



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DMAR * CS

DMACK * CS

DMAG # 4

DMAR * CS

DMACK * CS

DMACK * CS

Notes:

1. CS = MCSO + PCS0.

2. Allsignals in this diagram have been converted to positive logic; thus DMAR indicates the asserted (low) state and DMAR indicates the de-
asserted (high) state of the actual signal.

3. SRDY must be sychronized to CLKOUT.

Figure 2. Arbitration PLD Description

CURRENT NEXT
STATE INPUTS STATE OUTPUTS
So S 7] DMAR CS DMACK So Sy S, DMAG SRDY
a 0 0 0 0 0 X a 0 0 0 0 0
a 0 0 0 0 1 X b 1 0 0 0 0
a 0 0 0 1 0 X c 0 1 0 0 0
a 0 0 0 1 1 X d 0 1 1 0 0
b 1 0 0 X 1 X b 1 0 0 0 0
b 1 0 0 X 0 X a 0 0 0 0 0
c 0 1 0 X 0 0 a 0 0 0 1 0
c 0 1 0 X 1 0 b 1 0 0 1 0
c 0 1 0 X 0 1 c 0 1 0 1 0
c 0 1 0 X 1 1 d 0 1 1 1 0
d 0 1 1 X X 0 e 0 0 1 1 1
d 0 1 1 X X 1 d 0 1 1 1 1
e 0 0 1 X X X a 0 0 0 0 1
In case 1.1, the BCRT returns to idle state a. In case 1.2, which time it advances to state e. In this state, the
the ASM advances to state d, where SRDY is deasserted address buffers switch back to 80186 control. The data
causing the 80186 to wait until the BCRT is finished. The the processor is trying to read or write is passed. The

ASM stays in state d until DMACK is deasserted, at
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ASM then returns to state a, where the SRDY is
asserted and the 80186 completes its cycle.

In case 1.3, the 80186 requests access in the same cycle
that the BCRT has completed. In this case, state b is
entered and the processor performs a cycle as if the ASM
had started from an idle state.

In case 2 from above, the 80186 requests from an ASM
idle state. In this case, the ASM goes to state b. State b
prevents the BCRT from receiving a DMAG. On the
next cycle, the 80186 cycle is complete and the ASM
returns to idle state. For slower memories, wait states
may be added (with SRDY deasserted) between a and b.
However, care must be taken not to exceed the
maximum DMAR to DMAG times given in the BCRT
data sheet.

In case 3 from above, the BCRT and 80186 request at the
same time. In this case, the BCRT wins and the 80186
must wait (entering state d).

Figures 4 and S show timing diagrams for each of the
possible arbitration scenarios. These diagrams show the
transitions on a cycle-by-cycle basis of CLKOUT. For
exact timing delays for the 80186 or BCRT, consult the
appropriate data sheet.

MEeMORY CONTROL/ACCESS LOGIC

Figure 3 shows the connection of the remaining control
signals required in this interface. Note the use of bus

transceivers and latches to demultiplex the 80186
address/data bus. Also note the use of the RD, WR,
MEMCSI, RRD, RWR, and MEMCSO signals. If
additional memory devices or other peripherals are to be
placed in the 80186 system, they should have separate
bus transceivers and latches.

DMA CONFIGURATION

If additional memory devices and other peripherals are
put on the shared address/data bus shown in the diagram,
the pseudo-dual-port design is essentially converted to
DMA configuration. The arbitration algorithm must now
be used for all 80186 accesses. In this configuration, the
BCRT lacks a “local” data bus, eliminating several bus
buffers and latches. The disadvantage to this approach is
that the BCRT data transfers now compete with
non-1553-related activity on the host bus. In systems with
low bus throughput, this alternative may be an
acceptable.

SUMMARY

This note has shown a simple pseudo-dual-port RAM
implementation for a BCRT to 80186 interface. A
separate application note is available discussing a true
dual-port configuration.

For further information on UTMC products and
literature, please contact UTMC applications support.

BCRT is in peripheral space.
Memory is in midrange memory space 0.

RD RD
WR WR >
5ES o3 BCRT/
80186 MCS0 MEMCSI BCRTM/
Processor > BCRTMP
ALE o
ADDRESS BUS
AD(15-0) e ADDR(15-0)
DEN DATA BUS
DATA(15-0)
DT /R
RWR| MEMCSO
v

ADDR

DATA
8K x 16

RAM

Figure 3. System-Level Control Signals
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80186 Access with no Arbitration

Write T, T, T, T, Read T, T, 1'3 T,
crem LU L L L e
MACHINE a|] a| b| b] b] bjaa b| b| b]| b]

AD 16-1 P ata X X K >

Pcso/mcso [\ /[
v\ / S/
A \ / o [
51/ \ /A

Note:

If the BCRTM asserts DMAR while the state machine is in state b, it will have

to wait until the state machine returns to state a before its request will be processed
(processing then continues as shown below.)

BCRTM Access with no Arbitration

Write - T, T, Ty Ty PRead T T2 T3 T
ceer UL L
?Kc‘:ﬁm-: a| a| c J c I c I c I a a[ c [ c | c l c |

DMAR \ /
DMAG T\ /—

DMACK \__f—

Figure 4. Arbitration Timing Diagram
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80186/BCRTM Request at Same Time

CLKOUT

STATE
MACHINE

DMAR

DMAG

DMACK

PCS0 / MCSO

SRDY

80186 Requests While BCRTM is using the Bus (BCRTM is on Last Cycle)

STATE
MACHINE

DMAR

DMAG

DMACK

PCS0 / MCS0

c| c] | cf

b | b |

b | b |

Figure 5. Arbitration Timing Diagram
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80186 Requests While BCRT is using the Bus (BCRTM is not on Last Cycle)

CLKOUT

STATE
MACHINE

DMAR

DMAG

DMACK

PCS0 / MCS0

SRDY

\

Figure 5. Arbitration Timing Diagram (cont.)
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1.0 OVERVIEW

UTMC'’s quality assurance programs, reliability
programs, and military product programs are integrated
into the entire manufacturing process.

Our assurance programs support customer needs for
nearly every system requirement, regardless of how
stringent the application. We welcome the opportunity to
discuss how we may support your specific requirements.
This section is organized into three major parts: Quality
Assurance Programs, including general information about
UTMC'’s typical flow for Level B product and other
significant quality activities and capabilities; Reliability
Programs and Capabilities; and Military Product
Assurance Programs and Capabilities.

2.0 IntrRODUCTION TO UTMC's QuaLITY
ASSURANCE PROGRAM

Since 1980, UTMC has delivered advanced
high-reliability products to its customers. UTMC’s quality
assurance activity covers all phases of the manufacturing
process, including wafer fabrication, assembly, test,
screening, quality conformance procedures, statistical

process control, and documentation. UTMC routinely
passes on-site quality assurance audits from the country’s
most demanding military and aerospace companies.
UTMC has been approved to MIL-STD-45662,
MIL-1-45208, MIL-Q-9858, MIL-STD-883, as well as
MIL-M-38510.

The following section describes UTMC’s flow for Level
B screened product and describes the various capabilities
of the quality organization. Additional flows are
described in the Military Product Assurance capability
section.

2.1 General Information About Level B Flow For UTMC
Product

UTMC has established a Level B screening program for
those customers whose application simply requires the
assurance of a high-reliability screen. One-hundred
percent of the devices receive all tests in the production
and screening flow, as the flowchart shows. A brief
description of each step follows the flowchart (on page 4)
and describes the UTMC quality organization’s activities
and involvement during the manufacturing process. The
specific MIL-STD-883 test method is identified in
parentheses.
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2.1.1 Flowchart

| ' WAFER FAB ]
I

f WAFERlPROBE |

| DIE PREPARATION [

[

| DIE ATTACHMENT [

[

[ WIREBOND [

|

3RD OPTICAL INSPECTION
(internal visual Method 2010,
Condition B)
[

QA GATE

|
[ LID SEAL |

l

| MARK |

TEMPERATURE CYCLE
(Method 1010, Condition C)

|

CONSTANT ACCELERATION
(Method 2001, Condition E)

| PRE-BURN-IN ELECTRICAL TEST |

BURN-IN TEST (Method 1015,
Condition A or D,
160 hrs at +125°C minimum)

POST-BURN-IN ELECTRICAL TEST
(-55°C, +25°C, +125°C)

QA GATE

PDA (Percent Defective Allowable)
5% DC Failures at +25°C

! i QA MONITOR PROGRAM
SEAL HERMETICITY
(Method 1014)
EXTERNAL VISUAL INSPECTION
(Method 2009)
} I QA GATE
SHIPMENT
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2.1.2 Flowchart Explanation

Class 10 Wafer Fabrication

UTMC fabricates wafers in its Class 10 cleanroom.
Reticles and masks are verified before exposing the lot.
Scanning electron microscope (SEM) inspection monitors
each metal level for step coverage. Electrical parametric
process monitors are a routine part of the process for
every wafer lot. There are monitors on oxide integrity
and phosphorus content, and thickness controls on
deposited layers. C-V monitors assure the absence of
contamination.

2.1.3 Wafer Probe

The wafer contains many complete circuits (die). During
wafer probe, UTMC electrically tests each die on the
wafer. Circuits that fail the electrical test are marked
with an ink dot so they can easily be distinguished from
electrically good die.

2.1.4 Die Preparation

Once probed and inked, the wafers are sawn into
separate individual circuits (die). The circuits with ink
dots are discarded, and the electrically good die are
inspected at high magnification to ensure compliance to
visual criteria of MIL-STD-883, Method 2010. Visual
rejects, due to physical damage and wafer fabrication
defects, are also discarded.

2.1.5 Die Attachment

Using only electrically and visually good circuits, certified
operators mount the die in packages using qualified
die-attach processes. Die shear or studpull tests monitor
the integrity of the die attach.

2.1.6 Wirebond

UTMC uses semiautomatic ultrasonic wirebond
machines. This is a critical operation performed by
certified operators, who attach aluminum wires from the
die surface (bond pads) to posts that lead to external pins
on the device, thereby establishing electrical connections.
Destructive wirepull SPC (statistical process control)
monitors verify bond strength and compliance to military
specifications.

2.1.7 3rd Optical Inspection

Certified manufacturing operators inspect all devices
assembled using inspection criteria in MIL-STD-883,
Method 2010, which consists of a low power microscope
inspection from 30-60X, followed by a high power
inspection of 75-150X. At low power, the package cavity
and the wirebond condition are inspected, and at high
power, the die is inspected. Quality assurance then
performs a sample inspection to the same visual criteria.
Any lot rejected in the quality assurance inspection is
reinspected by manufacturing and resubmitted to quality
assurance.

2.1.8 Lid Seal

Devices are hermetically sealed with metal lids in a belt
furnace that has a controlled temperature ramp from
room temperature up to the solder seal temperature.
The seal furnace is monitored to assure that the water
vapor content is less than 5,000 ppm. Sealing is

performed in a nitrogen atmosphere and package
moisture is periodically monitored.

2.1.9 Mark

UTMC marks all devices with unique manufacturing part
numbers, lot identification, and date codes for
traceability as well as ESD markings and
customer-specific information, if required. The marking
is periodically tested for permanency and inspected 100%
for legibility.

2.1.10 Temperature Cycling

One-hundred percent of the devices are tested to
Method 1010 (Condition C) of MIL-STD-883, which
determines the resistance of devices to high and low
temperature extremes as well as to the effects of
exposure to extreme temperature gradients. For
Condition C, the temperature range is -65°C to +150°C.

