereresssssesesessenns 243
B
DACKplane......co. oo e 13, 41, 67, 71, 206, 208-209, 215-216, 235, 243,
248, 258
BREAK LINK .....ooioiieinemirneeieeerestsesseecasanessssessesssesossssens 74, 80, 82, 86-87, 102, 109-110
DIEAKS 1orreeeeee oo eeeeeeeseeeeneene 44, 61, 66, 69-70, 74, 80, 82, 84-87, 102, 104-105,
109-110, 280, 285, 287
BSY.... eeeeeeeeemeeeeeee 22,24-27, 31-33, 35-42, 44-47, 49-52
bulk air
temMpPErature .......c.oeeececececencee. -...4, 200-202
DUITS oottt se st ss st eas e eeen 280, 285
shear type .....cocvvireeecrcecnes 285
bus
BUSY ettt ses s sse s s n s nsnne 31, 49, 97-98
characteristics ...ocuveverseererieenns 13, 18, 30, 55
COMMNECEOT .evrnreenreeeeerreeereeceeacenean creereeresnenans 4-5,7,9, 13, 25, 55
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e s 7 IO 4-5,21-23, 30-32, 43-45, 55-56, 64

AOEEINAL ... 4-5,21-23, 25-27, 30-31, 33, 35-37, 39-41, 43-45,
47, 49, 52, 54-56, 65, 67, 69, 71, 236

LS SO 4,11, 14-16, 18-20, 23, 54, 65, 69, 98, 205,

209-212, 214, 216-218, 227-228, 234, 236, 238,
240, 249-253, 256, 258-259, 265-266

busy
DS ettt e e eeee s e eerenranes 31, 49, 97-98
C
CABLE ...t e e renes s 58, 64
cables
LODE ..ot 60-62
SHOTE .ttt saeed 60
capability
TADEINE <ot 11-12, 14-15, 202-203, 221
CAPACILATICE ..eceeveveeieeeceeseceenceeeeceeeeaeresseeesssesesesassnseeesessenmen 12, 16-18, 20, 55
CAPACIEOT ..evirretirieeceeecceeee e eeeseesee s s seeseneernsnn 12, 18-19, 211-212, 241, 259, 265
casting
AUMINUM GIE evreeeerereerieicereee st eeeeeeees e eeeeeeeseans 287
CHAMTETS. ..o 114, 280
characteristics
DUS oottt teten et eeesae e se s e s s eeseens 13, 18, 30, 55
circuit
18 ¢1:420c SOV OO OO 227,229, 234
CLEK ettt eetstesensesesesetene s rer s sassss bt st eneeseoneseeaeen 24, 26-27, 31, 33, 35, 37, 39, 41-42, 45, 47, 49, 52,
223-224
command
PACKE ettt 4,22, 73-77,79, 87-89, 95, 97, 102, 106-110
TESPODSES o.eceeeeeeeeenrentrrareserereeererssesssensensessonssarsssssnee 77-78, 86-87, 89, 102-103, 106-108, 110-111, 289
COMMAND RESPONSE.......coooeiieeerevesierenenne 77, 102-103, 106-108, 111
COMMUIMICALION. .. ecvoeeverentereeecsereiesecscssesensoseeneesesessessseesnseans 2-5,7,9,21-23, 58, 73-81, 83-86, 90, 101-106,
108-111
HHEGAL ..cooeeteeereeeeet e esereee et eenseomseeees 77-78, 83-86, 102, 104-106, 108-111
PTOLOCOL .ottt son e e 3, 22-23, 73-75, 102-103
component
TIUTHIS c.oeeineieeacreecereesnneesneessaaensenssnnersesesnsesesssessnnssnsessesones 1, 4, 120, 199
conducted susceptibility
mainframe power bus...........ccccovereeeeevvnennnnee. 205, 214, 217, 249, 252
connector
bus...... erereeententeaaeanrenes rreeaneeereaetenns 4-5,7,9,13,25,55
MAINITAME cuvoeeeerciereeee e e tes e semenes 4-5,7,9, 11, 13-14, 55-56, 58, 116-117, 123-124,
208-209, 215-216, 246, 248, 258
mainframe external............ccoooiivieeieeeeeeeeeeeeeeenann 4, 55-56
mainframe internal ......... eeereaenaeneeane 4-5
OAUIE .o 4-5,7,9, 11, 13, 30, 56, 114-118, 206, 208-209,
215-216, 243, 246, 248, 266
IOSTD ..o eeeee e eeeeeeeee e eseeseseee e 4-5,7,9, 11, 13-15, 25, 30, 55-56, 63, 114-118,
123-124, 206, 223, 225, 246
PIIL ceeietreneermteseen et ess et s ssten s sremens 4-5,9, 11, 13, 15, 58, 63-64, 116-117, 123-124,
223

