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Generic Requirements for Surface
Mount Design and Land Pattern Standard

1 SCOPE The whole of design elements is commonly defined as
This document provides information on land pattern geom- “mounting conditions.” This standard defines land patterns
etries used for the surface attachment of electronic compo-and includes recommendations for clearances between
nents. The intent of the information presented herein is to adjacent components and for other design elements.
provide the appropriate size, shape and tolerance of surface
mount land patterns to insure sufficient area for the appro- Note 3: Elements of the mounting conditions, particularly
priate solder fillet to meet the requirements of IPC/EIA the courtyard, given in this standard are related to the
J-STD-001, and also to allow for inspection, testing, and reflow soldering process. Adjustments for wave or other
rework of those solder joints. soldering processes, if applicable, have to be carried out by
the user. This may also be relevant when solder alloys
1.1 Purpose Although, in many instances, the land pat- other than eutectic tin lead solders are used.
tern geometries can be different based on the type of sol-

dering used to attach the electronic part, wherever possible,note 4: This standard assumes that the land pattern fol-
land patterns are defined with consideration to the attach-|ows the principle that, even under worst case conditions,

ment process being used. Designers can use the informathe overlap of the component termination and the corre-
tion contained herein to establish standard configurations sponding soldering land will be complete.
not only for manual designs but also for computer-aided

design systems. Whether parts are mounted on one or bOﬂNOte 5: Heat dissipation aspects have not been taken into

s:cdeslé)f t.he b(;ardl, SngeCtEd to vgave, r((ajflow, or otherhtyplg account in this standard. Greater mass may require slower
of soldering, the land pattern and part dimensions shou process speed to allow heat transfer.

be optimized to insure proper solder joint and inspection

criteria. . .
Note 6: Heavier components (greater weight per land)

Land patterns are dimensionally defined and are a part ofrequire larger lands; thus, adding additional land pattern
the printed board circuitry geometry, as they are subject to surface will increase surface area of molten solder to
the producibility levels and tolerances associated with plat- enhance capabilities of extra weight. In some cases the
ing, etching, assembly or other conditions. The producibil- lands shown in the standard may not be large enough; in
ity aspects also pertain to the use of solder mask and thethese cases, considering additional measures may be neces-
registration required between the solder mask and the con-sary.

ductor patterns.

) ) o Note 7: The land form may be rectangular with straight or
Note 1: The dimensions used for component descriptions o nded corners. In the latter case the area of the smallest

have been extracted from standards developed by industrialyj cumscribed rectangle shall be equal to that of one with
and/or standards bodies. Designers should refer to thesestraight corners.

standards for additional or specific component package

dimensions. 1.2 Documentation Hierarchy This standard identifies

the generic physical design principles involved in the

creation of land patterns for surface mount components,
L . .__and is supplemented by a shareware IPC-7351 Land Pat-
joints to t_he devices a_ssembled, the whole s_et_ _Of qu'gntern viewer that provides, through the use of a graphical
elements includes, beside the land pattern definition: user interface, the individual component dimensions and

Note 2: For a comprehensive description of the given
printed board and for achieving the best possible solder

* Soldermask. corresponding land pattern recommendations based upon
« Solder paste stencil. families of components. The IPC-7351 Land Pattern
« Clearance between adjacent components. Viewer is provided on CD-ROM as part of the IPC-7351.

Updates to land pattern dimensions, including patterns for
new component families, can be found on the IPC website
(www.ipc.org) under “PCB Tools and Calculators.” See
* Keepout areas, if relevant. Appendix C for more information on the IPC-7351 Land
« Suitable rules for adhesive applications. Pattern Viewer.