2.1.11 Constant Acceleration

UTMC performs the constant acceleration test to a
stress level of 30,000 G (20,000 G for packages with inner
seals greater than 2 inches or mass greater than 2 grams)
per Method 2001 of MIL-STD-883 to cull devices that
have internal structural or mechanical weaknesses.

2.1.12 Pre-burn-in Electrical Test

Pre-burn-in electrical test is performed at UTMC’s
option. This test is designed to detect any electrical
defects caused during assembly or environmental tests.

2.1.13 Burn-in Test

The burn-in test eliminates marginal devices, those with
inherent defects or defects resulting from manufacturing
aberrations that cause early lifetime and
stress-dependent failures. UTMC performs this test per
MIL-STD-883, Method 1015.

2.1.14 Post-burn-in Electrical Test

Post-burn-in electrical tests verify the effects of burn-in.
A 5% PDA (percent defective allowed) is imposed on
post-burn-in DC electrical tests at +25°C. UTMC also
tests all parts at -55°C and +125°C to ensure that the
circuits will operate over the full military temperature
range. All devices receive DC, functional, and
propagation delay tests at all three temperatures (-55°C,
+25°C, +125°C). Quality assurance witnesses the tests
or performs a monitor of the setup and reviews the
results (see section 2.3.4).

2.1.15 Seal Hermeticity

The purpose of seal hermeticity is to determine the
integrity (hermeticity) of the seal on the devices. The fine
leak and gross leak testing conforms to MIL-STD-883,
Method 1014.

2.1.16 External Visual Inspection

An external visual inspection verifies that the device
materials, design, construction, markings, and
workmanship meet the specification. Manufacturing
operators perform the external visual inspection to
Method 2009 of MIL-STD-883, at a magnification of
3-10X. Quality assurance performs a gate inspection
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(sample) after manufacturing’s 100% inspection.
Manufacturing rescreens 100% of the lots rejected in the
quality assurance inspection and resubmits them to
quality assurance. Quality assurance also checks the
travelers for completeness, for necessary data, and to
ensure traceability requirements.

2.2 Other Significant Quality Activities And
Capabilities At UTMC

UTMC provides complete quality assurance capabilities
and services to internal customers as well as purchasers
of UTMC components. Fully qualified and trained
personnel, knowledgeable in supporting customers’
requirements, staff our departments.

2.3 Process Control

2.3.1 Statistical Process Control

UTMC has embarked on a company-wide Statistical
Process Control (SPC) effort to support the intent of and
letter of JEDEC Standard 19, General Standard for
Statistical Process Control. With the support and
involvement of management from the president to the
operators on the production floor, UTMC is placing all
critical nodes under SPC. On-line real-time methods
such as control charts support SPC efforts at critical
points in the fabrication process. UTMC’s goals through
these efforts are continual improvement of all product
and the development of products that are more reliable,
have less variation in their performance parameters, and
are thus made more efficiently. All of these efforts result
in the customer seeing a superior product at a reduced
cost.

2.3.2 Quality Assurance Inspections And Monitors
Work-in-process inspection gates and monitors enhance
the production process by ensuring process consistency
and component conformance from operation to
operation, and by providing information for tracking the
quality and yields of a given process. The quality
assurance staff performs the required inspections and
ensures that the proper departments generate and retain
required records in accordance with MIL-M-38510.
Quality assurance controls and assigns quality assurance
stamps.

2.3.3 Wafer Fabrication Process Monitors

UTMC quality assurance personnel visually inspect all
wafer lots at completion of the manufacturing process.
Quality assurance personnel also conduct a complete
traveler review on every lot. In addition to the gate
inspection, quality assurance also performs process
monitors at strategically placed locations throughout the
wafer fab process. Quality assurance also performs
environmental monitors, and conducts particle counts,
humidity checks, temperature checks, and production log
book audits on a periodic basis.

2.3.4 Monitor Program At Test
Quality assurance inspectors verify test hardware,
software, and test conditions to ensure that UTMC tests

devices in accordance with specifications requirements, in

lieu of performing a separate Group A electrical test,
when not specifically required. As with all specification

requirements, quality engineering reviews test programs
against customer requirements before use.

2.3.5 Off-line Monitors

For semiconductor manufacturing, process monitors are
important tools for process control. UTMC conducts
many of the off-line monitors such as boron and
phosphorous doping in oxides using Fourier-transform
infrared wavelength spectrophotometer (FTIR) and wet
chemistry methods, process gas monitoring using mass
spectral analysis, step coverage using cross-sectioning and
SEM analysis, die attach and bonding characteristics
using SEM and x-ray analysis. In addition, finished device
cross-sectioning (structural analysis) and spreading
resistance probing (SRP) are used to analyze doping
profiles and to evaluate the integrated process flow.

2.3.6 Outgoing Inspection

Prior to shipment, all lot documentation is verified
against the customer purchase order to ensure that the
product meets customer requirements. A certificate of
compliance, signed by a quality engineer, accompanies
each production shipment.

2.3.7 Nonconforming Material Handling

UTMC segregates any rejected material and then
submits it to a Material Review Board for disposition.
Representatives of quality assurance, engineering,
planning, and manufacturing comprise the Material
Review Board (MRB). All voting members approve
disposition of the material. The material must meet the
customer specification unless the customer has provided
written approval to waive the requirements.

2.4 Program Support

2.4.1 Incoming Quality Assurance (IQA)

UTMC ensures that all supplies and services from
external vendors conform to contract requirements.
Trained quality assurance personnel perform all incoming
inspection procedures. The sources and controls UTMC
exercises depend on the material’s use and the supplier’s
demonstrated performance capability. Package pieceparts
are evaluated using MIL-STD-883 test methods. Quality
assurance engineers review purchase orders before they
are placed with vendors, and also conduct periodic
vendor surveys. UTMC quality assurance maintains an
approved vendor list. Statistical process control is used
wherever possible to maintain critical parameters.
UTMC uses SEMI standard methods for routine
incoming chemical analysis prior to acceptance. The
equipment available in support of these evaluations
includes gas chromatograph (GC), atomic absorption
spectrophotometer (AA), ultraviolet/visible wavelength
spectrophotometer, Fourier-transform infrared
wavelength spectrophotometer (FTIR), and liquid ion
chromatograph (IC), as well as complete wet-lab
chemistry capability.

2.4.2 Metrology

UTMC’s metrology section maintains the calibration of
test and measuring equipment in accordance with
MIL-STD-45662. A computerized recall and
record-keeping system assures that UTMC uses only
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calibrated test and measuring equipment for device
acceptance testing, process monitoring, and equipment
setup.

2.4.3 Quality Audit Program

UTMC'’s quality audit program consists of roving process
checks, product inspections, and evaluations in all
UTMC manufacturing operations and support groups
that can affect quality, reliability, or yield. These audits
determine compliance of operators and inspectors to
procedures and specifications, evaluate the product status
and quality, and assess the effectivity of manufacturing
and quality assurance systems. UTMC maintains a
self-audit program in accordance with MIL-M-38510.
This program assures that UTMC’s Product Assurance
Programs maintain compliance to the applicable military
specifications. This program also assures that UTMC
maintains its quality system procedures and controls in
accordance with UTMC policies.

2.4.4 Major Change Notification

UTMC notifies all customers of any major change as
defined by MIL-M-38510. Major change notifications
include a thorough description of the proposed change
and, if requested, a test plan that demonstrates that the
change will not adversely affect performance, quality,
reliability, or interchangeability, and that the changed
product will continue to meet the customers’
specifications and expectations.

2.4.5 Quality Assurance Engineering Customer Support
Quality assurance engineers are assigned to specific
customers and review their customer’s specifications at
all stages of the customer-supplier relationship. Quality
assurance engineers are the liaisons for all customer
surveys and audits. UTMC makes every effort to
accommodate the customer’s needs for understanding
our capability to manufacture a device meeting his
requirements. We are also fully prepared to support
customer or government source inspections.

2.4 6 Quality Assurance Manual

UTMC maintains a comprehensive quality assurance
policy manual, which is available to customers at all
times. The manual describes UTMC’s quality and
reliability practices, references controlled procedures and
specifications, and is updated periodically.

2.4.7 Document Control

Document control ensures the adequacy, uniformity, and
currentness of all documentation used or referenced
during the design or manufacture of UTMC’s IC devices.
Controlled documentation is an integral part of the
quality assurance program that satisfies customer quality
requirements, and is concerned with traceability of
product, effective change control, and the documentation
that describes product configuration. Documentation
practices are based on the requirements of DOD-D-1000
and DOD-STD-100. Changes in product description,
materials, or procedures used to assemble product cannot
be implemented until the change assessment is made and
proper documentation is in place. UTMC’s document-
ation meets the requirements of MIL-M-38510 and
MIL-STD-976 for process change control, including

record retention and archive. Any changes to process or
product become part of the historical record in our
documentation, thus providing full traceability of how a
product was fabricated.

Document control makes a record of the document
change and stores the records for approved document
changes in accordance with MIL-M-38510. This
information is essential to building UTMC'’s statistical
data files and for test or screening analysis.

2.4.8 Document Change Control

Document change control provides a record of approved
changes to process, procedure, raw material, or other
controlled documents. Document change control
provides the means for initiating new documents or
updating existing documents as necessary to assure that
manufacturing uses only approved documents to produce
product. Quality assurance engineers are required to
approve changes for all manufacturing documentation.

UTMC'’s document control has full word processing
capabilities and computerized document tracking, which
contribute to providing prompt document updates.
Document control also assures that documents are well
organized and grammatically correct so that readers
easily understand instructions and information.
Document control distributes controlled documents to
manufacturing and engineering areas and removes
expired or withdrawn documents from the controlled
document stations. Having this responsibility centralized
provides assurance that product is built to the correct
revisions of all processes.

2.4.9 Materials Analysis Services

Materials analysis services are contained in a
well-equipped laboratory with chemical services,
drainage, and ventilation. Within the laboratory,
advanced analytical equipment is available for routine
evaluations as well as developmental requests. In
addition to incoming materials evaluations and off-line
process monitors, the laboratory performs process
evaluations and failure analysis. These services enable
UTMC to satisfy customer concerns with respect to
technology evaluation.

UTMC conducts process and equipment evaluations,
defect identification, as well as failure analysis
inspections, using optical microscopes and two scanning
electron microscopes (SEMs) capable of in situ elemental
identification using WDX (wavelength dispersive x-ray)
and EDS (energy dispersive spectroscopy) methods. For
these evaluations, UTMC uses metallurgical sectioning
and polishing methods in sample preparation.
Evaluations may include top view and cross-section
photomicrographs, structural analysis, and Spreading
Resistance Probe (SRP) junction profiles. The laboratory
performs SEM step-coverage analysis and destructive
physical analysis (DPA) in conformance with MIL-STD
requirements.

For product that requires failure analysis, Materials
Analysis performs the evaluation. The failure analysis
support extends from electrical test rejects, to failures to
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MIL-STD tests, to customer returns. In addition to full
electrical characterization available on the electrical test
systems, bench test techniques such as microprobing,
laser isolation, and liquid crystal mapping are used in
diagnosis. Deprocessing may include acid and plasma
etching, with inspections conducted on the SEM. Failure
analysis reports are available to the customer on all
return material authorization requests (RMAs).