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



INDEX Page 293

PO dESCIIPLIONS «.e.eeveeerreeee vt eaea e ees 11, 13, 223
consortium
MM ettt 1-2, 5, 82, 107, 289
construction
high frequency probe .......cccveveeceecreeeeececee e 255, 260, 263-264
construction procedure
average detector ET ...c.occcoovinnnninicieeceieececeeecean, 243
current injection ET ..ot 258
mainframe emissions ET ......c.cccocovvvveeecceeeeeenans 251
nonlinear load ET .......ooooveiiieceeeeeeree 257
control
HOK oot s 4,7, 73-74, 80-81, 87, 89-91, 94, 99, 103, 105
TEIIOLE ..ooeererrencenreneeeeeresteseesssaeeseenssssassnensesassessanseenns 9, 90-91, 94, 98, 100
cooling
MAIITAIIE « .ot ereter e ene s ssnnes 3-4,7, 197, 201, 203
OAUIE ...ttt ettt n s 3-4,7, 201, 203, 221
COUNLETSIKS. ...ooviirieetieeiiete ettt ceer e eeseneens 278, 287
S ettt r e s r b as e s e bansens 23-26, 28, 30-33, 35, 43, 50-52
CUITEDE «eremeetereeeceteeeeieeeceeesenese e et aanssesesesssssesssesasasassrasanns 6, 11-12, 15, 18-20, 32, 41, 50-51, 63, 73, 83, 107,
116, 118, 123, 206, 209, 217-218, 227-242,
252-264, 266
10A .ottt nes 12, 18, 209, 217-218, 227, 231, 235-242, 252-254,
257, 260, 262, 266
WAVELOTI oottt reae e nere et sna s 11-12, 209, 217, 227, 229, 241-242, 253-255, 257,
260-261
current injection ET
construction procedure................ 258
D
DOt . .26, 57
D1
frame......ccceovvererercrenenee reereeesstereeerebetsareasesetesaasaren 25-27, 31-33, 37-39, 44-47, 50-52
D2
fTAMIE .ottt ettt e en s bes s 25-26, 31-33, 37, 39-40, 42, 45, 47, 50-52, 58-59
DT ettt e et e ra e tee bt e e an s nranne 26
D8 ettt et e s e st s s rersreneasenn e seens 26, 35, 39, 57
DAC ..ttt tev e et snsseete s ss st st ne s 57, 59-60, 62
data
BOK ottt et en b 4, 73-74, 78-82, 86-88, 102-103, 109-112
INESSAZE <.eveveermrrrererersetensenenrtesescensassesestasesasesssesetossosseaes 4, 74-77, 80-81, 86-87, 103, 111
PACKEL ..ot senseseseasess e sersaseons 4, 21-23, 26, 31-32, 37, 40, 45, 50-51, 56-57, 59,
66, 70, 73-79, 87, 97, 109-110
SITEAIM c.ueererereerentanterteariaseesteasanseessssesesssssessassasesessasnes 4,74, 76, 78-80, 82, 86-87, 91
datum
MAINFTAINE ...t et e e eenees 4, 114-116, 118-122, 124-125
TROAUIE ..ottt neas 4, 113-120, 122
D AV ettt ae e e st e s e neene 9, 57, 59-60, 62, 223-224
delay
EUIDI-OBhu e eueeeeeereneentesresrncessencssnsessasessentasesseeseasansessensasnes 19
design
module Industrial .......ceovveveeireieeereeeeeeeer e 120
dimension