« Clearance between bottom of component and PCB sur-
face, if relevant.
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1.2.1 Component and Land Pattern Family Structure Level A General Design Producibility — Preferred
The IPC-7351 provides the following number designation Level B Moderate Design Producibility — Standard
within the IPC-7350 series for each major family of surface Level C High Design Producibility — Reduced
mount components to indicate similarities in solder joint

engineering goals: The producibility levels are not to be interpreted as a

design requirement, but a method of communicating the

IPC-7352 — Discrete Components degree of difficulty of a feature between design and
IPC-7353 — Gullwing Leaded Components, Two Sides fabrication/assembly facilities. The use of one level for a
IPC-7354 — J-Leaded Components, Two Sides specific feature does not mean that other features must be
IPC-7355 — Gullwing Leaded Components, Four Sides of the same level. Selection should always be based on the
IPC-7356 — J-Leaded Components, Four Sides minimum need, while recognizing that the precision, per-
IPC-7357 — Post (DIP) Leads, Two Sides formance, conductive pattern density, equipment, assembly
IPC-7358 — Area Array Components (BGA, FBGA, CGA) and testing requirements determine the design producibility
IPC-7359 — No Lead Components (QFN, SON, LCC) level. The numbers listed within the tables of IPC-7351 are

to be used as a guide in determining what the level of pro-

. . ducibility will be for any feature. The specific requirement
product classes have been established to reflect progressive any feature that must be controlled on the end item

increases in sophistication, functional performance require- ¢ il pe specified on the master drawing of the printed

ments and testing/inspection frequency. It should be reCog-1,0ard or the printed board assembly drawing
nized that there may be an overlap of equipment between '

classes. Classification of producibility levels should not be con-
fused with density levels of land pattern geometries
described in 1.4.

1.3 Performance Classification Three general end-

The end product user has the responsibility for determining
the “Use Category” or “Class” to which the product
belongs. The contract between user and supplier shall
specify the “Class” required and indicate any exceptions or
additional requirements to the parameters, where appropri-
ate.

1.4 Land Pattern Determination This standard discusses
two methods of providing information on land patterns.

1. Exact details based on industry component specifica-
_ tions, board manufacturing and component placement
Class 1 General Electronic Products Includes consumer accuracy capabilities. These land patterns are restricted

products, some computer and computer peripherals, and tg a specific component, and have an identifying IPC-
hardware suitable for applications where the major require- 7351 |and pattern name.

ment is function of the completed assembly. 2. Equations can be used to alter the given information to

Class 2 Dedicated Service ElectronicProducts Includes achieve a more robust solder connection, when used in
communications equipment, sophisticated business particular situations where the equipment for placement

machines, and instruments where high performance and or attachment are more or less precise than the assump-
extended life is required, and for which uninterrupted ser-  tions made when determining the land pattern details

vice is desired but not mandatory. Typically the end-use  (see 3.1.2).

environment would not cause failures. L .
Three land pattern geometry variations are supplied for

Class 3 High Reliability Electronic Products- Includes each of the device families; maximum land protrusion

all equipment where continued performance or (Density Level A), median land protrusion (Density Level

performance-on-demand is mandatory. Equipment down-B) and minimum land protrusion (Density Level C). Before

time cannot be tolerated, end-use environment may beadapting the minimum land pattern variations the user
uncommonly harsh, and the equipment must function when should consider product qualification testing based on the
required, such as life support systems and other critical conditions shown in Table 3-15.

systems. . . .
y Density Level A: Maximum (Most) Land Protrusion —

The IPC-7351 land patterns have the capability of accom- For low-density product applications, the ‘maximum’ land
modating all three performance classifications. pattern condition has been developed to accommodate
wave or flow solder of leadless chip devices and leaded
gull-wing devices. The geometry furnished for these
‘devices, as well as inward and “J"-formed lead contact
device families, may provide a wider process window for
reflow solder processes as well.

1.3.1 Producibility Levels When appropriate this stan-
dard will provide three design producibility levels of fea-
tures, tolerances, measurements, assembly, testing o
completion or verification of the manufacturing process
that reflect progressive increases in sophistication of tool-
ing, materials or processing and, therefore progressiveDensity Level B: Median (Nominal) Land Protrusion —
increases in fabrication cost. These levels are: Products with a moderate level of component density may

2
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consider adapting the ‘median’ land pattern geometry. The Assembly, Printed Circuit (wiring) -A printed circuit or
median land patterns furnished for all device families will printed wiring board on which separately manufactured
provide a robust solder attachment condition for reflow components and parts have been added.

solder processes and should provide a condition suitable
for wave or reflow soldering of leadless chip and leaded
gull-wing type devices.

Assembly, Single-Sided Packaging and interconnecting
structure with components mounted only on the primary
side.