3.0 UTMC ReLIABILITY CAPABILITIES

The UTMC reliability department’s charter is to verify
product reliability performance using accelerated
methods and to conduct product testing to satisfy
conformance requirements established internally as well
as those the military or the customer may specify.

The reliability department uses procedures that comply
with recognized industry test methodologies as well as
MIL-M-38510 and MIL-STD-883 requirements. Certified
personnel conduct testing on calibrated equipment using
fully documented test methods. UTMC uses
industry-recognized statistical methods in selecting
sample sizes and evaluating test results.

Equipment to conduct most reliability test methods is
located on-site. For tests that require externally
contracted service, we use only recognized laboratories
that have satisfied UTMC audits of their compliance to
our requirements.

Reliability tests product under numerous conditions for a
complete understanding of product reliability throughout
the manufacturing cycle. Testing begins during the
process development cycle, continues through
qualification, and extends into monitors of the
manufacturing process. Test methods include wafer-level
testing for quick-turn monitoring of the fabrication
process, steady-state life testing as the formal method of
accelerating use conditions, and mechanical and
environmental tests to determine tolerance under
exposure to harsh environments. Because of the
numerous product variations permitted with customer
specific designs, UTMC performs much of the testing
using a Standard Evaluation Circuit (SEC). Thus, UTMC
can assure high reliability prior to delivery of product to
the customer.

3.1 Wafer-level Reliability Testing

UTMC recognizes that product performance requires
that technology development decisions be undertaken
with reliability as a key consideration. In support of this
belief, the reliability department conducts wafer-level
evaluations of product and test circuits during the
decision-making phases of process development. These
evaluations include transistor lifetime (hot-carrier
injection), oxide lifetime (time-dependent dielectric
breakdown), metalization lifetime under
electromigration, and thermal and physical stresses
directed at evaluation of void formation in aluminum.
Process development selects the manufacturing
technology only after achieving established performance
targets on these wafer-level tests.

3.2 Steady-state Life Test

Reliability conducts steady-state life testing of product
using temperature and voltage acceleration from
operating conditions on all manufacturing technologies
using package configurations that include DIP, LCC,
PGA, and Cerquad. Reliability determines potential
product failure mechanisms and projects failure rates
using data from these tests. These tests conform to
MIL-STD-883, Method 1005.

3.3 Mechanical Tests

Reliability conducts various mechanical tests to qualify
the materials and manufacturing technology at
mechanical fatigue levels above projected use. These
tests include constant acceleration, lead integrity, severe
shock (mechanical shock), and product tolerance to
vibration. These tests conform to MIL-STD-883,
Methods 2001, 2002, 2004, and 2007.

3.4 Environmental Tests

Reliability conducts environmental tests to ensure
package integrity under harsh environments such as
exposure to humidity, salt, temperature cycling, and
thermal shock. All package outlines complete these tests
as part of qualification. These tests conform to
MIL-STD-883, Methods 1004, 1009, 1010, and 1011.

3.5 Circuit Performance Evaluation

Reliability evaluates circuit performance with respect to
electrostatic discharge sensitivity (ESDS) and latchup
susceptibility. Our ESD testing conforms to
MIL-STD-883, Method 3015.

3.6 Radiation Testing

UTMC produces integrated circuits that satisfy the
highest levels of radiation tolerance specified for military
and space applications. To assure acceptable performance
and radiation tolerance, UTMC qualifies manufacturing
processes and tests each radiation-hardened fabrication
lot on-site. This testing includes wafer-level transistor
performance and radiation tolerance monitoring using an
Aracor x-ray irradiation system. Radiation tolerance
testing also includes the functional testing of packaged
devices after exposure to gamma rays from an on-site
cobalt 60 source. This packaged device testing conforms
to MIL-STD-883, Method 1019.

4.0 MiLITARY PRODUCT ASSURANCE
CAPABILITIES

UTMC has several ongoing Product Assurance Programs
to satisfy the demanding requirements of aerospace and
defense systems. UTMC is capable of manufacturing
product compliant to MIL-STD-883, Level S and Level
B, Standard Military Drawing (SMD) devices, JAN
MIL-M-38510 qualified standard product, and JAN
MIL-M-38510 gate array qualified product. These
programs, described in the following pages, allow
customers to select the Product Assurance Program that
best meets their system requirements. For the various
programs, UTMC maintains critical design and
traceability documentation, including process
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travelers/flowcharts, design baselines, design files,
current density calculations, and major change control.
These services fully support customers’ product
assurance program requirements.

4.1 UTMC Level S Program

UTMC’s Level S Program satisfies customers’
requirements for space application systems. These
applications include rocket launch vehicles, manned
spacecraft, satellites, and strategic weapons. The program
ensures the highest level of reliability. This reliability is
essential where a single failure could be catastrophic to
system performance. UTMC achieves the highest level of
reliability by processing, monitoring, and inspecting
product to the strict Level S requirements of
MIL-STD-883. This includes meeting the Level S
process control requirements of MIL-M-38510 and
MIL-STD-976.

UTMC verifies the integrity of the wafer lot by
performing wafer lot acceptance to MIL-STD-883,
Method 5007, which verifies film thicknesses, gate oxide
integrity, and metalization interconnect quality. Die
attach and wirebond assembly operations quality is tightly
controlled in accordance with the Level S requirements
of MIL-STD-976. UTMC uses the Level S lot formation
and rework controls of MIL-M-38510 to assure lot
uniformity and removal of defective product. Where
non-destructive bondpull testing is not feasible to verify
the integrity of wirebonds, such as for high pincount
packages, UTMC uses statistical process control
techniques. Product screening flows can accommodate
both static and dynamic burn-ins as defined by system
requirements to eliminate infant mortality or ionic
contamination failures devices. Automated delta
calculation capability assures accurate results for critical
system parameters. UTMC can also perform total dose
irradiation testing internally to verify product radiation
hardness. Data summaries for wafer lot acceptance,
screening results, quality conformance inspections, and
other process information is available to customers upon
request. See UTMC’s Level S Program brochure for
more details on the Level S process flow and inspection
requirements.

4.2 JAN MIL-M-38510 Gate Arrays

UTMC has established JAN certifications and
qualifications to build CMOS gate arrays to the generic
family qualification requirements in military detail
specifications MIL-M-38510/605, 606, 607. These generic
family qualifications allow UTMC to supply its customers
JAN gate arrays without having to go through the added
time and expense of qualifying each design
personalization. The design system and process controls
assure that the entire product family meets the quality
and reliability requirements for military and defense
applications. Once a customer’s circuit design is ready for
production, UTMC manufactures the product and
performs lot-specific quality conformance inspections,
and delivers the product as JAN-qualified. This enables
customers to receive CMOS gate arrays to the JAN
quality/reliability level established for defense
applications.

Each design receives a standard set of Design Rule
Checks (DRC), Electrical Rule Checks (ERC), and
Layout versus Schematic (LVS) checks to verify the
integrity of the customer’s design.

UTMC has developed standard evaluation circuits (SEC)
for assessing product reliability. These evaluation circuits
exercise the design process by maximizing use of the cell
family, and exercise the layout and fabrication processes
by maximizing routing and silicon use. The standard
evaluation circuits flow through the entire manufacturing
process (design, layout, simulation, fabrication, assembly,
inspection, and testing) using specified UTMC
procedures. With these worst-case designs, the
technology receives full-scale evaluation prior to
customer product delivery. The SEC establishes the
initial qualification of each process family and serves as
an ongoing reliability monitor. This eliminates the need
for costly qualifications on individual customer designs
from the same product family and reduces the lead time
for delivering gate array products to customers.

This program also generically qualifies packages with the
same case outline style (e.g. pingrid arrays). The
worst-case package (usually the package with the highest
pincount) within a given case outline style receives the
quality and reliability tests the JAN detail specification
defines. This testing establishes the qualification of the
given package family and eliminates the added cost and
time to qualify.

4.3 JAN MIL-M-38510 Standard Product

UTMC has the capability to establish JAN qualification
of its standard products for those customers whose
systems demand the JAN quality level. The Defense
Electronics Supply Center (DESC), Dayton, Ohio,
certified UTMC’s wafer fabrication, assembly, screening,
and test capabilities to build JAN Level B CMOS
product. The qualification and quality conformance
procedures meet the Groups A, B, C, and D inspection
requirements of MIL-M-38510. The successful
completion of the qualification tests results in a listing on
the Qualified Products List (QPL-38510). DESC
periodically audits the JAN-certified line to assure that
UTMC maintains MIL-M-38510 requirements. The U.S.
Government Defense Contracts Administrative Service
(DCAS) monitors qualification and production lots to
assure that we build product to military specifications.

4.4 Standard Military Drawings (SMD)

UTMC establishes Standard Military Drawings (SMDs)
on many of its standard products upon their initial
release. SMDs help minimize the number of source
control drawings (SCDs) generated for a given standard
product. The ease in generating SMDs permits
immediate standardization in the military systems parts
procurement programs. Such standardization helps
minimize part number tracking, allows the use of the
same part number for multiple systems, and reduces
inventory costs. Also, SMD devices are built in
compliance with MIL-STD-883, Level B, requirements
specified for many military and defense systems.
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The SMD program eliminates added time and cost for
UTMC and its customers in generating and reviewing
customers’ source control drawings (SCDs). UTMC
generates the drawings quickly by being on-line with
DESC'’s telecommunication SMD system. This system
allows immediate transmission and review of SMD
drawings as they are generated, which significantly
reduces the lead times for releasing drawings for
customers’ use. SMDs receive recognition and approval
by program offices when compliance to MIL-STD-883,
Level B, is imposed on system requirements.

4.5 MIL-STD-883 Class B Program

UTMC maintains a compliancy program for those
products not JAN qualified nor listed on an SMD. This
program supports Class B products with radiation
hardness requirements of 1.0 x 105

or 1.0 x 10¢ total dose, and also supports customers’
SCDs that require Class B product compliant to
MIL-STD-883. UTMC has implemented the
requirements of MIL-STD-883, paragraph 1.2.1, which

includes meeting the screening requirements of Method
5004 and the qualification and conformance requirements
of Method 5005, Groups A, B, C, and D. UTMC also has
the internal capability to perform Group E total dose
irradiation testing for products requiring radiation
hardness testing. The following flow diagrams further
describe the Class B screening and quality inspection
flows.

UTMC has implemented Method 5010 to support small
lot quantities for complex devices. This program provides
several time and cost advantages for customers. Incoming
package evaluations allow reduction of end-of-line
quality conformance inspections, and generic process
qualifications eliminate individual design qualifications.
Method 5010 allows an alternate procedure for QA
verification of production electrical test setup in lieu of a
separate Group A electrical test. Sample sizes are
smaller for Groups C and D, die and package, reliability
tests. See the following inspection flows.
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5.0 MIL-STD-883, Crass B, QuaLiTy CONFORMANCE INsPECTION (QCI)

5.1 MIL-STD-883, Class B, M5005, Quality Conformance tests are in compliance with the required methods
Inspection detailed in MIL-STD-883.