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



Page 294 INDEX

thread length.......cocoocoeiiiie e 280
DRDIY .ottt seee s saese s nenes 57-58, 65, 67, 69, 71
AIIVET ettt s s s e s 2, 25-26, 28, 30-33, 36-37, 40-41, 45, 50-52, 55,
60, 74, 120, 235-236, 266, 289
dynamic load
mainframe power SUPPLY......ccoocvereeemreeeemenreeieeeneens 11
E
electrical test
POWEE SUPPLY ettt 227,259, 265
electromagnetic compatibility
MAINITAMIE ..ottt eseee e e 3, 205, 214
DROAUIE ... eees 3,97, 205, 214
electronic tool
POWET PTODE ....ueurererrinneececr e sessseees s reeeoeen 229, 234-235
EMC grounding
MAINFIAME ..ottt ee s 119, 125
MOAUE .. 119, 125
emissions
ClOSE-TIEIA oo 206, 215
COMMON MOAE c...cerrreriererirerenriereeeeeresesereesesesssesesenenes 210-211, 217, 250-251, 257, 263
BATINONIC oot 209, 250, 255, 260, 262
magnetic field ..., 16, 206-207, 215, 245
MANITAME .. 205, 208-209, 213-217, 219, 224, 245-246,
249-251, 253-257, 259, 262
magnetic field.......oeveoriieeeccecce e 215
power bus conducted..........coooueeeeeririreneiveeneenenenes 205, 214, 216, 249
TAAHALE - oot 205, 213-215, 219
IOAULE ..ttt et e eeenan 16, 205-211, 213-216, 219, 224, 245-248, 250, 256,
259-260, 262-263
CONAUCLEd. c.cnrteeeniereceeeee ettt 205, 208-209, 214-216, 259-260, 262
magnetic field......orieereeeee e 16, 206, 215
TAdIALEd cooeercieeeeeect e 16, 205-207, 213-215, 219
modules and mainframes ..........ceeeececercncvecererereeeennnns 205, 208-209, 213-216, 219, 245-246, 250, 262
NON-HATMODIC ..ottt 210, 217, 263
power bus conducted...........cc.ovoeicereeeeeee e 205, 209, 211, 214, 216, 249, 259
SPUTTOUS cevrvereerensraessesanssessssessssssssmssssoemssoreresssesensssessen 210, 256, 260, 263
END ..o eeeeseeeeseseeseeessessssseesesessmssmmsesessseeseeeeeene 77, 80, 102-103, 106-108, 111, 230-231, 233
END COMMAND RESPONSE .........cccoerrecrirenes 77, 102-103, 106-108, 111
ENVELOPE .covrvemreecerirreee st es e tes et es e ssaesins 115, 121
environment
EXEETDAL ... cerrerieriercenneete et ne e seaessasasaess st et 205, 214, 270
environmental
MABTAME ..o e s 119-120, 126
MOAUIE ..o e e nene s 119-120, 126, 203
error
handling ......c.cceveeviererererereeee et 97-98
INAICALION ..ttt 98-99
TEPOTLIZ ....cevreereemreeneeensensaeaceereaessasseresesessasearersrasssanans 77-78, 94, 97-100, 105-106
ERROR OCCURRED ...t 98-99, 102, 105
ESTABLISH NON-TAGGED LINK .......cocooveveennnn 80, 82, 86, 102, 109-110
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ESTABLISH TAGGED LINK.......cooooteemreeeeeeeeeeennn. 74, 82, 102, 110-112
external
DUS ettt s e 4-5, 21-23, 30-32, 43-45, 55-56, 64
CNVIFONIMENE «...vveceeeeeeeeee e eeaeae e enesesnsassesaees 205, 214, 270
LJOOP cecunretrinetesetereene et eesse e e s s sne s e 4-5, 33, 44-45, 55, 65-67, 69-71
mMAInframe CONNECOr........vueeiieieee et 4, 55-56
EXTINGUISH ACTIVE ... 100, 102, 105
F
T T ettt 11-12, 16-19, 211, 224, 228, 241, 243, 253, 257,
259, 265-267
COMMON MOUC ..ervieeeriienreer et eeteseeneeeeeeeeenas 211
FIALNESS ©vevveeeeeeteeecee ettt eee s s e 35, 39, 271, 281, 285
FOLAS ettt ee e 286
FRO oottt s esee e e e een 57
FRI. ottt r e see s 57
frame
handsSBake .......co.oveeevveeeeieeceee e 57, 59-60
CTANSIUISSION «.oeveveerecececeeec et eee et cme e nees 22-23, 58-59
FROM
AAATESS cvecverrerrreerierecer st seessess e sesesaesesesenenenens 26-27, 32, 37, 39-40, 44
EEAINIC oo eeeeee e eeeeeeesseeeeeemeesees oo oo eseesnes 25-27, 31-33, 37, 39-40, 44-47, 50-52
functionat
verification .........ccceceeeeeenn.e. 235
fuse
OAUIC ...ttt e eeene 12, 15, 228, 238, 259, 265
G
BAGING «.ecrreememeercuerreresaatreretsesssssassesserssssssaesesssenssrsnssesesanes 279
graphics
lANZUAGE ......ovieemeeieceeere et e e 3-5,7
link .... eretrreeeessesetestebestetessarbeearsen e senteseteneasasnraees 4-5,7, 74, 80, 82, 90, 93-94, 103
grounding eeeeteeeeteaastaeasteseeteaessresssesssareeesasaeraersrennns 9, 11, 14, 55, 58, 64, 118-119, 125, 209, 211,