Density Level C: Minimum (Least) Land Protrusion —  *Base Material — The insulating material upon which a
High component density typical of portable and hand-held conductive pattern may be formed. (The base material may
product applications may consider the ‘minimum’ land pat- pe rigid or flexible, or both. It may be a dielectric or insu-
tern geometry variation. Selection of the minimum land |ated metal sheet.)

pattern geometry may not be suitable for all product use *Basic Dimension —A numerical value used to describe
categories. The use of classes of performance (1, 2, and 3) . . .
is combined with that of component density levels (A, B, the .theoretlcall exact Iopat!on of a_fe_ature or hole. (.It 'S the
and C) in explaining the condition of an electronic assem- basis from which per.m|SS|t.)Ie vgrlatlons are established by
bly. As an example, combining the description as Levels tolerance on other dimensions in notes or by feature con-
1A or 3B or 2C, would indicate the different combinations trol symbols.)

of performance and component density to aid in under- *Blind Via — A via extending only to one surface of a
standing the environment and the manufacturing require- printed board.

ments of a particular assembly. *Buried Via — A via that does not extend to the surface of

Note: It is the responsibility of the user to verify the SMT @ Printed board.

land patterns used for achieving an undisturbed mounting *Castellation —A recessed metalized feature on the edge of
process, including testing and an ensured reliability for the a |eadless chip carrier that is used to interconnect conduct-
product stress conditions in use. In addition the size and ing surface or planes within or on the chip carrier.

h f th d land patt ding t . . ,
Shape of e proposec 'ana patiern may vary according 0*Ch|p Carrier — A low-profile, usually square, surface-

the solder resist aperture, the size of the land pattern exten- ; ‘ iconduct K h di it
sion (dog bone), the via within the extension, or if the via mount component semiconductor package whose die cavity

is in the land pattern itself or die mounting area is a large fraction of the package size
' and whose external connections are usually on all four
sides of the package. (It may be leaded or leadless.)

*Chip-On-Board (COB) —A printed board assembly tech-
Terms and definitions used herein are in accordance withnology that places unpackaged semiconductor dice and

1.5 Terms and Definitions

IPC-T-50 except as otherwise specifidébte: Any defini- interconnects them by wire bonding or similar attachment
tion denoted with an asterisk (*) is a reprint of the term techniques. Silicon area density is usually less than that of
defined in IPC-T-50. the printed board.

*Assembly —A number of parts, subassemblies or combi- *Coefficient of Thermal Expansion (CTE) —The linear
nations thereof joined togetheidte: This term can be  dimensional change of a material per unit change in tem-
used in conjunction with other terms listed herein, e.g., perature. (See also “Thermal Expansion Mismatch.”)

“Printed Board Assembly.”) *Component —An individual part or combination of parts

Assembly, Double-Sided Packaging and interconnecting tha}t, when together, perform a design function(s). (See also
structure with components mounted on both the primary Discrete Component.”)

and secondary sides. *Component Mounting Site —The location on a Package
Interconnect (P&I) structure that consists of a land pattern

Assembly, Multilayer Print ircuit (wiring) —Multi- - . .
Ss€ by, uttiayer =T ed C cuit ( 9) Vi and conductor fan-out to additional lands for testing or vias
layer printed circuit or printed wiring board on which sepa- . . . .
that are associated with the mounting of a single compo-

rately manufactured components and parts have been
nent.
added.
) . *Conductive Pattern —The configuration or design of the
Assembly, Packaging and Interconnecting (P&A) —  conductive material on a base material. (This includes con-
Generic term for an assembly that has electronic CoOMpo- quctors, lands, vias, heatsinks and passive components

nents mounted on either one or both sides of a packagingyhen these are an integral part of the printed board manu-
and interconnecting structure. facturing process.)

Assembly, Printed Board An assembly of several printed *Conductor — A single conductive path in a conductive
circuit assemblies or printed wiring assemblies, or both.  pattern.
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*Constraining Core —A supporting plane that is internal to
a packaging and interconnecting structure.

Courtyard —The smallest rectangular area that provides a
minimum electrical and mechanical clearance (courtyard

Leaded Chip Carrier -A chip carrier whose external con-
nections consist of leads that are around and down the side
of the package. (See also “Leadless Chip Carrier.”)