UTMC performs Group A, B, C and D tests as military

specifications require or as the customer specifies. All

Group A Testing Each Lot

Group B Group C Group D
Construction Tests Die-related Tests Package Tests
Each Lot Every 4 Qtrs. Every 52 Weeks

MIL-STD-883, Class B, M5005, Quality Conformance
Inspection - Groups B & C

GROUP B
Construction Tests

Subgroup 2 | | Subgroup 3 ] [ Subgroup 5

Resglitﬁ,r;;etsto Solderability Bond Strength
Method 2015 Method 2003 Method 2011
GROUP C

Die-related Tests

Subgroup 1 ]

Steady-state Life Test
Method 1005

Endpoint Electrical T estJ
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MIL-STD-883, Class B, M5005, Quality Conformance Inspection - Group D

GROUP D
Package Tests

l Subgroup 1 I I Subgr

oup 3' lSubgroup 4 I ISubgr

oup § I lSubgr

oup 6—I l Subgr:

oup 7“ Subgroup 8

Physical
Dimensions
Method
2016

Mechanical
Shock
Method
2002

Vibration,
Variable
Frequency
Method

2007

Constant

Acceleration

Method
2001

Seal Tests
Method
1014
Conditions
B and C2

Visual
Examination

Salt Internal
Atmosphere Water
Method Vapor
1009 Content
Method
1018
Seal Tests
Method
1014
Conditions
B and C2
Visual

Examination

oup 2| lSubgr
Lead Thermal
Integrity Shock
Method Method
2004 1011
or Method Condition
2028, B
as applicable
Temperature
Cycling
Seal Tests Method
Method 1014|1010
Conditions B
and C2
(Frit Seal Moisture
Only) Resistance
Method
1004
Go/No-Go
Electrical
Test
Seal Tests
Method
1014
Conditions
B and C2
Visual

Examination

Go/No-Go
Electrical

Test

Adhesion
of Lead
Finish
Method
2025
(excluding
LCC
packages)

Lid
Torque
(Frit Seal
Only)
Method
2024
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5.2 MIL-STD-883, Class B, M5010 Quality Conformance

Inspection

detailed in MIL-STD-883.

UTMC performs Group A, B, C and D tests as military
specifications require or as the customer specifies. All

Group A Testing Each Lot

Group B

Construction Tests

Each Lot

Group C
Die-related Tests
Every 3 Months

tests are in compliance with the required methods

MIL-STD-883, Class B, M5010, Quality Conformance
Inspection - Group B

Group D
Package Tests
Every 6 Months

Group B

Construction Tests

Subgroup Subgroup Subgroup Subgroup Subgroup Subgroup Subgroup
1 3 4 5 6 7 8
Physical Resistance to Internal Bond Strength Die Shear Solderability Seal Tests
Dimensions Solvents Visual and Ultrasonic Test Method Method
Method 2016 | | Method 2015 Mechanical Wedge Method 2019 2003 1014
Method 2014 ||Method 2011 Conditions
B and C2
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MIL-STD-883, Class B, M5010, Quality Conformance Inspection - Group C

Group C
Die-related Tests

Subgroup 1 Subgroup 2
External Visual Steady-state Life Test
Method 2009 Method 1005

Temperature Endpoint Electricals

Cycling

Method 1010
Condition C,
100 cycles min.

Constant
Acceleration
Method 2001

Seal Tests
Method 1014
Conditions
B and C2

Visual
Examination

Endpoint
Electricals
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MIL-STD-883, Class B, M5010, Quality Conformance Inspection - Group D

Group D
Package Tests

f Subgroup 1 l

[ Subgroup 2

Internal Water Vapor Content
Method 1018

Moisture Resistance
Method 1004

|

Subgroup 3

|

Salt Atmosphere
Method 1009

MIL-STD-883, Class B, M5005 and M5010, Quality Conformance Inspection - Group E

Group E
Radiation Hardness Test

l Subgroup 2 I

Steady-state Total Dose Irradiation
Method 1019
+25°C at Maximum Supply Voltage

Endpoint Electrical Parameters
at +25°C
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Package Selection Guide

Package

Product

RTI

RTMP

RTR

BCRT

BCRTM

BCRTMP

RTS

XCVR

24-pin DIP
(single cavity)

36-pin DIP
(dual cavity)

68-pin PGA

84-pin PGA

144-pin PGA

68-lead LCC

84-lead LCC

36-lead FP
(dual cavity)
(50-mil ctr)

84-lead FP

84-lead FP

132-lead FP
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JAN/SMD Product Ordering Information

To order a UTMC JAN or SMD product, please refer to the following information.
DRAWING NUMBER ** * *

j - LEAD FINISH:
X=Any
A=Solder
C=Gold

CASE OUTLINE:
JAN:

Z=PGA

X=LCC

Y=FP

SMD (refer to specification):
X=PGA, 36 DIP

Z=LCC, 36 FP (50 mil)
Y=FP, 36 FP (100 mil)

U=24 DIP

DEVICE TYPE--refer to specification
JAN:

38510/555 = UT1553B RTI

SMD:

5962-88645S =UT1553 RTMP
5962-89576 =UT1553B RTR
5962-89575 =UT1760A RTS
5962-88628 =UT1553B BCRT
5962-89577 =UT1553B BCRTM
5962-89501 =UT1553 BCRTMP
5962-88644 =UT63M1xx XCVR
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UTMC Standard Product Ordering Information

To order a UTMC standard product, please refer to the following information.

* Kk k¥ * % * * *
UT*** =

T 7 L=

Total Dose:
(H) 1E6 rads(Si) guaranteed via MIL-STD-883,
Method 1019, Group E testing required
(R) 1ES5 rads(Si) guaranteed via MIL-STD-883,
Method 1019, Group E testing required
(D) 1E4 rads(Si) guaranteed via MIL-STD-883,
Method 1019, Group E testing required
(M) 3E3 rads(Si) guaranteed via MIL-STD-883,
Method 1019, Group E testing required
(6) 1E6 rads(Si) radiation-hardened processing,
Group E testing required
(5) 1ES5 rads(Si) radiation-hardened processing
(4) 1E4 rads(Si) radiation-hardened processing
(3) 3E3 rads Si) radiation-hardened processing
() Not guaranteed for total dose

Manufacturing Flow:

(S) Level S processing to selected methods of 5004 and Group A of
Method 5005

(B) Class B (Compliant non-JAN)

(A) Level B 5004 screened (Does not include Method 5005.)

(C) Modified high-reliability flow (-55°C to 125°C. Not available
with radiation hardening.)

(P) Prototype (Not available with radiation hardening. Lead finish
is at factory discretion.)

Package Type:
(A) Ceramic Leadless Chip Carrier (LCC)
(B) Ceramic Side-Brazed, Dual Cavity Dual-In-Line (DIP)
(C) Ceramic Flatpack, Dual Cavity (50 mil-lead centers)
(D) Ceramic Flatpack, Dual Cavity (100 mil-lead centers)
(G) Ceramic Pingrid Array (PGA)
(P) Ceramic Side-Brazed Dual-In-Line (DIP)
(W) Ceramic Flatpack

84 leads and fewer: solder finish leads

132 leads and greater: gold finish leads

Speed/Access Grade

Device Type
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DEPARTMENT OF DEFENSE
Washington D.C. 20360

Aircraft Internal Time Division Command/Response Multiplex Data Bus

MIL-STD-1553B

1. This Military Standard is approved for use by all Departments and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of use in
improving this document should be addressed to: Aeronautical Systems Division, Attn: ENA1, Wright-Patterson Air

Force Base 45433, by using the self-addressed Standardization Document Improvement Proposal (DD Form 1426)
appearing at the end of this document or by letter.
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FOREWORD

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

iii
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1. SCOPE
1.1 Scope. This standard establishes requirements for digital, command/response, time division multiplexing (Data Bus)
techniques on aircraft. It encompasses the data bus line and its interface electronics illustrated on figure 1, and also

defines the concept of operation and information flow on the multiplex data bus and the electrical and functional
formats to be employed.

1.2 Application. When invoked in a specification or statement of work, these requirements shall apply to the multiplex
data bus and associated equipment which is developed either alone or as a portion of an aircraft weapon system or
subsystem development. The contractor is responsible for invoking all the applicable requirements of this Military
Standard on any and all subcontractors he may employ.

2. REFERENCED DOCUMENTS

2.1 Issue of document. The following document, of the issue in effect on date of invitation for bid or request for
proposal, forms a part of the standard to the extent specified herein.

SPECIFICATION
MILITARY
MIL-E-6051 Electromagnetic Compatibility Requirements, Systems

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

3. DEFINITIONS

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

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

3.3 Pulse code modulation (PCM). The form of modulation in which the modulation signal is sampled, quantized, and
coded so that each element of information consists of different types or numbers of pulses and spaces.

3.4 Time division multiplexin M). The transmission of information from several signal sources through one
communication system with different signal samples staggered in time to form a composite pulse train.

3.5 Half duplex. Operation of a data transfer system in either direction over a single line, but not in both directions on
that line simultaneously.

3.6 Word. In this document a word is a sequence of 16 bits plus sync and parity. There are three types of words:
command, status and data.
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Figure 1. Sample multiplex data bus architecture.
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3.7 Message. A single message is the transmission of a command word, status word, and data words if they are specified.
For the case of a remote terminal to remote terminal (RT to RT) transmission, the message shall include the two
command words, the two status words, and data words.

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

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

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

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

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

3.13 Remote terminal (RT). All terminals not operating as the bus controller or as a bus monitor.
3.14 Asynchronous operation. For the purpose of this standard, asynchronous operation is the use of an independent

clock source in each terminal for message transmission. Decoding is achieved in receiving terminals using clock
information derived from the message.

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

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

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

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

3.19 Mode code. A means by which the bus controller can communicate with the multiplex bus-related hardware, in
order to assist in the management of information flow.
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4. GENERAL REQUIREMENTS

4.1 Test and operating requirements. All requirements as specified herein shall be valid over the environmental
conditions which the multiplex data bus system shall be required to operate.

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

4.3 Characteristics.

4.3.1 Data form. Digital data may be transmitted in any desired form, provided that the chosen form shall be compatible
with the message and word formats defined in this standard. Any unused bit positions in a word shall be transmitted as
logic zeros.

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

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

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

4.3.3.3 Transmission bit rate. The transmission bit rate on the bus shall be 1.0 megabit per second with a combined
accuracy and long-term stability of +/- 0.1 percent (i.e., +/- 1000 Hertz (Hz)). The short-term stability (i.e., stability
over 1.0 second interval) shall be at least 0.01 percent (i.e., +/- 100 Hz).

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

4.3.3.5 Word formats. The word formats shall be as shown on figure 3 for the command, data, and status words.
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4.3.3.5.1 Command word. A command word shall be comprised of a sync waveform, remote terminal address field,
transmit/receive (T/R) bit, subaddress/mode field, word count/mode code field, and a parity (P) bit (see figure 3).

4.3.3.5.1.1 Sync. The command sync waveform shall be an invalid Manchester waveform as shown on figure 4. The width
shall be three bit times, with the sync waveform being positive for the first one and one-half bit times, and then negative
for the following one and one-half bit times. If the next bit following the sync waveform is a logic zero, then the last half
of the sync waveform will have an apparent width of two clock periods due to the Manchester encoding.

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

4.3.3.5.1.3 Transmit/receive. The next bit following the remote terminal address shall be the T/R bit, which shall indicate
the action required of the RT. A logic zero shall indicate the RT is to receive, and a logic one shall indicate the RT is to
transmit.