215-218, 224, 227, 241, 243, 250, 258-259

H
handling
EITOT coneneeneteesereeeneteeeantesaasaaaasesaessassssasesssanesssnasasassnnsssns 97-98
handshake
13 211 1 L30Tt 57, 59-60
harmonic
B0 KHZ....ceeereeeeeeeeeetnteeeerese st sese e ssessserasassssnan 209, 216, 237, 249-250, 253, 260, 262
EINISSIONS ...ovvrevereereseeseeserenesreeens . 209, 250, 255, 260, 262
mainframe power supply susceptibility ..................... 218,253
POWET SUPPIY ..eceeeeecncreneenrirrreeeeeneiecsresesessssssssesesanas 209, 216, 218, 237, 249-250, 253, 255, 262
SUSCEPUDIILY. ....cvoreeereeceecereecrenees e seseenenae 218, 252-253
high frequency probe
COMSETUCHON vovcererereeererescereeeens st ssssssesessseemeeeeeeneens 255, 260, 263-264
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ROLE ..t 116-119, 125, 246, 266, 277-278, 285, 287
AEPLRS oo 278
QIAMELETS ..ot ee e 117, 119, 125, 277-278
PUNChed ..o 277, 287
I
IDENTIFY LINK INITIATOR ..o 74, 82,102, 110-112
IDENTIFY LINK RESPONDER ... 74, 82,102, 110-112
TEEE Std 488 ... 9-10
illegal
COMMUIICALION cevvoveeeceeeerte e eeeesesee e eeeseseseseeenenas 77-78, 83-86, 102, 104-106, 108-111
ILLEGAL COMMUNICATION ....ooooe. 78, 83, 86, 102, 104-106, 108-111
IMPEAANCE.....eeeoieecricteteeeee e eees e esses oo st 12-13, 16, 18, 55, 209, 217-218, 239-242, 253,
255-257, 260
indication
CITOT cattintescetet et re s e e sanse st e enee s eansans 98-99
IDESSAZE wrveererenrerereniritceneeseee s stessesesssessseseensseneeseneesnns 101
indicator
ACHIVE c.ceeeeeeeeeisteeeaeeeeeeeeee e eees s res s seon 100-101
INAUCLANICE coev ettt eeenes oo 13, 16-17, 218, 235, 252-253, 265, 267-269
INAUCEOT oottt et eeaes e et 11, 16, 253
industrial
mMOdUIE AESIZN...cu et seennan 120
IIHAZALION oo oottt 65, 96, 98, 230, 232
initiator
LK <ot 74-75, 78, 80-88, 91, 99, 102, 104-105, 110-112
instrument
multiple mOdUlE «....ccovneeree e, 5,94
INEETACHON ceovovereeeereeectcte e s s e s e 16, 18, 205, 209, 213-214, 216-217, 219
interface
MEChANICAL ... 3,63, 113, 119, 215
internal
BUS ettt es e 4-5, 21-23, 25-27, 30-31, 33, 35-37, 39-41, 43-45,
47, 49, 52, 54-56, 65, 67, 69, 71, 236
Mainframe CONNECLOT............cocoommeeeeeeeseereeeresrenennns 4-5
K
keyboard
language ......cococovvvreveeerecce cteeemeenaeaen 3-5,7
BIK oo 4-5, 7, 80, 82, 90, 93-94, 100, 103, 108
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labeling
CAPADILILY .o 11-12, 14-15, 202-203, 221
MADNITAME ..ot 11-12, 202-203, 221
TOAUIE ...ttt een 12, 14-15, 108, 203, 221, 232-233
language
STAPHICS .oeceeeecee e 3-5,7
KEYDOArd. ...ttt 3-5,7
SLOTAZE ..ottt st et e ee s 3-5,7
LIGHT ACTIVE.... et eeseseessnes 100, 102, 105
BIES oottt enenee 13-16, 18, 55, 62, 64, 86-87, 90, 113, 115, 120,
122, 126, 200-203, 205-207, 209-210, 214-218,
238, 242, 245-248, 250, 253, 255-257, 262-263,
269, 280, 285
PUISE WIdth oo 62
SIAEbAN ... 13, 18, 238, 262
HE SYINIC. ittt s e 11, 13, 20, 224
link
COMETOL ettt e 4,7, 73-74, 80-81, 87, 89-91, 94, 99, 103, 105
ALA oo st 4, 73-74, 78-82, 86-88, 102-103, 109-112
data SIICAM ..o e ee s 4,74, 78-80, 82, 86-87
ZTAPHICS oottt 4-5, 7, 74, 80, 82, 90, 93-94, 103
111151707 SO 74-75, 78, 80-88, 91, 99, 102, 104-105, 110-112
KeybOArd.......coverritneneee et 4-5, 7, 80, 82, 90, 93-94, 100, 103, 108
0] o153 21 (¢ 1 OOV OO 7, 80, 90
TEZISTETEA. ... ceveceeeeccetrrnresrnse s eesss et ee e senes 3-5, 82
TESPOIAET weevveteeemeeveneeeeeee e seeen s e eemeseeseeeaesessesesess 74-75, 80-88, 91, 99, 102-105, 110-112
SEALES o.veiecrceceeeccrcerereerse e e enessaene e s se s ans 78, 82-83, 86-87, 90-91, 102, 104-106, 108