*Master Drawing — A control document that shows the

excess) around the combined component body and landdimensional limits or grid locations that are applicable to

pattern boundaries.

Courtyard Excess -The area between the rectangle cir-

cumscribing the land pattern and the component, and the
outer boundary of the courtyard. The courtyard excess may

be different in the x- and y-direction.

Courtyard Manufacturing Zone —The area that provides

any and all parts of a product to be fabricated, including
the arrangement of conductors and nonconductive patterns
or elements; the size, type, and location of holes; and all
other necessary information.

Mixed Component-Mounting Technology A component
mounting technology that uses both through-hole and

a minimum electrical and mechanical clearance (courtyard Surface-mounting technologies on the same packaging and

excess) around the combined component body and lan
pattern boundries.

*Dual-Inline Package (DIP) — A basically-rectangular

component package that has a row of leads extending from
each of the longer sides of its body that are formed at right

angles to a plane that is parallel to the base of its body.

*Fine-Pitch Technology (FPT) —A surface-mount assem-
bly technology with component terminations on less than
0.625 mm [0.025 in] centers.

*Fiducial (Mark) — A printed board artwork feature(s) that

ginterconnecting structure.

*Module — A separable unit in a packaging scheme.

Nominal Dimension —A dimension that is between the
maximum and minimum size of a feature. (The tolerance
on a nominal dimension gives the limits of variation of a
feature size.)

*Packaging and Interconnecting Structure (P&IS) The
general term for a completely processed combination of
base materials, supporting planes or constraining cores, and
interconnection wiring that are used for the purpose of

is created in the same process as the conductive pattern anthounting and interconnecting components.

that provides a common measurable point for component

mounting with respect to a land pattern or land patterns.

*Flat Pack — A rectangular component package that has a
row of leads extending from each of the longer sides of its
body that are parallel to the base of its body.

*Footprint — See “Land Pattern.”

*Grid — An orthogonal network of two sets of parallel
equidistant lines that is used for locating points on a
printed board.

*Integrated Circuit (IC) — A combination of inseparable

*Plated-Through Hole (PTH) —A hole with plating on its
walls that makes an electrical connection between conduc-
tive patterns on internal layers, external layer, or both, of a
printed board.

*Primary Side —The side of a packaging and interconnect-
ing structure that is so defined on the master drawing. (It is
usually the side that contains the most complex or the most
number of components.)

*Printed Board (PB) —The general term for completely
processed printed circuit and printed wiring configurations.

associated circuit elements that are formed in place and(This includes single-sided, double-sided and multilayer

interconnected on or within a single base material to per-
form a particular electrical function.

*Jumper wire —A discrete electrical connection that is part
of the original design and is used to bridge portions of the
basic conductive pattern formed on a printed board.

*Land — A portion of a conductive pattern usually used for
the connection and/or attachment of components.

*Land Pattern — A combination of lands that is used for
the mounting, interconnection and testing of a particular
component.

*Leadless Chip Carrier —A chip carrier whose external

connections consist of metallized terminations that are an

integral part of the component body. (See also “Leaded
Chip Carrier.”)

boards with rigid, flexible, and rigid-flex base materials.)

*Printed Wiring — A conductive pattern that provides
point-to-point connections but not printed components in a
predetermined arrangement on a common base. (See also
“Printed Circuit.”)

*Registration —The degree of conformity of the position
of a pattern (or portion thereof), a hole, or other feature to
its intended position on a product.

*Secondary Side That side of a packaging and intercon-
necting structure that is opposite the primary side. (It is the
same as the “solder side” on through-hole mounting tech-

nology.)

*Single-Inline Package (SIP) —A component package
with one straight row of pins or wire leads.

4
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Static Charge -An electrical charge that has accumulated I1PC-A-49 Surface Mount Land Pattern Artwork (IPC-SM-
or built up on the surface of a material 782)

Static Electricity Control —A technique where materials |pc-1.50 Terms and Definitions for Interconnecting and
and systems are employed to eliminate/discharge staticpackaging Electronic Circuits

electricity build-up by providing continuous discharge
paths IPC-A-610 Acceptability of Printed Board Assemblies

*Supported Hole —A hole in a printed board that has its |pc-sm-785 Guidelines for Accelerated Reliability Testing
inside surfaces plated or otherwise reinforced. of Surface Mount Solder Attachments

*Supporting Plane —A planar structure that is a part of a
packaging and interconnecting structure in order to provide
mechanical support, thermo-mechanical constraint, thermalipc-1902  Grid System for Printed Circuits
conduction and/or electrical characteristics. (It may be

either internal or external to the packaging and intercon- IPC-2221 Generic Standard on Printed Board Design
necting structure.) (See also “Constraining Core.”)

