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The Principles of
Standardization

Notice

IPC Position
Statement on
Specification
Revision Change

Why is there
a charge for
this standard?

In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
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 Engineering (DFE) * Increase time-to-market
e 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

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.

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
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

Your purchase of this document contributes to the ongoing development of new and updated
industry standards. Standards allow manufacturers, customers, and suppliers to understand one
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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HIERARCHY OF IPC DESIGN SPECIFICATIONS
(2220 SERIES)

IPC-2221
GENERIC DESIGN

IPC-2222 IPC-2223 IPC-2224 IPC-2225 IPC-2226 IPC-2227
RIGID FLEX PCMCIA MCM-L HDIS DISCRETE WIRE
FOREWORD these technologies (i.e., MCM-C, MCM-D), and the design

This standard is intended to provide information on the principles contained herein.

fﬂec;[gﬂ?ed (Ir\/Tgll\J/llri;n 32: ;Or Aclnlrgznlc Lamlcr;aéed ':\/Iultflc:m Differences between semiconductors, modules and boards
. . an. pects and detalls of the relate to their application and are defined as:

design requirements are addressed to the extent that they

can be applied to the unique requirements of those designsASIC Application Specific Integrated Circuit represents a

that use organic rigid (reinforced), organic flexible (unrein- semiconductor device intended to satisfy a unique complete

forced) materials or organic materials in combination with circuit function.

inorganic materials (metal, glass, ceramic, etc.) to provide oggpa Application Specific Electronic Assembly repre-
the structure for mounting and interconnecting unpackageédgsents printed board assemblies consisting of electronic
die. components attached to an interconnecting substrate,
The information contained herein is intended to supple- intended to perform a complete circuit or electronic func-
ment generic design requirements identified in IPC-2221. tion.

When coupled with the generic design input, it should Agep application Specific Electronic Module represents

Lacm_tlat: the ;electlon pr?css_,s qf the rr]natlerlals and thea grouping of components intended as a subassembly or
etaile orgamc.struc.ture at ncatpn tgc hology n(':‘Cess""rysuper—part that will be interconnected on an ASEA.

to meet the engineering design objectives.

Because of the similarity between various techniques, an

attempt to describe the variation between Chip-on-Board
(COB) and Multichip Modules (MCM) is described to
reflect that:

The selected component mounting and interconnecting
technology for the physical Mounting and Interconnection
Structure (MIS) should be commensurate with the require-
ments provided and the specific focus of this sectional
document. COB products are ASEAs intended as a complete elec-
: tronic assembly, using unpackaged chips in whole or in
part, which will perform a total electronic function. COB
assemblies usually plug into a mother board. For example
a PC card can be a COB assembly.

A description of what is an MCM-L and what permutations
can be accomplished by mixing other MCM technologies is
important to understand to ensure proper design. A detailed
description is also provided on the identification of the
product in terms of the materials and processes used toMCM products are ASEMs intended as a super-part or
manufacture the MCM-L. Other forms of multichip mod- subassembly that will be mounted_on an interconnecting
ules are identified in order to establish the relationship with structure or substrate. Documents
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The processes and technologies used to fabricate multichipSurface Finish

modules fall into three categories. These are described inFinishes may be applied to the surfaces of the conductive
many industry documents and are identified as MCM-L, pattern for protection of the surface or for bonding of the
MCM-C, and MCM-D. As the industry matures the need unpackaged chips. Potential finishes include: gold, nickel,
for mixing and matching of the processes have resulted in copper,tin-lead, solderability protective coating (OSPs),
products being manufactured as interconnecting substratesalladium or palladium alloy.

for MCMs that combines the capabilities of each MCM

type Additives

Special heat sinks or solid structures are added to the inter-

It is importan nderstand the similariti nd differen . . .
tis important to understand the similarities and differences connecting structure to improve the Coefficient of Thermal

of the three module types. These characteristics relate toExpansion (CTE) characteristics. The finished MCM-L

he physical ies of th I ial . )
the physical properties of the module (materials, conductor, may be conformal coated or otherwise encapsulated in

vias, etc.) The processes used to manufacture the various .
i ) o order to protect the unpackaged chips.
modules are defined in the following:

MCM-L Multichip modules primarily using standard mcM-C PROCESSES

printed board manufacturing processes and materials, spe-

cifically dielectrics that are purchased from a supplier Material

(laminator). Materials are ceramic or glass-filled ceramic. Usually
started in a green condition, the substrate and conductive
paste are fired together. There are instances in which these
materials are sequentially fired over fired ceramics.