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

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

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

4.3.3.5.1.7 Optional mode control. For RT’s exercising this option a subaddress/mode code of 00000 or 11111 shall imply
that the contents of the data word count/mode code field are to be decoded as a five bit mode command. The mode
code shall only be used to communicate with the multiplex bus related hardware, and to assist in the management of
information flow, and not to extract data from or feed data to a functional subsystem. Codes 00000 through 01111 shall
only be used for mode codes which do not require transfer of a data word. For these codes, the T/R bit shall be set to 1.
Codes 10000 through 11111 shall only be used for mode codes which require transfer of a single data word. For these
mode codes, the T/R bit shall indicate the direction of data word flow as specified in 4.3.3.5.1.3. No multiple data word
transfer shall be implemented with any mode code. The mode codes are reserved for the specific functions as specified
in table I and shall not be used for any other purpose. If the designer chooses to implement any of these functions, the
specific codes, T/R bit assignments, and use of a data word, shall be used as indicated. The use of the broadcast
command option shall only be applied to particular mode codes as specified in table I
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4.3.3.5.1.7.1 Dynamic bus control. The controller shall issue a transmit command to an RT capable of performing the bus
control function. This RT shall respond with a status word as specified in 4.3.3.5.3. Control of the data bus passes from
the offering bus controller to the accepting RT upon completion of the transmission of the status word by the RT. If the
RT rejects control of the data bus, the offering bus controller retains control of the data bus.

4.3.3.5.1.7.2 hronize (with word). This command shall cause the RT to synchronize (e.g., to reset the
internal timer, to start a sequence, etc.). The RT shall transmit the status word as specified in 4.3.3.5.3.

4.3.3.5.1.7.3 Transmit status word. This command shall cause the RT to transmit the status word associated with the last
valid command word preceding this command. This mode command shall not alter the state of the status word.

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

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

4.3.3.5.1.7.6 Qverride transmitter shutdown. This command (to only be used with dual redundant bus system) shall cause
the RT to enable a transmitter which was previously disabled. The RT shall not comply with a command to enable a
transmitter on the bus from which this command is received. In all cases, the RT shall respond with a status word as
specified in 4.3.3.5.3 after this command.

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

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

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

4.3.3.5.1.7.10 Reserved mode codes (01001 to 01111). These mode codes are reserved for future use and shall not be
used.
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NOTE: To be determined (TBD)

00001
00010

00100
00101
00110
00111
01000
01001

'

01111
10000
10001
10010
10011
10100
10101
10110

'

11111

TABLE 1. Assigned mode codes

nction
Dynamic Bus Control
Synchronize
Transmit Status Word
Initiate Self Test
Transmitter Shutdown
Override Transmitter Shutdown
Inhibit Terminal Flag Bit
Override Inhibit Terminal Flag Bit
Reset Remote Terminal

Reserved

'

Reserved

Transmit Vector Word

Synchronize

Transmit Last Command

Transmit BIT Word

Selected Transmitter Shutdown

Override Selected Transmitter Shutdown

Reserved

'

Reserved

10

Associated
Data Word

No
No
No
No
No
No
No
No
No
No

'

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Broadcast
Command Allowed

No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes

No
Yes
No
No
Yes

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

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

4.3.3.5.1.7.13 Transmit last command word. This command shall cause the RT to transmit its status word as specified in
4.3.3.5.3 followed by a single data word which contains bits 4-19 of the last command word, excluding a transmit last
command word mode code received by the RT. This mode command shall not alter the state of the RT’s status word.

43.3.5.1.7.14 it built-in- word. This command shall cause the RT to transmit its status word as specified
in 4.3.3.5.3 followed by a single data word containing the RT BIT data. This function is intended to supplement the
available bits in the status word when the RT hardware is sufficiently complex to warrant its use. The data word,
containing the RT BIT data, shall not be altered by the reception of a transmit last command or a transmit status word
mode code. This function shall not be used to convey BIT data from the associated subsystem(s).

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

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

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

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

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

1
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4.3.3.5.2.2 Data. The sixteen bits following the sync shall be utilized for data transmission as specified in 4.3.2.
4.3.3.5.2.3 Parity. The last bit shall be utilized for parity as specified in 4.3.3.5.1.6.

4.3.3.5.3 Status word. A status word shall be comprised of a sync waveform, RT address, message error bit,
instrumentation bit, service request bit, three reserved bits, broadcast command received bit, busy bit, subsystem flag bit,
dynamic bus control acceptance bit, terminal flag bit, and a parity bit. For optional broadcast operation, transmission of
the status word shall be suppressed as specified in 4.3.3.6.7.

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

4.3.3.5.3.2 RT address. The next five bits following the sync shall contain the address of the RT which is transmitting the
status word as defined in 4.3.3.5.1.2.

4.3.3.5.3.3 Message error bit. The status word bit at bit time nine (see figure 3) shall be utilized to indicate that one or
more of the data words associated with the preceding receive command word from the bus controller has failed to pass
the RT’s validity tests as specified in 4.4.1.1. This bit shall also be set under the conditions specified in 4.4.1.2, 4.4.3.4 and
4.4.3.6. A logic one shall indicate the presence of a message error, and a logic zero shall show its absence. All RT’s shall
implement the message error bit.

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

4.3.3.5.3.5 Service request bit. The status word bit at bit time eleven (see figure 3) shall be reserved for the service
request bit. The use of this bit is optional. This bit, when used, shall indicate the need for the bus controller to take
specific predefined actions relative to either the RT or associated subsystem. Multiple subsystems, interfaced to a single
RT, which individually require a service request signal shall logically OR their individual signals into the single status
word bit. In the event this logical OR is performed, then the designer must make provisions in a separate data word to
identify the specific requesting subsystem. The service request bit is intended to be used only to trigger data transfer
operations which take place on an exception rather than periodic basis. A logic one shall indicate the presence of a
service request, and a logic zero its absence. If this function is not implemented, the bit shall be set to zero.

4.3.3.5.3.6 Reserved status bits. The status word bits at bit times twelve through fourteen are reserved for future use and
shall not be used. These bits shall be set to a logic zero.
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4.3.3.5.3.7 Broadcast command received bit. The status word at bit time fifteen shall be set to a logic one to indicate that
the preceding valid command word was a broadcast command and a logic zero shall show it was not a broadcast
command. If the broadcast command option is not used, this bit shall be set to a logic zero.

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

4.3.3.5.3.9 Subsystem flag bit. The status word bit at bit time seventeen (see figure 3) shall be reserved for the subsystem
flag bit. The use of this bit is optional. This bit, when used, shall flag a subsystem fault condition, and alert the bus
controller to potentially invalid data. Multiple subsystems, interfaced to a single RT, which individually require a
subsystem flag bit signal, shall logically OR their individual signals into the single status word bit. In the event this
logical OR is performed, then the designer must make provisions in a separate data word to identify the specific
reporting subsystem. A logic one shall indicate the presence of the flag, and a logic zero its absence. If not used, this bit
shall be set to logic zero.

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

4.3.3.5.3.11 Terminal flag bit. The status word bit at bit time nineteen (see figure 3) shall be reserved for the terminal
flag function. The use of this bit is optional. This bit, when used, shall flag a RT fault condition. A logic one shall
indicate the presence of the flag, and a logic zero, its absence. If not used, this bit shall be set to logic zero.

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

4.3.3.5.4 Status word reset. The status word bit, with the exception of the address, shall be set to logic zero after a valid
command word is received by the RT with the exception as specified in 4.3.3.5.1.7. If the conditions which caused bits in
the status word to be set (e.g., terminal flag) continue after the bits are reset to logic zero, then the affected status word
bit shall be again set, and then transmitted on the bus as required.

4.3.3.6 Message formats. The messages transmitted on the data bus shall be in accordance with the formats on figure 6
and figure 7. The maximum and minimum response times shall be as stated in 4.3.3.7 and 4.3.3.8. No message formats,
other than those defined herein, shall be used on the bus.
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4.3.3.6.1 Bus controller to rem rminal transfers. The bus controller shall issue a receive command followed by the
specified number of data words. The RT shall, after message validation, transmit a status word back to the controller.
The command and data words shall be transmitted in a contiguous fashion with no interword gaps.

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

4.3.3.6.3 Rem inal to rem rminal t . The bus controller shall issue a receive command to RT A
followed contiguously by a transmit command to RT B. RT B shall, after command validation, transmit a status word
followed by the specified number of data words. The status and data words shall be transmitted in a contiguous fashion
with no gap. At the conclusion of the data transmission by RT B, RT A shall transmit a status word within the specified
time period.

4.3.3.6.4 mmand with word. The bus controller shall issue a transmit command to the RT using a mode
code specified in table I. The RT shall, after command word validation, transmit a status word.

4.3.3.6.5 Mode command with data word (transmit). The bus controller shall issue a transmit command to the RT using a
mode code specified in table I. The RT shall, after command word validation, transmit a status word followed by one
data word. The status word and data word shall be transmitted in a contiguous fashion with no gap.

4.3.3.6.6 Mode command with data word (receive). The bus controller shall issue a receive command to the RT using a
mode code specified in table I, followed by one data word. The command word and data word shall be transmitted in a
contiguous fashion with no gap. The RT shall, after command and data word validation, transmit a status word back to
the controller.

4.3.3.6.7 Optional broadcast command. See 10.6 for additional information on the use of the broadcast command.
433.6.7.1 B ntroller to remote terminal nsfer (br . The bus controller shall issue a receive command

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

14
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4.3.3.6.7.2 Remote terminal to remote terminal(s) transfers (broadcast). The bus controller shall issue a receive

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

4.3.3.6.7.3 Mo mmand without data word (br ast). The bus controller shall issue a transmit command word with
11111 in the RT address field, and a mode code specified in table I. The RT(s) with the broadcast option shall, after
command word validation, set the broadcast received bit in the status word as specified in 4.3.3.5.3.7 and shall not
transmit the status word.

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

4.3.3.7 Intermessage gap. The bus controller shall provide a minimum gap time of 4.0 microseconds (ps) between
messages as shown on figure 6 and figure 7. This time period, shown as T on figure 8, is measured at point A of the bus
controller as shown on figure 9 or figure 10. The time is measured from the mid-bit zero crossing of the last bit of the
preceding message to mid-zero crossing of the next command word sync.

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

4.3.3.9 Mini no- nse time-out. The minimum time that a terminal shall wait before considering that a response
as specified in 4.3.3.8 has not occurred shall be 14.0 us. The time is measured from the mid-bit zero crossing of the last

bit of the last word to the mid-zero crossing of the expected status word sync at point A of the terminal as shown on
figure 9 or figure 10.

4.4 Terminal operation.
4.4.1 Common operation. Terminals shall have common operating capabilities as specified in the following paragraphs.
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Figure 9. Data bus interface using transformer coupling.
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Figure 10. Data bus interface using direct coupling.
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4.4.1.1 Word validation. The terminal shall insure that each word conforms to the following minimum criteria:

a. The word begins with a valid sync field.

b. The bits are in a valid Manchester II code.
c. The information field has 16 bits plus parity.
d. The word parity is odd.

When a word fails to conform to the preceding criteria, the word shall be considered invalid.

4.4.1.2 Transmission continuity. The terminal shall verify that the message is contiguous as defined in 4.3.3.6. Improperly
timed data syncs shall be considered a message error.

4.4.1.3 Terminal fail-safe. The terminal shall contain a hardware implemented time-out to preclude a signal transmission
of greater than 800.0 ps. This hardware shall not preclude a correct transmission in response to a command. Reset of
this time-out function shall be performed by the reception of a valid command on the bus on which the time-out has
occurred.