IPC-S-816 SMT Process Guideline and Checklist

IPC-2226 Sectional Design Standard for High Density

*Surface Mount Technology (SMT) —The electrical con-  |nterconnect (HDI) Printed Boards

nection of components to the surface of a conductive pat-

tern that does not utilize component holes. IPC-2581 Generic Requirements for Printed Board Assem-
bly Products Manufacturing Description Data and Transfer

*Tented Via (Type | Via) —A via with a mask material
(typically dry film) applied bridging over the via wherein
no additional materials are in the hole. It may be applied to \pc-g012 Qualification and Performance Standard for
one side or both. Rigid Printed Boards

*Thermal Mismatch —The absolute difference between the
thermal expansion of two components or materials. (See
also “Coefficient of Thermal Expansion (CTE).”)

Methodology

IPC-7095 Design and Assembly Process Implementation
for BGAs

*Through Connection —The electrical connection to con- 'PC-7525 Stencil Design Guidelines
nect conductor patterns on the front side through to the
back side of a printed board. (See also “Interfacial Connec-
tion.”)

*Through-Hole Technology (THT) —The electrical con-  'PC-7711/21 Rework and Repair Guide
nection of components to a conductive pattern by the use
of component holes.

IPC-7530 Guidelines for Temperature Profiling for Mass
Soldering Processes

IPC-9701 Performance Test Methods and Qualification
Requirements for Surface Mount Solder Attachments
*Tooling Feature — A physical feature that is used exclu-

sively to position a printed board or panel during a fabrica- 2.2 Electronic Industries Association?

tion, assembly or testing process. (See also “Locating
Edge,” “Locating Edge Marker,” “Locating Notch,”
“Locating Slot,” and “Tooling Hole.”)

EIA-481 Tape and Reel Specification

2.3 Joint Industry Standards (IPC)3
*Via — A plated-through hole that is used as an interlayer
connection, but in which there is no intention to insert a J-STD-001 Requirements for Soldered Electrical and Elec-
component lead or other reinforcing material. (See also tronic Assemblies

“Blind Via” and “Buried Via.” -
ind Via-an uried Via.") J-STD-002 Solderability Tests for Component Leads, Ter-

minations, Lugs, Terminals and Wires
2 APPLICABLE DOCUMENTS

J-STD-003 Solderability Tests for Printed Boards
2.1 IpCt

J-STD-033 Handling, Packing, Shipping and Use of
IPC-A-48 Surface Mount Land Pattern Artwork (Mantech) Moisture/Reflow Sensitive Surface Mount Devices

1. www.ipc.org
2. www.eia.org
3. www.ipc.org
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2.4 International Electrotechnical Commission* e. Position dimensions originate from maximum dimen-

sions.
IEC-61188 Printed Boards and Printed Board Assemblies -

Design and Use f. Tolerances and their datum references other than size

and position apply regardless of feature size (RFS).

2.5 Joint Electron Device Engineering Council (JEDEC)S The dimensioning concepts used for this system of analy-
sis consider the assembly/attachment requirements as their
: major goal. Specification (data) sheets for components or
for Solid State Products dimensions for land patterns on boards may use different
dimensioning concepts, however, the goal is to combine all
concepts into a single system. Users are encouraged to
establish the appropriate relationship between their dimen-
sioning system(s) and the profile dimensioning system and
analysis concepts described herein to allow for ease of tai-
loring these concepts for robust process performance. As
an example, if the tolerance used for positioning is larger
than the machine tolerance used in production, a single
Profile tolerances are used in the dimensioning system todimensional change could modify the land pattern.

define the size range between maximum and minimum

component/lead dimensions without ambiguity. The profile 3.1.1 Component Tolerancing The component manu-
tolerance is intended to control both size and position of facturers and industry standards organizations are respon-
the land. Figure 3-1 shows the profile tolerancing method. sible for the dimensioning and tolerancing of electronic