MCM-C Multichip modules primarily using ceramic base
materials onto which the dielectric and conductor layers are
applied either sequentially or co-fired.

MCM-D Multichip modules in which the materials, both ~Conductive Pattern

dielectric and conductive, are added sequentially by the Conductors and vias are formed using conductive polymers
supplier to a mounting structure or substrate. Dielectric (thick film) and fired.

materials may be deposited in sheet or liquid form. )
Hole Formation

MCM-L PROCESSES Holes are formed in the green condition by punching or

using laser technology.
Material

Materials, specifically dielectrics, are purchased from a Layering
supplier (laminator). They may be clad or unclad, they may Layering is accomplished through co-firing or sequential
be unreinforced, reinforced with a separate material coatedfiring of the original dielectric and conductive materials.

with resin, or reinforced through molecular cure.
Surface Finish

Conductive Pattern The conductive surfaces are printed and then fired. Some
Both conductors and metallization in the vias may be potential metals are copper, gold, silver, palladium, tung-
formed by the following means: sten, molybdenum.

. C;hemlcfal technlgues (plating alnd etching) Additives

: S;creenl.ng tec-hnllques (conductlv.el polymers) Passivation is applied to the conductive surfaces opening
* Sputtering (thin film metal deposition) the bonding sites for chip attachment. Chip protection is

accomplished through hermetic case seals or a combination

Hole Formation .
- of gels and coatings.

Hole formation for through holes may use:

« Drilling MCM-D PROCESSES
* Punching Material
e Lasers

Materials, both dielectric and conductive, are added
sequentially by the supplier to a mounting structure or sub-
Depending on the method of layering, some of the tech- strate. Dielectric materials are deposited in sheet or liquid

« Etching (both ion and chemical)

niques may be used for blind or buried vias. form.

Layering Conductive Pattern

Layering is accomplished through lamination, either in a The conductive pattern may be created through sputtering,

single operation or sequentially. evaporation or electroless depesition. DOCUMENts
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Hole Formation of the process. In order to relate the manufacturing
Holes are created using the following techniques: sequence, a technique for identification has been defined
« lon etching (reactive) that builds on the industry concepts used to descr.|be chip

. on board (COB) methodology. Just as COB defines an
* Laser piercing assembly technique, using MCM-L processes on which
« Photochemical etching MCM-D processes are added can be defined as MCM-D on
MCM-L. A simplification of this principle is to replace the
e ) _ _ words “on” with a “/” and identify such a product as
Layering is accomplished in a sequential manner, alternat- \ycm-D/L. Other examples are MCM-L/C where a lami-
ing the layers of dielectric with layers of conductive pat- |46 is used on an MCM-C ceramic structure or MCM-D/C
terns interconnected with interstitial vias. which uses deposited dielectric processes on ceramic mate-
rials and processes. See Figure A-1.

Layering

Surface Finish
Surface finishes contain the characteristics of the conduc-Future identification may include the structure of the MCM
tive pattern method of application. by providing an indication of the techniques involved in a

fabrication sequence. An example could be an MCM-D/

Additives C/D, or DCD which would imply using the processes of
Coatings may or may not be applied to protect the unpack- deposited dielectric and conductive materials to both sides
aged chips. of a co-fired ceramic interconnection substrate. In this
example the processes of MCM-C were completed. It is not
MIXING TECHNOLOGIES a case of using MCM-D processes on a ceramic base. Stan-

Mixing and matching of the three technologies and pro- dardization of these principles will be addressed in the
cesses embodies the use of the letters that define the detailfuture.