4.4.2 Bus controller operation. A terminal operating as a bus controller shall be responsible for sending data bus
commands, participating in data transfers, receiving status responses, and monitoring system status as defined in this
standard. The bus controller function may be embodied as either a stand-alone terminal, whose sole function is to
control the data bus(s), or contained within a subsystem. Only one terminal shall be in active control of a data bus at any
one time.

4.4.3. Remote terminal.

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

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

4.4.3.3 Invalid commands. A remote terminal shall not respond to a command word which fails to meet the criteria
specified in 4.4.3.1.

4.4.3.4 Tllegal command. An illegal command is a valid command as specified in 4.4.3.1 where the bits in the
subaddress/mode field, data word count/mode code field, and the T/R bit indicate a mode command, subaddress, or
word count that has not been implemented in the RT. It is the responsibility of the bus controller to assure that no
illegal commands are sent out. The RT designer has the option of monitoring for illegal commands. If an RT that is
designed with this option detects an illegal command and the proper number of contiguous valid data words as specified
by the illegal command word, it shall respond with a status word only, setting the message error bit, and not use the
information received.
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4.4.3.5 Valid data reception. The remote terminal shall respond with a status word when a valid command word and the
proper number of contiguous valid data words are received, or a single valid word associated with a mode code is
received. Each data word shall meet the criteria specified in 4.4.1.1.

4.4.3.6 Invalid data reception. Any data word(s) associated with a valid receive command that does not meet the criteria
specified in 4.4.1.1 and 4.4.1.2 or an error in the data word count shall cause the remote terminal to set the message
error bit in the status word to a logic one and suppress the transmission of the status word. If a message error has
occurred, then the entire message shall be considered invalid.

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

4.5 Hardware characteristics.
4.5.1 Data bus characteristics.

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

4.5.1.2 Characteristic impedance. The nominal characteristic impedance of the cable (Zo) shall be within the range of
70.0 ohms to 85.0 ohms at a sinusoidal frequency of 1.0 megahertz (MHz).

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

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

4.5.1.5 Cable stub requirements. The cable shall be coupled to the terminal as shown on figure 9 or figure 10. The use of
long stubs is discouraged, and the length of a stub should be minimized. However, if installation requirements dictate,
stub lengths exceeding those lengths specified in 4.5.1.5.1 and 4.5.1.5.2 are permissible.
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4.5.1.5.1 Transformer coupled stubs. The length of a transformer coupled stub should not exceed 20 feet. If a
transformer coupled stub is used, then the following shall apply.

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

4.5.1.5.1.1.1 Transformer input impedance. The open circuit impedance as seen at point B on figure 11 shall be greater
than 3000 ohms over the frequency range of 75.0 kilohertz (kHz) to 1.0 megahertz (MHz), when measured witha 1.0 V
root-mean-square (RMS) sine wave.

4.5.1.5.1.1.2 Transformer waveform integrity. The droop of the transformer using the test configuration shown on figure
11 at point B shall not exceed 20.0 percent. Overshoot and ringing as measured at point B shall be less than +/- 1.0 V
peak. For this test, R shall equal 360.0 ohms + /- 5.0 percent and the input A of figure 11 shall be a 250.0 kHz square
wave. 27.0 V peak-to-peak, with a rise and fall time no greater than 100 nanoseconds (ns).

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

4.5.1.5.1.2 Fault isolation. As isolation resistor shall be placed in series with each connection to the data bus cable. This
resistor shall have a value of 0.75 Zp ohms plus or minus 2.0 percent, where Zg is the selected cable nominal
characteristic impedance. The impedance placed across the data bus cable shall be no less than 1.5 Zg ohms for any
failure of the coupling transformer, cable stub, or terminal transmitter/receiver.

4.5.1.5.1.3 Cable coupling. All coupling transformers and isolation resistors, as specified in 4.5.1.5.1.1 and 4.5.1.5.1.2,
shall have continuous shielding which will provide a minimum of 75 percent coverage. The isolation resistors and
coupling transformers shall be placed at minimum possible distance from the junction of the stub to the main bus.

4.5.1.5.1.4 Stub voltage requirements. Every data bus shall be designed such that all stubs at point A of figure 9 shall
have a peak-to-peak amplitude, line-to-line within the range of 1.0 and 14.0 V for a transmission by any terminal on the
data bus. This shall include the maximum reduction of data bus signal amplitude in the event that one of the terminals
has a fault which causes it to reflect a fault impedance specified in 4.5.1.5.1.2 on the data bus. This shall also include the
worse case output voltage of the terminals as specified in 4.5.2.1.1.1 and 4.5.2.2.1.1.

4.5.1.5.2 Direct coupled stubs. The length of a direct coupled stub should not exceed 1 foot. Refer to 10.5 for comments
concerning direct coupled stubs. If a direct coupled stub is used, then the following shall apply.

4.5.1.5.2.1 Fault isolation. An isolation resistor shall be placed in series with each connection to the data bus cable. This
resistor shall have a value of 55.0 ohms plus or minus 2.0 percent. The isolation resistors shall be placed within the RT
as shown on figure 10.
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4.5.1.5.2.2 Cable coupling. All bus-stub junctions shall have continuous shielding which will provide a minimum of 75
percent coverage.

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

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

4.5.2 Terminal characteristics.

4.5.2.1 Terminals with transformer coupled stubs.

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

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

4.5.2.1.1.2 Qutput waveform. The waveform, when measured at point A on figure 12, shall have zero crossing deviations
which are equal to, or less than, 25.0 ns from the ideal crossing point, measured with respect to the previous zero
crossing (i.e., .5 +/- .025 us, 1.0 +/- .025 ps, 1.5 +/- .025 ps, and 2.0 + /- .025 us). The rise and fall time of this
waveform shall be from 100.0 to 300.0 ns when measured from levels of 10 to 90 percent of full waveform peak-to-peak,
line-to-line, voltage as shown on figure 13. Any distortion of the waveform including overshoot and ringing shall not
exceed + /- 900.0 millivolts (mV) peak, line-to-line, as measured at point A, figure 12.

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

4.5.2.1.1.4 Qutput symmetry. From the time beginning 2.5 ps after the mid-bit crossing of the parity bit of the last word
transmitted by a terminal, the maximum voltage at point A of figure 12 shall be no greater than + /- 250.0 mV peak,
line-to-line. This shall be tested with the terminal transmitting the maximum number of words it is designed to transmit,
up to 33. This test shall be run six times with each word in a contiguous block of words having the same bit pattern. The
six word contents that shall be used are 80001, 7FFF16, 000016, FFFF16, 555516, and AAAA;16. The output of the
terminal shall be as specified in 4.5.2.1.1.1 and 4.5.2.1.1.2.

4.5.2.1.2 Terminal input characteristics. The following characteristics shall be measured independently.

25

Appendix-33



MIL-STD-1553B

21 September 1978

‘uLIojaAEM JndinQ *g[ a3y

%01

< st |

%08

SLT0A -

S170A 0

SLT0A +

Appendix-34



MIL-STD-1553B
21 September 1978

4.5.2.1.2.1 Input waveform compatibility. The terminal shall be capable of receiving and operating with the incoming
signals specified herein, and shall accept waveform varying from a square wave to a sine wave with a maximum zero
crossing deviation from the ideal with respect to the previous zero crossing of +/- 150 ns, (i.e., 2.0 +/- .15 ps, 1.5

+/- .15 ps, 1.0 +/- .15 ps, .5 +/- .15 ps). The terminal shall respond to an input signal whose peak-to-peak amplitude,
line-to-line, is within the range of .86 to 14.0 V. The terminal shall not respond to an input signal whose peak-to-peak
amplitude, line-to-line, is within the range of 0.0 to .20 V. The voltages are measured at point A on figure 9.

4.5.2.1.2.2 Common mode rejections. Any signals from direct current (DC) to 2.0 MHz, with amplitudes equal to or less
than +/- 10.0 V peak, line-to-ground, measured at point A on figure 9, shall not degrade the performance of the
receiver.

4.5.2.1.2.3 Input impedance. The magnitude of the terminal input impedance, when the RT is not transmitting, or has
power removed, shall be a minimum of 1000.0 ohms within the frequency range of 75.0 kHz to 1.0 MHz. This impedance
is that measured line-to-line at point A figure 9.

4.5.2.1.2.4 Noise rejection. The terminal shall exhibit a maximum word error rate of one part in 107, on all words
received by the terminal, after validation checks as specified in 4.4, when operating in the presence of additive white
Gaussian noise distributed over a bandwidth of 1.0 kHz to 4.0 MHz at an RMS amplitude of 140 mV. A word error shall
include any fault which causes the message error bit to be set in the terminal’s status word, or one which causes a
terminal to not respond to a valid command. The word error rate shall be measured with a 2.1 V peak-to-peak,
line-to-line, input to the terminal as measured at point A on figure 9. The noise tests shall be run continuously until, for
a particular number of failures, the number of words received by the terminal, including both command and data words,
exceeds the required number for acceptance of the terminal, or is less than the required number for rejection of the
terminal, as specified in table II. All data words used in the tests shall contain random bit patterns. These bit patterns
shall be unique for each data word in a message, and shall change randomly from message to message.

4.5.2.2 Terminals with direct coupled stubs.

4.5.2.2.1 Terminal output characteristics. The following characteristics shall be measured with Ry, as shown on figure 12,
equal to 35.0 ohms +/- 2.0 percent.

4.5.2.2.1.1 Output levels. The terminal output voltage levels shall be measured using the test configuration shown on
figure 12. The terminal output voltage shall be within the range of 6.0 to 9.0 V, peak-to-peak, line-to-line, when
measured at point A on figure 12.
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Table II. Criteria for acceptance or rejection of a
terminal for the noise rejection test
TOTAL WORDS RECEIVED BY THE TERMINAL
(in multiples of 107)

No. of Reject Accept

Errors (Equal or Less) (Equal or more)
0 N/A 4.40
1 N/A 5.21
2 N/A 6.02
3 N/A 6.83
4 N/A 7.64
5 N/A 8.45
6 45 9.27
7 1.26 10.08
8 2.07 10.89
9 2.88 11.70
10 3.69 12.51
11 4.50 13.32
12 531 14.13
13 6.12 14.94
14 6.93 15.75
15 7.74 16.56
16 8.55 17.37
17 9.37 18.19
18 10.18 19.00
19 10.99 19.81
20 11.80 20.62
21 12.61 21.43
22 13.42 2224
23 14.23 23.05
24 15.04 23.86
25 15.85 24.67
26 16.66 25.48
27 17.47 26.29
28 18.29 27.11
29 19.10 21.92
30 19.90 28.73
31 20.72 29.54
32 21.53 30.35
33 22.34 31.16
34 23.15 31.97
35 23.96 32.78
36 24.77 33.00
37 25.58 33.00
38 26.39 33.00
39 27.21 33.00
40 28.02 33.00
41 33.00 N/A
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4.5.2.2.1.2 Qutput waveform. The waveform, when measured at point A on figure 12, shall have zero crossing deviations
which are equal to, or less than, 25.0 ns from the ideal crossing point, measured with respect to the previous zero
crossing (i.e., .5 +/- .025 ps, 1.0 +/- .025 ps, 1.5 +/- .025 ps and 2.0 + /- .025 ps). The rise and fall time of this
waveform shall be from 100.0 to 300.0 ns when measured from levels of 10 to 90 percent of full waveform peak-to-peak,
line-to-line, voltage as shown on figure 13. Any distortion of the waveform including overshoot and ringing shall not
exceed +/- 300.0 mV peak, line-to-line, as measured at point A on figure 12.