) . . . components (see 3.1.5.2). The basic dimensions and toler-
The use of the profile dimensioning system requires an

. . ance limits published in the specifications have been con-
understanding of the concepts. The use of a set of require- . . . .
. . verted to a functional equivalent using the profile toleranc-
ments are adopted and invoke the following rules, unless. . . . .
. " ing method with all components shown with their basic
otherwise modified.

dimensions as limit dimensions (maximum or minimum

Publication 95 JEDEC Registered and Standard Outlines

3 DESIGN REQUIREMENTS

3.1 Dimensioning Systems This section describes a set

of dimensional criteria for components, land patterns, posi-
tional accuracy of the component placement capability and
the opportunity to create a certain size solder joint com-
mensurate with reliability or product performance analysis.

a. All dimensions are basic (nominal). size). Profile tolerances are unilateral, and are described to
b. Limits of size control form as well as size. reflect the best condition for solder joint formation.
c. Perfect form is required at maximum dimensions. The concept for component dimension evaluations is based

d. Datum references and position tolerances apply at maxi-on evaluating the surfaces of the component termination
mum dimensions, and are dependent on feature size. and component lead or contact that are involved in the

00000000000
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Figure 3-1 Profile Tolerancing Method

4. www.iec.ch
5. www.jedec.org

6



February 2005 IPC-7351

formation of the acceptable solder joint. Component manu- Similar concepts are applied to leaded surface mount parts.
facturers usually provide dimensions for their parts with a The critical dimensional characteristics identified are those
nominal size and then put a tolerance on that nominal that relate to the formation of the toe and heel solder fillet.
dimension. In order to facilitate the dimensioning system, For components with gull-wing leads, the basic dimensions
these dimensions and their associated tolerances are conapply across the outer extremities of the part for toe land
verted to minimum and maximum size. projection; and within the inside of the formed radius of

As an example, capacitor C3216 has a manufactured nomi-°PPOsINg leads for heel solder fillet formation.

nal dimension for its length of 3.2 mm. The tolerance The outer dimensions of leaded or even leadless chip car-
described by the manufacturer is + 0.2 mm. Thus, the mini- riers are usually easy to determine since these are readily
mum dimension of “L" is 3.0 mm with a unilateral toler-  available from the component manufacturer or standards
ance of 0.4 mm, resulting in its maximum dimension being organization. The inner (heel-to-heel) dimensions are not
3.4 mm. provided in industry standards or manufacturers’ specifica-
Figure 3-2 shows the characteristics for the 3216 capacitor.tlons and are more dificult t.o dgtermme, not OT"V because

of the form of the lead, termination, or castellation but also

Item A in Figure 3-2 shows the component manufacturer’s . . . .
dimensions for the length of the capacitor. Item B in Fig- because the inner dimensions must be derived by subtract-
’ ing the sum of the dimensions of the leads (with all their

ure 3-2 shows the component length at its minimum size in . . :
: : . . _inherent tolerances) from the overall dimensions of the

the converted dimensions of the new system using profile art

tolerancing. Item C in Figure 3-2 shows the land pattern at part.

its maximum size. These conditions provide for an opti- Item A in Figure 3-3 shows the concept for the manufac-

mum toe fillet. For optimum heel fillet, the component turer’s dimensions and tolerances for a gull-wing SOIC.

basic dimensions are at the maximum and the land patternitem B in Figure 3-3 shows the converted dimensions to be

is at its minimum. considered in the overall mounting system requirements.

le—— 3.2+ 0.2 mm —

@ Manufacturers dimensions
and tolerances (maximum

length of part is 3.4 mm).

} Part shown with length at
! 3 "least material condition,”
@ 3 3 and profile tolerance to
i 3 indicate maximum range of
. ) component length at 3.4 mm.

Fi Maximum 4>‘

Component Size

o E Land pattern with dimension[Z]

. at "maximum material condition."
i ‘ Profile tolerance of part (0.2 X 2),
Lo plus profile tolerance of land pattern
\ (0.05 X 2) plus placement accuracy
- (0.1 diameter of true position) are
considered in determining the

proper dimension for [Z], plus

the desired toe fillet.

