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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of

Standardization Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should: Standards Should Not:
» Show relationship to Design for Manufacturability * Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* Minimize time to market » Keep people out
* Contain simple (simplified) language * Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance * Contain anything that cannot
* Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
Statement on implementation of IPC publications is voluntary and is part of a relationship entered into by
Specification customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
Revision Change lished, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision. Adopted October 6. 1998
Why is there Your purchase of this document contributes to the ongoing development of new and updated
a charge for industry standards. Standards allow manufacturers, customers, and suppliers to understand one
this standard? another better. Standards allow manufacturers greater efficiencies when they can set up their

processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low in order to allow as many companies as possible
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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Introduction

This general design guide for Printed Board Backplanes is
based upon the primary understanding that the individual
using this IPC document as a reference and guide has the
basic mechanical knowledge of the various types of inter-
connection systems. Also, that the electrical and mechani-
cal properties of the interconnection materials have already
been evaluated and selected by the individual companies’
components specification organizations and are approved.

The purpose of this document is to enlarge upon the user’s
analysis and approach the design from the fabricators and
assemblers with respect to design optimization. This design
optimization can have a dramatic impact on the life cycle
cost of the equipment.

The following documents are applicable to these guide-
lines:

IPC?

IPC-D-300 Printed Wiring Board Dimensions and Toler-
ances

IPC-D-330 Printed Wiring Design Guide

IPC-D-390 Guidelines for Design Layout and Artwork
Generation on Computer Automated Equipment for Printed
Wiring

IPC-C-405 General Specification for Connectors, Electri-
cal Printed Wiring Board Type

IPC-BP-421 General Specification for Rigid Printed Board
Backplanes with Press-Fit Contacts

IPC-TR-474 An Overview of Discrete Wiring Techniques

IPC-ML-910 Design and End Product Specification for
Rigid Multilayer Boards

Military?

MIL-STD-1130 Connection, Electrical, Solderless,
Wrapped

MIL-P-13949 Plastic Sheet, Laminated, Metal Clad (for
Printed Wiring Boards), General Specification for

Underwriters Laboratories3

UL 94 Tests for Flammability of Plastic Materials

Backplane Design Flow

A normal design flow of a printed circuit backplane may
take 2 or 3 cycles depending on the design complexity and
the production release of the user’s equipment.

e The initial cycle might be a fast prototype or preproduc-
tion design where basic plug in electronic module inter-
connections have been initially defined but final equip-
ment system checkout has yet to be performed.

* The second cycle could be a phase in design incorporat-
ing, as etched conductors, the various wires attached dur-
ing the systems checkout.

* The third cycle may not be required but could be another
incorporation of attached wires to reduce the amount of
production labor.

IMPACT STATEMENT: WHEN A PRODUCTION
MODE OCCURS WITH A DESIGN THAT
BECOMES MORE OR LESS FROZEN, RECY-
CLING OF ARTWORK DESIGN OR SIGNALS
SHOULD BE INITIATED TO “PHASE IN” THE
OPTIMIZATION OF THE DESIGN AT THE EAR-
LIEST DATE POSSIBLE.

The effort required for internal documentation changes, as
well as the fabricators new artwork generation cost when

1. Copies are available from IPC.

2. Copies are available from Naval Publications and Forms Center, 5801 Tabor Road, Philadelphia, PA 19120.

compared to the wiring material and labor required may
justify this optimizing of the various design aspects.

Each designer must consider that no additional cost to fab-
ricate the backplane be introduced during these “‘phase in”
cycles. This would include impact redesign areas of the
addition of new hole patterns, dimensional changes, etc. (A
“phase in” is just that. For example: a backplane can be
changed with artwork revisions to the new configuration
and phased into those assemblies that are following
through the vendor’s production line.)

A backplane design normally begins after the logic parti-
tioning has progressed into the proposed electronic module
configurations. An electronic module can be a printed wir-
ing assembly, dual-in-line package, chip carrier, cordwood
module, etc. From this either by computer or manual elec-
tronic module layout, the interconnecting input/output
points are defined for the backplane. This completes the
basic electrical interconnection phase.

The mechanical constraints are assumed to have been
clearly defined by the parameters dictated for the type of
equipment being designed. It is also assumed that the inter-
connection system has been defined as “edgecard,” post

Documents
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Figdre 1 Backplane Design Flow

and box, blade and fork, etc. This would then complete the
basic mechanical phase.

The flow chart shown in Figure 1 shows the initial path of
backplane design.

An attempt will be made, within this document, to take
various steps within the basic flow of design, and point out
the areas most likely to require additional review, in order
to determine if those areas have reached their optimum
design state.

Design

The following factors, not necessarily in order, should be
considered in the design of a backplane system.

Cost » Reliability ¢ Produceability * Maintainability ¢ Tool-
ing requirements * Lead time ¢ Interconnection functions
with other equipment « Multiple sourcing

When defining reliability, establishing realistic values on
environmental parameters for the end usage must be con-
sidered as their impact can be significant. These values
include ambient temperatures, relative humidity, altitude,

vibration and shock. Many of these parameters are derived
from previous connector specifications for other applica-
tions.