4.5.2.2.1.3 Qutput noise. Any noise transmitted when the terminal is receiving or has power removed, shall not exceed a
value of 5.0 mV, RMS, line-to-line, as measured at point A on figure 12.

4.5.2.2.1.4 Qutput symmetry. From the time beginning 2.5 us after the mid-bit crossing of the parity bit of the last word
transmitted by a terminal, the maximum voltage at point A on figure 12 shall be no greater than + 90.0 mV peak,
line-to-line. This shall be tested with the terminal transmitting the maximum number of words it is designed to transmit,
up to 33. This test shall be run six times with each word in a contiguous block of words having the same bit pattern. The
six word contents that shall be used are 800016, 7FFF1¢, 000016, FFFF16, 555516, and AAAA;¢. The output of the
terminal shall be as specified in 4.5.2.2.1.1 and 4.5.2.2.1.2.

4.5.2.2.2 Terminal input characteristics. The following characteristics shall be measured independently.

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

4.5.2.2.2.2 Common mode rejections. Any signals from DC to 2.0 MHz, with amplitudes equal to or less than +/- 10.0 V
peak, line-to-ground, measured at point A on figure 10, shall not degrade the performance of the receiver.

4.5.2.2.2.3 Input impedance. The magnitude of the terminal input impedance, when the RT is not transmitting, or has
power removed, shall be a minimum of 2000.0 ohms within the frequency range of 75.0 kHz to 1.0 MHz. This impedance
is that measured line-to-line at point A on figure 10.

4.5.2.2.2.4 Noise rejection. The terminal shall exhibit a maximum word error rate of one part in 107, on all words
received by the terminal, after validation checks as specified in 4.4, when operating in the presence of additive white
Gaussian noise distributed over a bandwidth of 1.0 kHz to 4.0 MHz at an RMS amplitude of 200 mV. A word error shall
include any fault which causes the message error bit to be set in the terminal’s status word, or one which causes a
terminal to not respond to a valid command. The word error rate shall be measured with a 3.0 V peak-to-peak,
line-to-line, input to the terminal as measured at point A on figure 10. The noise tests shall be run continuously until,
for a particular number of failures, the number of words received by the terminal, including both command and data
words, exceeds the required number for acceptance of the terminal, or is less than the required number for rejection of
the terminal, as specified in table II. All data words used in the tests shall contain random bit patterns. These bit
patterns shall be unique for each data word in a message, and shall change randomly from message to message.
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4.6 Redundant data bus requirements. If redundant data buses are used, the requirements as specified in the following

shall apply to those data buses.

4.6.1 Electrical isolation. All terminals shall have a minimum of 45 db isolation between data buses. Isolation here
means the ratio in db between the output voltage on the active data bus and the output voltage on the inactive data bus.
This shall be measured using the test configuration specified in 4.5.2.1.1 or 4.5.2.2.1 for each data bus. Each data bus
shall be alternately activated with all measurements being taken at point A on figure 12 for each data bus.

4.6.2 Single event fajlures. All data buses shall be routed to minimize the possibility that a single event failure to a data
bus shall cause the loss of more than that particular data bus.

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

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

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

S. DETAIL REQUIREMENTS (Not Applicable)

Custodian: Preparing Activity:

Army - EL Air Force - 11

Navy - AS

Air Force - 11 Project MISC-0D03
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APPENDIX

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

10.1 Redundancy. It is intended that this standard be used to support rather than to supplant the system design process.
However, it has been found, through application experience in various aircraft, that the use of a dual standby
redundancy technique is very desirable for use in integrating mission avionics. For this reason, this redundancy scheme is
defined in 4.6 of this standard. Nonetheless, the system designer should utilize this standard as the needs of a particular
application dictate. The use of redundancy, the degree to which it is implemented, and the form which it takes must be
determined on an individual application basis. Figures 10.1 and 10.2 illustrate some possible approaches to dual
redundancy. These illustrations are not intended to be inclusive, but rather representative. It should be noted that
analogous approaches exist for the triple and quad redundant cases.

10.2 Bus controller. The bus controller is a key part of the data bus system. The functions of the bus controller, in
addition to the issuance of command, must include the constant monitoring of the data bus and traffic on the bus. It is
envisioned that most of the routine minute details of bus monitoring (e.g., parity checking, terminal non-response
time-out, etc.) will be embodied in hardware, while the algorithms for bus control and decision making will reside in
software. It is also envisioned that, in general, the bus controller will be a general purpose airborne computer with a
special input/output (I/O) to interface with the data bus. It is of extreme importance in bus controller design that the
bus controller be readily able to accommodate terminals of differing protocols and status word bits used. Equipment
designed to MIL-STD-1553A will be in use for a considerable period of time; thus, bus controllers must be capable of
adjusting to their differing needs. It is also important to remember that the bus controller will be the focal point for
modification and growth within the multiplex system, and thus the software must be written in such a manner as to
permit modification with relative ease.
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BUS
CONTROLLER
BUS NO. 1
L 4 L 4 : 2
BUS_NO. 2 ®
REMOTE
TERMINAL RT RT
SUBSYSTEM SUBSYSTEM SUBSYSTEM
Figure 10.1. Illustration of possible redundancy.
BUS BUS
CONTROLLER ¢ CONTROLLER
BUS NO. 1
L L 4 ?
BUS NO. 2 :
® L 4
RT RT RT SUBSYSTEM
WITH
EMBEDDED RT
SUBSYSTEM SUBSYSTEM CAPABILITY

NOTE: RT - Remote Terminal

Figure 10.2. Illustration of possible redundancy.
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10.3 Multiplex selection criteria. The selection of candidate signals for multiplexing is a function of the particular
application involved, and criteria will in general vary from system to system. Obviously, those signals which have
bandwidths of 400 Hz or less are prime candidates for inclusion on the bus. It is also obvious that video, audio, and high
speed parallel digital signals should be excluded. The area of questionable application is usually between 400 Hz and

3 kHz bandwidth. The transfer of these signals on the data bus will depend heavily upon the loading of the bus in a
particular application. The decision must be based on projected future bus needs as well as the current loading. Another
class of signals which in general are not suitable for multiplexing are those which can be typified by a low rate (over a
mission) but possessing a high priority or urgency. Examples of such signals might be a nuclear event detector output or
a missile launch alarm from a warning receiver. Such signals are usually better left hardwired, but they may be
accommodated by the multiplex system if a direct connection to the bus controller’s interrupt hardware is used to trigger
a software action in response to the signal.

10.4 High reliability requirements. The use of simple parity for error detection within the multiplex bus system was
dictated by a compromise between the need for reliable data transmission, system overhead, and remote terminal
simplicity. Theoretical and empirical evidence indicates that an undetected bit error rate of 10-12 can be expected from a
practical multiplex system built to this standard. If a particular signal requires a bit error rate which is better than that
provided by the parity checking, then it is incumbent upon the system designer to provide the reliability within the
constraints of the standard or to not include this signal within the multiplex bus system. A possible approach in this case
would be to have the signal source and sink provide appropriate error detection and correction encoding/decoding and
employ extra data words to transfer the information. Another approach would be to partition the message, transmit a
portion at a time, and then verify (by interrogation) the proper transfer of each segment.

10.5 Stubbing. Stubbing is the method wherein a separate line is connected between the primary data bus line and a
terminal. The direct connection of a stub line causes a mismatch which appears on the waveforms. This mismatch can be
reduced by filtering at the receiver and by using bi-phase modulation. Stubs are often employed not only as a
convenience in bus layout but as a means of coupling a unit to the line in such a manner that a fault on the stub or
terminal will not greatly affect the transmission line operation. In this case, a network is employed in the stub line to
provide isolation from the fault. These networks are also used for stubs that are of such length that the mismatch and
reflection degrades bus operation. The preferred method of stubbing is to use transformer coupled stubs, as defined in
4.5.1.5.1. This method provides the benefits of DC isolation, increased common mode protection, a doubling of effective
stub impedance, and fault isolation for the entire stub and terminal. Direct coupled stubs, as defined in 4.5.1.5.2 of this
standard, should be avoided if at all possible. Direct coupled stubs provide no DC isolation or common mode rejection
for the terminal external to its subsystem. Further, any shorting fault between the subsystem’s internal isolation resistors
(usually on a circuit board) and the main bus junction will cause failure of that entire bus. It can be expected that when
the direct coupled stub length exceeds 1.6 feet, it will begin to distort the main bus waveforms. Note that this length
includes the cable runs internal to a given subsystem.
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10.6 Use of broadcast option. The use of a broadcast message as defined in 4.3.3.6.7 of this standard represents a
significant departure from the basic philosophy of this standard in that it is a message format which does not provide
positive closed-loop control of bus traffic. The system designer is strongly encouraged to solve any design problems
through the use of the three basic message formats without resorting to use of the broadcast. If system designers do
choose to use the broadcast command, they should carefully consider the potential effects of a missed broadcast
message, and the subsequent implications for fault or error recovery design in the remote terminals and bus controllers.
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FOREWARD

This standard contains requirements for aircraft internal time division command/response multiplex data bus techniques
which will be utilized in systems integration of aircraft subsystems. Even with the use of this standard, subtle differences
will exist between multiplex data buses used on different aircraft due to particular aircraft mission requirements and the
designer options allowed in this standard. The system designer must recognize this fact, and design the multiplex bus
controller hardware and software to accommodate such differences. These designer selected options must exist, so as to
allow the necessary flexibility in the design of specific multiplex systems in order to provide for the control mechanism,
architecture redundancy, degradation concept and traffic patterns peculiar to the specific aircraft mission requirements.
* Appendix Section 20 selects those options which shall be required and further restricts certain portions of the standard
for use in Air Force aircraft internal avionics applications.

Supersedes page iii of 21 September 1978
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10.6 Use of broadcast option. The use of a broadcast message as defined in 4.3.3.6.7 of this standard represents a
significant departure from the basic philosophy of this standard in that it is a message format which does not provide
positive closed-loop control of bus traffic. The system designer is strongly encouraged to solve any design problems
through the use of the three basic message formats without resorting to use of the broadcast. If system designers do
choose to use the broadcast command, they should carefully consider the potential effects of a missed broadcast
message, and the subsequent implications for fault or error recovery design in the remote terminals and bus controllers.

*20. General. This appendix is applicable to all U.S. Air Force aircraft internal avionics activities. The intent of the
appendix is to select those options which shall be required and to further restrict certain portions of the standard for use
in Air Force avionics. References in parenthesis are to the paragraphs in the standard that are affected.

*20.1 Mode codes. (4.3.3.5.1.7) The mode codes for dynamic bus control, inhibit terminal flag bit, override inhibit
terminal flag bit, selected transmitter shutdown and override selected transmitter shutdown shall not be transmitted on
the data bus by bus controllers in Air Force avionics applications. However, these mode codes may be implemented in a
remote terminal for Air Force avionics applications.

*20.2 Broadcast command. (4.3.3.6.7) The broadcast command shall not be transmitted on the data bus by bus controllers
in Air Force avionics applications. However, this message format may be implemented in remote terminals. If the
broadcast message format is implemented in a remote terminal, then that terminal shall also implement the transmit
status word mode code as specified in 4.3.3.5.1.7.3. Note that the remote terminal address of 11111 is still reserved for
broadcast, and shall not be used for any other purpose in Air Force Avionics applications.

*20.3 Mode code indicators.