SEOTAZE «e.eveneetrnrrntennrrieriteieseetiesessessessessssssessoneenssasnnsensas 4-5,7, 82,103
TAZEE oottt 74, 79-85, 87-88, 102-103, 108-112
EYPES treeeerettct ettt st erss st e e sen s 3, 74, 80-83, 87, 91, 109-112
LINK LOCAL ...t stentese e tsssssse e 80, 91, 102, 108
LINK REMOTE ..ot eseesans 80, 91, 102, 108
10AA....oueecencemrercini st ettt s et e eees 10-13, 16-18, 20, 116, 209, 216-218, 227, 231,
235-242, 252-254, 257-258, 260, 262, 266
CUITENL «.veiiicnienniesercntes sttt rceseeseesseesnanssassaasassasrssesnnes 12, 18, 209, 217-218, 227, 231, 235-242, 252-254,
257, 260, 262, 266
LOCK LINK ...ttt reeesensesersresserssssssssssesns 74-75, 80, 87, 102, 104
logical
MOAUIE ...ttt esen s eeeenaens 4-5,7, 9-10, 21, 73-74, 77-78, 80, 83, 86, 88,
90-92, 98, 100-101, 103, 289
loop
EXEETTIAL ...ttt tes e ss s 4-5, 33, 44-45, 55, 65-67, 69-71
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magnetic field
emissions and susceptibility ............oooowvoveuveueeeennnn.. 245
mainframe
COMIECHOT ..o 4-5,7,9, 11, 13-14, 55-56, 58, 116-117, 123-124,
208-209, 215-216, 246, 248, 258
COOLNE ... 3-4,7, 197, 201, 203
QAU ...t sneeen 4, 114-116, 118-122, 124-125
digital bus conducted susceptibility........................... 219
electric field susceptibility............oveerveeveeerererennnn, 215
electromagnetic compatibility ..............oovrrreeen...... 3, 205, 214
EMC grounding ......... rerer ettt ben s n s e teeens 119, 125
ETMSSIONS ......ceeceremecenreaneees e sese s eoseeeeeseeeess s s 205, 208-209, 213-217, 219, 224, 245-246,
249-251, 253-257, 259, 262
enVITONMENtal.........oveooeeeceeeeeeeeeeeeeeeeeeeeee 119-120, 126
EXEErnal COMNECEOT.ouu.vneeteeeeeeeeeeeeeeeeeeeereseeeeen 4, 55-56
internal COMNECLOT wuuuvuuuruierimeeieeeeeeee e 4-5
1aDEHNG ...t 11-12, 202-203, 221
magnetic field emissions ...........coooueeeevevveveeemreerenannn. 215
magnetic field susceptibility............vvevucceneeeeeennene, 207, 215, 248
microphonic vibration..... vttt en st e anees 120, 125, 270
power bus conducted emissions ............o.vvoveveenonnnn. 205, 214, 216, 249
power bus conducted susceptibility............................ 205, 214, 217, 249, 252
power supply harmonic «..........cceeeveceeoeeeeeereeesnnn, 216, 218, 250, 253, 255, 262
SUSCEPLILILY ..o 218, 253
power supply non-harmonic .........ccooooveccuveeeenenn.... 217-218, 255
SUSCEPHILILY ..couvmveecereeeeiecrreeert e 218, 255
radiated emiSSIONS...........oouveeveeeeeesrreereerereeeeeeeeoeia 205, 213-215, 219
radiated SUSCEPHDIILY ........ueveeeeeeieeeeeeeere e ees s 205, 214-215
TESCT cevetrereeeteee ittt ceetetntenesec st ss s b ssememseesssesannes 23,27, 40-41, 45, 49, 54-55, 57-58, 64-66, 68-70
SUSCEPUDILLY....evvveererveceenririerce e, 205, 207, 209, 214-219, 247-249, 252-253,
255-256
ELADSIALOT ...t 21, 23-27, 30, 41, 43-46, 49-51, 54-56, 58-59,
65-66, 69-70
ErAISIILEET ..o e 49, 51
mainframe emissions ET
CONSLIUCHION Procedure. ...c.uvmiuemmeeeeeeneeeeeeseeeeeeeeennns 251
mass
IOGQUIE ...ttt ssees s 119-120
IOASEET....cveneniiicecsticneaenerraseneesne e stebeseenstesae e sereeessmsasssssneaes 4-5, 94-96, 100, 106
measurement
L] OO VOOV SUUOTUN 1, 18, 96, 125, 199, 218, 227, 234-240, 245, 247,
249-250, 252-253, 256-257, 259-260, 262-263,
265, 268-271, 273, 276
mechanical
IREEITACE ettt ee e 3,63, 113, 119, 215
message
QALA oottt 4, 74-77, 80-81, 86-87, 103, 111
INAICALION.....c.veeeeeencrren ettt ee e saseeees 101
SEALUS ottt et seve et st s eeaes 5, 91, 102
metal
SHEEE ..ottt eeen 277-278, 285, 287