IMPACT STATEMENT: OVERDESIGN CAN SIG-
NIFICANTLY INCREASE THE COST OF A
BACKPLANE.

Total system design parameters should also be considered
as a factor in cost. This includes the most obvious of com-
ponents, the various electronic modules that plug into the
backplane.

Dimensioning and tolerancing criteria must be reviewed
carefully as they pertain to the alignment of the electronic
module into the connector on the backplane.

IMPACT STATEMENT: A DESIGNER HAVING A
KNOWLEDGE OF PLUG IN ELECTRONIC MOD-
ULES, BACKPLANES AND CONNECTOR SYS-
TEMS FABRICATION PROCESSES CAN OPTI-
MIZE HIS DESIGN AND PROVIDE AN
ACCEPTABLE END PRODUCT WITH NONRE-
STRICTIVE SOURCING.
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Section |

1.0 DESIGN AND DOCUMENTATION

1.1 Interconnection Systems The interconnection sys-
tem is made up of the female/male insulators and their
respective contacts.

1.2 Insulators The interconnection insulator must have
the following material requirements to satisfy its functional
usage. These are: good insulation resistance, heat resis-
tance, moisture resistance and good mechanical properties.

IMPACT STATEMENT: THE OPTIMUM DESIGN
CALLS FOR THE USE OF INSULATORS IN
THEIR SPECIFIC APPLICATIONS.

1.2.1 Insulator materials are a first consideration in the
design of the interconnection system. Most common mate-
rials used for press-fit applications are of the thermoplastic
classification such as polyamide (nylon), polycarbonate and
polyester, all of which are generally 10 to 30% fiber rein-
forced for improved performance over the nonreinforced
grades. The chart in Figure 2 lists various data on the three
materials mentioned above. This information may be help-
ful in assisting the designer in selecting the proper material
for his application. More detailed performance data is
readily available from all plastic suppliers.

IMPACT STATEMENT: AN INJECTION MOLDED
PLASTIC IS GENERALLY LOWER IN COST
THAN A COMPRESSION OR TRANSFER
MOLDED PART.

Coloring of insulator plastic should also be considered.
Since most vendors normally run a common color such as
black, blue, green or gray, special colors may increase cost
depending upon the problems involved. These include:

1) Lighter colors may have various degrees of shading or
inconsistencies in true color, causing lot rejection.

2) Special molding runs.

3) Stocking inventory.

A decision is therefore required as to whether the special
color is a design necessity or merely a cosmetic feature.

IMPACT STATEMENT: NONSTANDARD COLORS
INCREASE COST.

1.2.2 Dimensioning of the insulator body is important
since many dimensions affect the interchangeability or
availability of the designed component. Contact grid spac-
ing within the insulator body is usually standardized on
0.100” x 0.100”, 0.100” x 0.2007, 0.125” x 0.125”, 0.125”
x 0.250”, and 0.156” x 0.200”.

IMPACT STATEMENT: MANUFACTURING
YIELDS TEND TO DECREASE ON CONTACT
SPACING LOWER THAN 0.100” x 0.100”.

Insulator body width could be a design necessity due to the
center to center positioning of the electronic modules
within the assembly. The thinner the body width the closer
the center spacing. This of course is a mechanical consid-
eration only, since heat and component height are also fac-
tors in the overall design. The electrical design consider-
ation is signal loss as determined by the distance of the
card spacing.

IMPACT STATEMENT: INSULATOR BODY
WIDTH IS A FACTOR THAT IMPACTS CENTER
TO CENTER SPACING. THINNER BODY
WIDTHS CAN ALLOW ADDITIONAL ELEC-
TRONIC MODULES TO BE POSITIONED IN THE
SAME AREA, BUT ABILITY TO REMOVE THE
INSULATOR MUST BE CONSIDERED.

Other insulator dimensional differences can occur in the
depth of the electronic module insertion within the insula-
tor body or the mating of the two piece interconnection
system within the assembly. The normal edge card inser-
tion depths of printed wiring assemblies range from 0.300”
to 0.415” except for special customer connector designs. In
a two piece connector system this dimension is a factor for
the positioning of the connector housing attached to or a
part of the electronic module and must be reviewed for
various sources of vendor products.

IMPACT STATEMENT: CUSTOM INSULATOR
INSERTION DEPTHS ARE IN MANY CASES
HIGHER IN COST.

Insulator body length and printed wiring assembly slot
width can affect cost by the restriction of the molded insu-
lator component. An exception is the case of a two piece
interconnection system where the female and male bodies
usually incorporate an indexing or keying method to insure
mating. Polarizing of edge card connectors can be done
using either between pocket or in-the-pocket polarizing
keys. With the edgecard system, the critical dimensions are
shown in Figure 3. This is the dimension from the center
of the first printed wiring assembly tab to the edge of the
routed area or tang. This X dimension usually runs between
0.100” to 0.156”. Refer to IPC-D-300.

IMPACT STATEMENT: NONSTANDARD
PRINTED WIRING ASSEMBLY TANG DIMEN-
SIONS CAN RESULT IN NONSTANDARD INSU-
LATOR BODY MOLD CONFIGURATIONS AND
INCREASE COST. Documents
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