IPC-7351-3-02

Figure 3-2 Example of 3216 (1206) Capacitor Dimensioning for Optimum Solder Fillet Condition
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| Manufacturers dimensions and tolerances
converted to profile dimensions, with S []
at "maximum material condition."”

Note: If Blis not provided by the component

‘I manufacturer it may be determined by subtracting
MMC terminal dimensions from the length.
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"N" Places

Fabrication
tolerance
equals 0.1 mm.
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Figure 3-3 Profile Dimensioning of Gull-Wing Leaded SOIC

Item C in Figure 3-3 shows the land pattern dimensions.
The basic dimensions define the minimum length as mea-
sured across the two outer extremities. As component tol-
erances for “L” increase the maximum length, the oppor-

tunity for the toe fillet is subsequently reduced.

The inner dimensions between heel fillets on opposing d.

sides are the most important. Inner dimensions are derived

by:

a. Establishing the maximum outline of the component as
measured from lead termination end to lead termination
end. (This dimension is shown as “L,” and is provided
by the manufacturer).

b. Establishing the minimum amount of the lead length as
measured across the “footprint” (from heel to toe for

of the component (the inner dimension between oppos-
ing heel fillets). Including the tolerances on dimensions
(L) and subtracting the maximum dimension of T x 2
will yield the minimum dimension between opposing
heels. This signifies worst- case tolerance analysis.

Three sets of tolerances are involved in the analysis
described within three tolerances on the overall compo-
nent, plus the tolerances for the lead on each end. Since
not all three tolerances are considered at their worst
case, a recommended method for determining the statis-
tical impact is to summarize the squares of the toler-
ances and take the square root of their sum as the RMS
(root-mean-square) tolerance difference.

For example,

gull-wing leads). (This dimension is “T,” and is pro- RMS tolerance accumulation ¥(Ly)? + 2(To)?

vided by the manufacturer).

Where:

c. Subtracting twice the minimum lead length of (T) from

the maximum overall component length of (L) to arrive L.y = Lmax - Lmin
at the maximum length inside the leads across the length Ty, = Trhax - Trmin
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tol = tolerance
max = maximum
min = minimum

As an example, the SOIC with 16 leads has the following

limits for the “L” (component length) and “T” (terminal
length) dimensions:

Limin = 5.8 mm, L= 6.2 mm

Liol = Limax - Lmin = 6.2 mm - 5.8 mm = 0.4 mm
Trmin = 0.4 mm, T, = 1.27 mm

Tiol = Trmax = Trmin = 1.27 mm - 0.4 mm = 0.87 mm

Therefore, the calculations for “S” minimum and maxi-
mum dimensions are as follows:

Smin = Lmin - 2Tmax = 5.8 mm - 2 (1.27 mm) = 3.26 mm
Smax = Lmax - 2Tmin = 6.2 mm - 2 (0.4 mm) = 5.40 mm
Sl = Shax - Smin = 54 mm - 3.26 mm = 2.14 mm

The difference between,g, and S, is 2.14 mm, which

In the above example, the two joints should be rounded to
a realistic number. Normally a total Z dimension of 7.0 mm

would be acceptable for a density level B land pattern pro-
viding a 0.4 mm land protrusion at either end of the SO16

component.

3.1.2 Land Tolerancing Profile tolerancing is used for
lands in a manner similar to that of the components. All

tolerances for lands are intended to provide a projected

land pattern with individual lands at maximum size. Uni-
lateral tolerances are intended to reduce the land size and

thus result in a lesser area for solder joint formation. In

order to facilitate companion dimension systems, the land
pattern is dimensioned across outer and inner extremities.

The dimensioning concept in this standard uses limiting
dimensions and geometric tolerancing to describe the
allowable maximum and minimum dimensions of the land
pattern. When lands are at their maximum size, the result

is probably a larger tolerance range than the actual rangeMay be a minimum acceptable space between lands; con-
within which these components are manufactured. This versely when lands are at their minimum size, the result
worst-case scenario for the tolerance range for “S” can May be a minimum acceptable land pattern necessary to

also be calculated by adding the tolerances for the compo-achieve the minimum required land protrusion. These
nent length and the two terminals: thresholds allow for gauging of the land pattern for

go/no-go conditions. The whole concept of the dimension-

ing system described in this document is based on these
principles and extends to component mounting dimensions,
land pattern dimensions, positioning dimensions, etc., so
that the requirements may be examined using optical

gauges at any time in the process in order to insure com-
pliance with the tolerance analysis (see Table 3-16).