microphonic vibration
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MAINITAME ..o 120, 125, 270
MOAUIE ..ottt e 120
mms
COMPONENL ...ttt ee e e enee s 1, 4, 120, 199
MMS
CONSOTLIUIM «.cevrervreeeeeeeeseceeteeee s esese e, 1-2, 5, 82, 107, 289
module
AAATESSING ....eeeeeeeeeeece e 21-22,26, 32, 37-38, 44, 66, 70, 79, 85, 89, 92-95,
97-98, 100, 104-105, 110, 121, 205, 214, 220
ASSEMDBINEG ...t 113-115, 118, 214
conducted EMC ........oooiimimieeeeeeeeeeeeean 208-209, 213
conducted emiSSIONS ............cccueveermeeeeeserereseeesenenn 205, 208-209, 214-216, 259-260, 262
COMMECEOT cvvverereeeeeeeeeeee oo ees oo e oo eeeee 4-5,7,9, 11, 13, 30, 56, 114-118, 206, 208-209,
215-216, 243, 246, 248, 266
COOLNG ..ottt ee oo, 3-4,7, 201, 203, 221
QAL ..o eessrs s 4, 113-120, 122
digital bus
conducted EMC........oooooummeiieeeeeeeeeeseereann 213
conducted susceptibility ..........o..vvervmeeceeenennn. 213
electric field susceptibility...........ooevmeveeeveerierenn.. 208, 215
electromagnetic compatibility ............ccoeeoeemecereennn.. 3,97, 205, 214
EMC grounding ........c.oooovveereceeeeniiceeececeeeeeenan, 118-119, 125
EIMISSIONS w.ecvreeerimrrereensteene s eeeeeeeaeeseseeeesss s 16, 205-211, 213-216, 219, 224, 245-248, 250, 256,
259-260, 262-263
ENVIFONMENTAL...eovoreerecreeeeceeeecee e ens e 119-120, 126, 203
BUSE oo 12, 15, 228, 238, 259, 265
industrial design ........oovveeceervreeceeeeeee e eeeseeenn, 120
1aDELNG ......veveererreeeeieeceeeece e 12, 14-15, 108, 203, 221, 232-233
load current sidebands test ........oooeoveeeeeererersrrernnnn. 18, 237-239, 262
logical......ccocmmreereeeeeeee e, 4-5, 7, 9-10, 21, 73-74, 77-78, 80, 83, 86, 88,
90-92, 98, 100-101, 103, 289
magnetic field
EIESSIONS ...erueeererereeteteececeee st ve e e eeoeeesseessessensnns 16, 206, 215
SUSCEPHDILEY ..ot 207-208, 215, 248
ITLASS coerenreneeeeeeestes e tensenerteene st s sneesaess s e nenestss s see e somenes 119-120
microphonic VIbIation ... e vcveeeeesiuersceececveenenenane 120
POWET oottt e e e e se bbb seeseseeme s e 3-4,7, 11-16, 18-20, 23, 27, 54, 65, 69, 93, 96, 98,
116, 205-206, 209-212, 214, 216-218, 221, 224,
227-229, 233-239, 248, 250, 252-253, 256-259,
262, 265, 268-269
power bus
conducted EMC.............coooveecanennn.. 209
conducted emissions.............ueeveeeeeeeereeseeeeeerranns 205, 209, 214, 259
conducted susceptibility ..........ooeeveicecueeecurerenennnnes 205, 212, 214, 259, 265
POWET CONSUMIPLION LESL ovvvuvererererecesieerscaeecoeseaseeeenne 14,227, 234-238, 262
radiated
EMC... e ettt veranen 209, 213, 219
EIMISSIONS. c.vvvevrvrrerrenrantrsrectceseeeeeeeeseesesseesesasesasesens 16, 205-207, 213-215, 219
susceptibility.........ocooovueuiecennens 205, 207, 214
TECEIVE . eurrurearmaemreeersserasses s essesesesenesmsesseeseseenesseessesasens 21-23, 25-26, 30-32, 37-38, 40, 44-47, 49-52,
7475, 77-79, 83, 87-89, 99-100, 103, 105-107,
109-112, 209, 276
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205, 207-209, 212-216, 218, 247-249, 252, 256