*20.3.1 Bus controller. (4.4.2) In Air Force avionics applications, the bus controller shall be able to utilize both 00000 and
11111 in the subaddress/mode field as defined in 4.3.3.5.1.7. In addition, if a bus controller is required to utilize any
mode code in its operation, then it shall be required to implement the capacity to utilize all mode codes.

*20.3.2 Remote terminals. (4.4.3.1) All RT’s which are designed for Air Force avionics applications, and which
implement mode codes, shall respond properly to a mode code command, as defined in 4.3.3.5.1.7, with 00000 in the
subaddress/mode field. In addition, such RT’s may also respond to 11111 in the subaddress/mode field as a designer
option. See section 20.8.1 for design consideration relating to the 11111 mode code indicator.

Supersedes page 34 of 21 September 1978
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*20.4 Data bus cable.
*20.4.1 Shielding. (4.5.1.1) The cable shield shall provide a minimum of 90.0 percent coverage.

*20.4.2 Characteristic impedance. (4.5.1.2) The actual (not nominal) characteristic impedance shall be within the range
of 70.0 ohms to 85.0 ohms at a sinusoidal frequency of 1.0 megahertz (MHz).

*20.5 Cable coupling. (4.5.1.5.1.3) For Air Force avionics applications, the continuous shielding shall provide a minimum
of 90.0 percent coverage.

*20.6 Direct coupled stubs. (4.5.1.5.2) Direct coupled studs shall not be utilized in Air Force avionics applications.

*20.7 Redundant data bus requirements. (4.6) Dual standby redundant data buses as defined in 4.6.3 shall be utilized.
There may be more than two data buses utilized but the buses must operate in dual redundant data bus pairs. 4.6.1 add
4.6.2 shall also apply.

*20.8 Design considerations. Avionics designed for Air Forces applications may be required to interface to existing
avionics systems which were designed to preceding versions of the standard (e.g., the F-16 avionics suite). In this case,
downward compatibility problems between the new avionics and the existing system can be minimized through the
consideration of three key items:

*20.8.1. Mode code indicator. In some existing systems, such as the F-16, the bus controller uses 11111 to indicate a
mode code command. The designer may wish to implement the capability in the new avionics to respond to 11111 mode
code commands, in addition to the required capability for 00000 mode code commands.

*20.8.2 Clock stability. Since this version of the standard relaxed the transmission bit rate stability requirements (4.3.3.3),
the avionics designer may wish to return to the stability requirements of the preceding version of the standard. The
previous requirements were +/-0.01 percent long term and +/-0.001 percent short term stability.

*20.8.3 Response time. This version of the standard also expanded the maximum response time to 12.0 microseconds

(4.3.3.8). The designer may also wish to return to the previous maximum response time of 7.0 microseconds as defined in
4.3.3.8 of this version of the standard.
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FOREWORD

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

Supersedes page iii dated 12 February 1980.
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10.3 Multiplex selection criteria. The selection of candidate signals for multiplexing is a function of the particular
application involved, and criteria will in general vary from system to system. Obviously, those signals which have
bandwidths of 400 Hz or less are prime candidates for inclusion on the bus. It is also obvious that video, audio, and high
speed parallel digital signals should be excluded. The area of questionable application is usually between 400 Hz and

3 kHz bandwidth. The transfer of these signals on the data bus will depend heavily upon the loading of the bus in a
particular application. The decision must be based on projected future bus needs as well as the current loading. Another
class of signals which in general are not suitable for multiplexing are those which can be typified by a low rate (over a
mission) but possessing a high priority or urgency. Examples of such signal might be a nuclear event detector output or a
missile launch alarm from a warning receiver. Such signals are usually better left hardwired, but they may be
accommodated by the multiplex system if a direct connection to the bus controller’s interrupt hardware is used to trigger
a software action in response to the signal.

10.4 High reliability requirements. The use of simple parity for error detection within the multiplex bus system was
dictated by a compromise between the need for reliable data transmission, system overhead, and remote terminal
simplicity. Theoretical and empirical evidence indicates that an undetected bit error rate of 1012 can be expected from a
practical multiplex system built to this standard. If a particular signal requires a bit error rate which is better than that
provided by the parity checking, then it is incumbent upon the system designer to provide the reliability within the
constraints of the standard or to not include this signal within the multiplex bus system. A possible approach in this case
would be to have the signal source and sink provide appropriate error detection and correction encoding/decoding and
employ extra data words to transfer the information. Another approach would be to partition the message, transmit a
portion at a time, and then verify (by interrogation) the proper transfer of each segment.

10.5 Stubbing. Stubbing is the method wherein a separate line is connected between the primary data bus line and a
terminal. The direct connection of a stub line causes a mismatch which appears on the waveforms. This mismatch can be
reduced by filtering at the receiver and by using bi-phase modulation. Stubs are often employed not only as a
convenience in bus layout but as a means of coupling a unit to the line in such a manner that a fault on the stub or
terminal will not greatly affect the transmission line operation. In this case, a network is employed in the stub line to
provide isolation from the fault. These networks are also used for stubs that are of such length that the mismatch and
reflection degrades bus operation. The preferred method of stubbing is to use transformer coupled stubs, as defined in
4.5.1.5.1. This method provides the benefits of DC isolation, increased common mode protection, a doubling of effective
stub impedance, and fault isolation for the entire stub and terminal. Direct coupled stubs, as defined in 4.5.1.5.2 of this
standard, should be avoided if at all possible. Direct coupled stubs provide no DC isolation or common mode rejection
for the terminal external to its subsystem. Further, any shorting fault between the subsystem’s internal isolation resistors
(usually on a circuit board) and the main bus junction will cause failure of that entire bus. It can be expected that when
the direct coupled stub length exceeds 1.6 feet, that it will begin to distort the main bus waveforms. Note that this length
includes the cable runs internal to a given subsystem.
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*10.6 Use of broadcast option. The use of a broadcast message as defined in 4.3.3.6.7 of this standard represents a
significant departure from the basic philosophy of this standard in that it is a message format which does not provide
positive closed-loop control of bus traffic. The system designer is strongly encouraged to solve any design problems
through the use of the three basic message formats without resorting to use of the broadcast option. If system designers
do choose to use the broadcast command, they should carefully consider the potential effects of a missed broadcast
message, and the subsequent implications for fault or error recovery design in the remote terminals and bus controllers.

*10.7 Other related documents. Several documents exist which are related to this standard. MIL-HDBK-1553 describes
implementation practices for this standard and other related data. This standard is embodied in or referenced by the
following international documents: NATO STANAG 3838, ASCC Air Standard 50/2, and UK DEF STAN (0-18 (Part
2)/Issue 1.

* 20. REFERENCED DOCUMENTS
Not applicable.
* 30. GENERAL REQUIREMENTS

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

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

* 30.3 Unique address (4.3.3.5.1.2). All remote terminals shall be capable of being assigned any unique address from
decimal address 0 (00000) through decimal address 30 (11110). The address shall be established through an external
connector, which is part of the system wiring and connects to the remote terminal. Changing the unique address of a
remote terminal shall not require the physical modification or manipulation of any part of the remote terminal. The
remote terminal shall, as a minimum, determine and validate its address during power-up conditions. No single point
failure shall cause a terminal to validate a false address. The remote terminal shall not respond to any messages if it has
determined its unique address is not valid.

Supersedes page 34 dated 12 February 1980.
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* 30.4 M 4.3.3.5.1.

*30.4.1 ress/m 4.3.3.5.1.4). An RT shall have the capability to respond to mode codes with both

subaddress/mode of 00000 and 11111. Bus controllers shall have the capability to issue mode commands with both
subaddress/mode of 00000 and 11111. The subaddress/mode of 00000 and 11111 shall not convey different information.

* 30.4.2 Required mode codes (4.3.3.5.1.7)

* 30.4.2.1 Remote terminal required mode codes. An RT shall implement the following mode codes as a minimum:
Mode Code Function_
00010 Transmit status word
00100 Transmitter shutdown
00101 Override transmitter shutdown
01000 Reset remote terminal

* 30.4.2.2 Bus controller required mode . The bus controller shall have the capability to implement all of the mode

codes as defined in 4.3.3.5.1.7. For Air Force applications, the dynamic bus control mode command shall never be issued
by the bus controller.

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

* 30.4.4 Initiate RT self 4.3.3.5.1.7.4). If the initiate self test mode command is implemented in the RT, then the RT
receiving the initiate self test mode code shall respond with a status word as specified in 4.3.3.5.1.7.4 and then initiate
the RT self test function. Subsequent valid commands may terminate the self test function. While the RT self test is in
progress, the RT shall respond to a valid command with any of the following: no response on either data bus, status word
transmitted with the busy bit set, or normal response. If any data is transmitted from the RT while it is in self test, the
information content of the data shall be valid. An RT receiving this mode code shall complete the self test function and
have the results of the self test available within 100.0 milliseconds following transmission of the status word specified in
4.3.3.5.1.7.4. The time shall be measured from the mid-bit zero crossing of the parity bit of the status word to the
mid-sync zero crossing of the command word at point A on figures 9 and 10.

Supersedes page 35 dated 12 February 1980
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* 30.5 Status word bits (4.3.3.5.3)

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

*30.5.2 Status bit requirements (4.3.3.5.3). An RT shall implement the status bits as follows:
Message error bit (4.3.3.5.3.3) - Required

Instrumentation bit (4.3.3.5.3.4) - Always logic zero
Service request bit (4.3.3.5.3.5) - Optional
Reserved status bits (4.3.3.5.3.6) - Always logic zero

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

Busy bit (4.3.3.5.3.8) - As required by 30.5.3

Subsystem flag bit (4.3.3.5.3.9) - If an associated subsystem has the capability for self test, then this bit shall be
required.

Dynamic bus control acceptance bit (4.3.3.5.3.10) - If the RT implements the dynamic bus control function, then this
bit shall be required.

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

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

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

36

Appendix-65



MIL-STD-1553B

APPENDIX
8 September 1986
* 30.7 Data wrap-around (4.3.3.5.1.4). Remote terminals shall provide a receive subaddress to which one to N data words

of any bit pattern can be received. Remote terminals shall provide a transmit subaddress from which a minimum of N
data words can be transmitted. N is equal to the maximum word count from the set of all messages defined for the RT.
A valid receive message to the data wrap-around receive subaddress followed by a valid transmit command to the data
wrap-around transmit subaddress, with the same word count and without any intervening valid commands to that RT,
shall cause the RT to respond with each data word having the same bit pattern as the corresponding received data word.
A data wrap-around receive and transmit subaddress of 30 (11110) is desired.

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

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

* 30.10 Electrical characteristics (4.5)
* 30.10.1 Cable shielding (4.5.1.1). The cable shield shall provide a minimum of 90.0 percent coverage.

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

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

* 30.10.4 Characteristic impedance (4.5.1.2). The actual (not nominal) characteristic impedance of the data bus cable
shall be within the range of 70.0 ohms to 85.0 ohms at a sinusoidal frequency of 1.0 megahertz.
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* 30.10.5 Stub coupling (4.5.1.5). For Navy applications, each terminal shall have both transformer and direct coupled

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

* 30.10.6 Power on/off noise. A terminal shall limit any spurious output during a power-up or power-down sequence.
The maximum allowable output noise amplitude shall be +/- 250 mV peak, line-to-line for transformer coupled stubs
and +/- 90 mV peak, line-to-line for direct coupled stubs, measured at point A of figure 12.
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