MCM-D
(Deposited)’

MCM D/L
MCM D/C
MCM L/C

MCM-L MCM-C
(Laminated) (Ceramic)’
IPC-2225-02

IMCM-L (laminated) 2MCM-D (deposited) 3MCM-C (co-fired)

large substrate format high resolution lithography hermetic packaging option
low substrate cost fine density capability area array /O compatibility
parallel processing high performance materials parallel processing

area I/0O array compatibility

Figure A-1 Evolution of MCM Technologies
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Sectional Design Standard for Organic Multichip
Modules (MCM-L) and MCM-L Assemblies
1.0 SCOPE 1.5.2 Packaging Density The assembly of uncased or

This standard establishes requirements and other consider
ations (thermal, electrical, electromechanical and mechani-
cal) for the design of organic mounting structure used to
interconnect chip components, which in combination form
the completed functional Single Chip Module (SCM-L),
MCM, or MCM-L assemblies.

1.1 Purpose The purpose of this standard is to establish
design principles and recommendations thladll be used

to produce the appropriate class of multichip module or
assembly. Unique design requirements for multichip mod-
ules and multichip module assemblies intended for military
electronic equipment applications will be noted as such,
andshall be fabricated by a supplier that has been qualified

by the appropriate agency unless otherwise agreed to con-

tractually.

1.2 Documentation Hierarchy Document hierarchy shall
be in accordance with generic standard IPC-2221.

1.3 Presentation Presentation shall be in accordance
with the generic standard IPC-2221.

1.4 Interpretation Interpretation shall be in accordance
with the generic standard IPC-2221.

1.5 Classification of Products Classification of products
shall be in accordance with the generic standard IPC-2221
and as follows:

1.5.1 Assembly Types Assembly types are defined as:

Single-sided/Double-sided -Multiple bare and/or chip

scale packaged die assemblies analogous to single and-5-3 Producibility Level

double sided printed board assemblies.

Cavity Structures —Multiple bare and/or chip scale pack-

bare chips on substrates has become popular mostly due to
the ability of such assembilies to reduce the area needed for
interconnecting substrates. The ideal limit for such assem-
bly would be to place all the chips tightly together, without
any space in between. This would result in 100% of Pack-
aging Efficiency, a ratio of silicon area to the substrate area.
Naturally, 100% efficiency is not achievable, but this ratio
is still useful in ranking various substrate construction of
bare chip attachment methods.

Table 1-1 shows the different feature resolution capabili-
ties, i.e., line widths and spacings, for the MCM-L mount-
ing structure construction and their respective wiring den-
sity capability.

Table 1-1 MCM-L Wiring Capability

Typical wiring
capability Typical Total wiring
cm/cm 2 layer signal plane capability cm/cm 2
Standard 15 4S 8S 60 30
Extended 25 4S 8S 100 200
Sequential 30-50 2S 4S 60/100 120/200

Table 1-2 tabulates the total substrate area needed to place
16 chips (10 mm x 10 mm) on a MCM-L mounting struc-
ture using four typical chip wiring methods.

Table 1-2 MCM-L Area (mm 2) for 16 Chips
(20 mm x 10 mm)

Flip Wire Flip Reg
Chip Bond TAB TAB
MCM-L S/S 2500 6200 7000 8400
MCM-L D/S 1800 4300 4900 5900

Although multichip modules

are usually high density interconnecting structures of bare
chips, there are times when only a few bare chips are nec-
essary to accomplish the goal of the multichip module

aged die assemblies in which the components are placedjesigner. In these instances interconnection area relates to

into cavities fabricated in the interconnecting structure.

Stacked Structure (includes 3-D memory packages) —
Multiple bare and/or chip scale packaged die assemblies in
which components are placed one on top of another.

Embedded Structures -Multiple bare and/or chip scale
packaged die assemblies in which components are embed
ded within the interconnecting structure requiring lamina-
tion over bare die and subsequently interconnected.

Multi-Mounting Structure —Combination of any above
assembly types.

the amount of area of silicon die occupied on the module.
Thus a general approximation has been made in the three
levels as to the percentage of silicon area occupied on the
interconnecting substrate.

The three MCM levels and their associated silicon area
densities are:

Level A General Design Complexity—Preferred
(<40% area density)

Level B Moderate Design Complexity—Standard

(40 - 70% area density) Documents
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