INDEX

b

26, 30-31, 66, 70, 75, 87-89, 95, 97, 108-109

4-5,7,9, 11, 13-15, 25, 30, 55-56, 63, 114-118,

safety grounding ........co...oooeeevveerioioecceeeeeeerenn 14, 118-119
SPUFIOUS EIESSIONS «..cevvreesvenreneee e ceseseeeeeeeesseessnens 210, 256
steady state power consumption test..................... 227, 235-236
SUSCEPUDILLY.....covmveveerereieeeeiere e
259, 265, 268
transient power consumption test................oooun........ 227, 235-236
ELATSIIUL weuvvevvereceeereeneeneesen et e eee oo seeeesesr e sesnans
molding
PLASHEIC .ottt 287
msib
COMMECLOT covvtevrraitiiecnecncecateerasrer et s s eeseseaa
123-124, 206, 223, 225, 246
SLALUS MESSAZE .ovvvnrceceeeeeeiretemctet et ceseeeas 5,91
N
non-harmonic
EIMISSIOMS w.vueeemrunernreee et eseesees s 210, 217, 263
mainframe power SUPPlY.........o...ueeveceeeeeereeeereeeenne. 217-218, 255
SUSCEPLIDILLY ...t 218, 255
SPULIOUS wevereereeeecre s 210, 250, 252, 263
SUSCEPHIDILILY.......veceeceeceeece e 218, 252, 255
nonlinear load ET
CONSLIUCHION PrOCEAUTE. ...veeeeereereeeereeeeeeeeeeeeeeeene 257
notation
state diagram .........c.coeeverennene. 6
n0tch mMArkS ..o, ....285
1161 5 SR 88-89, 95-97, 102-103, 109
O
objectives
SPECIfICation . oceeeerevecteeee et .3
OFESELS .eveeeenemcrerrrr ettt 115, 122, 239, 286
operation
LK .ottt seenes 7, 80, 90
OSCHIALOT .ottt 227-228
output
line sync.. ettt et a e sttt e e et raebeen st etenraresaenn 13,20
OVETCUITENL «..ceueruenrrnreerereerenestereseens s eessssesesemcennees 12, 15, 19
OVETIOAA ..ttt eee e s ranaen 12, 252
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P
pacing
10,2151 111 (AU 87-88, 109
PACKEL ...ttt ettt ee e 4, 21-27, 30-33, 35-47, 49-52, 55-59, 66, 70,
73-79, 87-89, 95-97, 102, 106-110
COMMANG. ..o 4,22,73-77, 79, 87-89, 95, 97, 102, 106-110
AALA oo 4, 21-23, 26, 31-32, 37, 40, 45, 50-51, 56-57, 59,
66, 70, 73-79, 87, 97, 109-110
INCOMUNG .......ocoeeeemensreceeeaer e ses e enaseees 49
OULGOING ....ovveremererciereeaeein s s esrssas s s e sesessees e e 44
TTANSIISSION 1v.veveverereeeceeeeeeeecneeaeeee e esessesse s 21-24,75
PArAHElISI ..ot 282, 286
PEIPENAICUIATILY ..eeceeeeeeeeecrece e, 281
pin
CODMECEOT o.cuuniiutireeiireneeieiaanieesneeereeseesssscaaeoneesseenerannens 4-5,9, 11, 13, 15, 58, 63-64, 116-117, 123-124,
223
CONNECLOT AESCIIPHONS. ..curvererrrereeeeeee et erereeeesereresenns 11, 13, 223
plastic
MOIAING ..ottt 287
power
DUS oottt et eeesee s s 4, 11, 14-16, 18-20, 23, 54, 65, 69, 98, 203,
209-212, 214, 216-218, 227-228, 234, 236, 238,
240, 249-253, 256, 258-259, 265-266
IAXUII ..o eee e 11-14, 16, 209, 216-217, 237-238, 254
HIOAUIE ...ttt e et sees s e 3-4,7, 11-16, 18-20, 23, 27, 54, 65, 69, 93, 96, 98,
116, 205-206, 209-212, 214, 216-218, 221, 224,
227-229, 233-239, 248, 250, 252-253, 256-259,
262, 265, 268-269
93 €] o 1R 229, 234-235, 238, 240-241, 248, 255, 259, 264
PEQUITEIMETIE «eveevveererentrenreressieseeeseeasee s eeaeceeesessessssans 12, 14-15, 20, 212, 218, 221, 227
SUPPIY ettt eeeee s 11, 13, 16-19, 23, 206, 209, 212, 216-218, 227-229,
235-241, 243, 245, 249-250, 252-257, 259,
262-263, 265-266, 268-269
power bus
conducted emissions..... reteanereneseteseeseasate e eneeen 205, 209, 211, 214, 216, 249, 259
conducted susceptibility..........c.cemereveeeeeeiireeceenee 205, 212, 214, 217, 249, 252, 259, 265
mainframe conducted susceptibility ..........ccooounn....... 205, 214, 217, 249, 252
module conducted emiSSIONS ......oeueeeemeerreeeeeeerennnn. 205, 209, 214, 259
module conducted susceptibility .......ccoovrmeivenncneee. 205, 212, 214, 259, 265
power supply
ElECtTICAl LESE....veeeereeeceeeeeeeeeee e e 227,259, 265
DATMONICS LEST.vvvemrerrnrertemerererreesseresse e eseesemseesens 218, 237, 250, 253, 262
mainframe dynamic load...........cccooveuvenriirieecnerenene. 11
mainframe harmonic susceptibility e 218, 253
mainframe non-harmonic susceptibility.................... 218, 255
FEGUIALION LESL..c.vemcuirieeeienre et een e 237
PIECRAIEE ..ottt 27-28
pressure drop
EESE et tcerreeeer ettt st et st re e see e e 203, 273, 276
probe
POWET ...eeeteceerecrctnsasenee s se e sessnssssesssestassenseseeessenenos 229, 234-235, 238, 240-241, 248, 255, 259, 264
- protocol

March 18, 1992 Printing Modular Measurement System Specification Revision 1.0



Page 302 INDEX

COMMUMICAtION «.evvevereeeeeeee e 3, 22-23, 73-75, 102-103
TEVISION «.cecvuimertnenrees oo oo 73,77, 81, 103-112
PULUD oo 25,27
pulse width
LIMIES ..o 62
R
receive
MOAUIE.......ooeerreeeeeeeeeeeeeeeee e 21-23, 25-26, 30-32, 37-38, 40, 44-47, 49-52,
74-75, 77-79, 83, 87-89, 99-100, 103, 105-107,
109-112, 209, 276
TECEIVET ... eeerraeeensenteeeeee e eeees e e eee e e e ese oo eeeee oo 22, 25-26, 28, 30-31, 33, 35, 37-38, 40, 44-47,

49-51, 54, 57-63, 74, 78-79, 83, 87-89, 96, 99,
103-112, 209, 231, 276, 287

registered
JEOK oo 3-5, 82
REJECT LINK ..ottt 74, 82-83, 86, 102, 109-110, 112
remote
COMETOL.eemeteectetetee e 9, 90-91, 94, 98, 100
reporting
CITOT ettt ettt sete s e eeseeess e e e s 77-78, 94, 97-100, 105-106
requirement
POWET cevveeeeeeeee e eeeeeeeeeeeeeeeeeeee oo oeeeeeee 12, 14-15, 20, 212, 218, 221, 227
RESERVED ... eee e 102, 104
RESET ... e 27,31, 33, 35, 37, 39-41, 43, 47, 49, 52, 54-55,
57-58, 65-67, 69-71
reset
MAINITADE ..o 23, 27, 40-41, 45, 49, 54-55, 57-58, 64-66, 68-70
responder
HOK oo 74-75, 80-88, 91, 99, 102-105, 110-112
responses
COTNIMANA......coeemieuereeterreete ettt ceeeeaessreesesseseresesns 71-78, 86-87, 89, 102-103, 106-108, 110-111, 289
return
lINE SYDC...ooemneeeeereseeeee e 13,20
RETURN TO LOCAL ... 90, 102, 104
REFUIL ...t 39, 47, 49-50, 52
roughness
SUFFACE w.eeeretiecteeeeteeeecee e 280, 287
TOURADESS . e.veeeveeveete e eere s ves s s 277, 283, 287
roundout
CIFCUIAT ..ttt e s e 284
TOW ZETO ceneeeerrirnenseersnienerseesstanssasteeseeressssessesanssmsesessssssesssenns 93, 98, 105
RIS ettt eses s eer s e ees 23-26, 30-33, 36, 40-43, 50-52
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S
safety grounding
MOAUIE ...t s eeees 14, 118-119
SCIEW LRTEAAS . ceoverenreerrireeciiee et 279
SELECT LINK ..ottt eesseseeseeeesnsssens 74, 80, 102, 111
SEIEEESE .e.veieceeereett ettt eneeeen 96-97
SEND ALL ERRORS ..o esessessros 99-100, 102, 106
SEND CAPABILITY ..ottt 77, 88, 102-103
SEND FIRMWARE REVISION .......cocoomiieeenernn, 102, 108
SEND MANUFACTURER ID .......cocooovieeeraernn. 102, 107
SEND MODEL NUMBER...........cccocoieceeaenenn. 102, 108
SEND MODULE ID......oooinieereiteesereesieeeeee e 77, 81, 95, 102, 106, 110-111
SEND SERIAL NUMBER ..........ccooieiemeeeeeeeeenn. 102, 108
SEND STATUS.......omrrrrerecee et seereeens 77, 80, 91, 102, 106, 110
SEND TIME ...cccoitirennntntnteeteerstssieeeeemseeeeseseeseseeseneras 102, 107
SET IEEE 488 ADDRESS........oooieeeeeeeeeeeeeeereeeneen 93, 102, 110
setting
AAAIESS......oecnvcerceeciretrernseee et e e eeseeseen 92-93
SHEATING.....o.eereeemceueemeerteee et s e 285, 287
sideband
LHNIES oottt et 13, 18, 238, 262
SLAVE oottt sttt eeeee e 4-5, 94-96, 99-100, 103, 105
SPACE cuveererertrectcrer ittt ren e e nr sttt s et s nne 94-95, 103
SLOL ettt sttt 4-5, 11-13, 15-18, 23, 26, 30, 43, 49, 113, 121-123,
199, 202-203, 221, 224, 240, 243, 246, 243,
250-251, 254, 256-258, 270, 273
space
SIAVE ...eieieiececemeereee et res st sees 94-95, 103
specification
OBJECHIVES coeveeveceerenceeeeieemense st tes st cses e meeeeneseens 3
SPECLTUM ANALYZET ......ccmeeeerecerieerieteer e 235-239, 246, 250, 252-255, 257, 260, 266,
268-271
spurious
DOD-NAITOMICS c..eveeee e e e e 210, 250, 252, 263
SRDY ..ttt ses s nsres s b eeas oo 57-58, 65, 67, 69, 71
state diagram
DOEAION c.ceoeuereeereneereeresniseeesstensestessssesssssemecm e eesessmsees 6
states
LK <ottt 78, 82-83, 86-87, 90-91, 102, 104-106, 108
STATUS ..ttt sass st eseene 5, 77, 80, 91, 102, 106, 110
status
INESSAZE «eovvenrrrescriescinracereesencesessnsanessens 5,91, 102
storage
TANGUAZE .....ooceoeereeeenc ettt 3-5,7
BOK oot 4-5,17, 82,103
SEPAIGNINESS ...o..ceooceeeerenraenenrcireeesrectenssssssssnssaes s seene 227,283
stream
LA ..ottt ee e eeneees 4,74, 76, 78-80, 82, 86-87, 91
supply
POWET ettt e te e e e e en e e eenean 11, 13, 16-19, 23, 206, 209, 212, 216-218, 227-229,
235-241, 243, 245, 249-250, 252-257, 259,
262-263, 265-266, 268-269
surface
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LOUGHNESS ...ovoeoeeceeveonnceeeeeeeeeeeeses oo 280, 287
susceptibility
close-field magnetic ..o 248
harmonic ..o 218, 252-253
magnetic field........ooeunernoooeooeee 207-208, 215, 245, 247-248
MAINFIAME . 205, 207, 209, 214-219, 247-249, 252253,
255-256
electric field......oc.ommvvoooreeooeeeo 215
magnetic field..........oowwwuooovoveoeeeeo 207, 215, 248
power bus conducted.............ovvmrroeoo 205, 214, 217, 249, 252
power supply harmonic..........ooooorreivooo 218, 253
power supply non-harmonic.......................... 218, 255
1adiated ... 205, 214-215
MOAUIE oo 205, 207-209, 212-216, 218, 247-249, 252, 256,
259, 265, 268
electric field.....o..oowuooivooovoeeeoeeo 208, 215
magnetic field.............ooo.ovomeoeoeo 207-208, 215, 248
radiated........ocoovveenvonneeoeeee 205, 207, 214
DON-hATMONIC ..o 218, 252, 255
power bus conducted................oomvoorooero 205, 212, 214, 217, 249, 252, 259, 265
SYIMIIEILY ...ttt 282
T
tagged
BOK oo 74, 79-85, 87-88, 102-103, 108-112
temperature
AMDIENL ..o 4, 200-203
DULK Ao 4, 200-202
tEIMINOIOZY...voe.eoeoceeeeeeeeeeeeeeeeeeeeee s 3,5
COMPHANCE ..o 5
test
NON-harmonic SPUriOUS.............eeeeereoeererrrooooo 250
AUTEIOW oot e 199, 203, 273, 276
close-field magnetic susceptibility............................ 248
mainframe
microphonic vibration ............cceeevveervoervoonnon 125, 270
MEASUTCICTL ...t e e 1, 18, 96, 125, 199, 218, 227, 234-240, 245, 247,
249-250, 252-253, 256-257, 259-260, 262-263,
265, 268-271, 273, 276
module
load current sidebands...........oovovooveovooioo 18, 237-239, 262
POWET CONSUMPLION v.veveeeeceeeeeeeeeo, 14,227, 234-238, 262
steady state power consumption...................... 227, 235-236
transient power consumption.......................... 227, 235-236
power supply
electrical....... e, 227,259, 265
BATTONICS .o 218, 237, 250, 253, 262
TEZUIALION. ......ccmieceieeneeeeee e 237
PIESSUIE dIOP...vucecceccececeeiee e 203, 273, 276
time
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