Sl = Lot + 2Ty = 0.4 mm + 2 (0.87 mm) = 2.14 mm

In order to arrive at a more realistic tolerance range, the
RMS value is calculated using the tolerances on the dimen-
sions involved (“L" and “T"):

Stol (RMS) = /(L) + 2(Tye)? = V0.42 + 2(0.87)? = 1.29 mm _
3.1.3 Fabrication Allowances Figure 3-3 shows the land

S (RMS) is added to §;, to arrive at a maximum “S” pattern for an SOIC with gull-wing leads intended to be a
dimension. This technique is used so that a more realistic companion to the chip component dimensioning concepts
Shax dimension is used in the land pattern equations for shown previously in Figure 3-2. The basic “L” dimension
calculating G,;,, (minimum land pattern gap between heel is across the outer extremities of the component lead or
fillets). In this example, the following calculation is used terminal.

for Spax

For the land pattern, dimension “Z” is at maximum size,
while the inner extremities (dimension “G”) are dimen-
sioned at minimum size. Unilateral tolerances decreased
=4.55 mm the basic dimension for “Z” while increasing the basic
3.1.1.1 Solving for Dimension “Z” It should be noted “G” dimension. This action results in a reduced land pat-
that there are various options to determine the tolerancesten at Least Material Condition (LMC). Thus, processing
for the component (C), the fabrication allowance (F), and target values should be as close as possible to the basic
the placement tolerance (P). In determining the calculations 2" @nd “G” dimensions at Maximum Material Condition
for the example in Figure 3-3 for the dimension “Z,” one (MMC). This concept also holds true for the width (X) of
would note that the component “SO16” has ap,J, equal the land dimension which is specified at maximum size.
to 6.20 mm, and an J;, equal to 5.80 mm. With the
assumption that “F” is equal to 0.1 mm and “P” is equal
to 0.2 mm, the following conditions would be used for
determining the “Z” dimension:

Sma>< (RMS) = Smin + StoI (RMS)
=3.26 mm + 1.29 mm

The variation between the dimensions Z, G, and X are
indicated as a fabrication allowance (F). This fabrication

allowance represents the maximum variation between the
largest land pattern size (MMC) and the least land pattern
size (LMC). This does not include material movement as

described in Table 3-16, which is included in the assembly
tolerancing since machine vision capability revaluates the
true position of the land pattern.

Zmax = Lanin + 237 +V/C 2 + F2 + P2

Zunax = 6.20 mm + 2J; + V0.42 + 0.12 + 0.22
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3.1.4 Assembly Tolerancing Another part of the equa- the worst-case criteria for determining a dimension. This
tion is the assembly variation defined by the letter “P.” would require that “C,” “F,” and “P” be added to the
This variation represents the location of the component in minimum dimension of the component length plus the sol-
relation to its true position as defined by the design. The der joint requirements, in order to determine the maximum
term diameter of true position (DTP) is used to describe dimension of the outer land pattern.

this variation and is a single number that can be used in the

. . . Experience shows that the worst-case analysis is not
dimensional tolerance analysis.

always necessary; therefore statistical methods are used by
As an example, for establishing the target heel protrusion taking the square root of the sum of the squares of the tol-
dimensions of the example shown in Figure 3-3, the fol- erances. This method assumes that all features will not
lowing conditions would be true: reach their worst case. The equations for determining com-
Where: ponent land pattern requirements are as follows:

J is 0.5 mm (target heel fillet).

Cis S, (RMS) = 1.29 mm (see previous calculations
from component dimensions).

F is 0.1 mm (assumed fabrication tolerance).

P is 0.05 mm (assumed assembly equipment placement

Zmax = Liin + 237 + /.2 + F2 + P
Grin = Smax = 23 = VC&* + F2 + P

Xmax = Whin + 2Js + \/m

tolerance).
Therefore: Where:
Z is the overall length of land pattern.
Gin = 4.55 mm - 2(0.5 mm) - V(1.29)2 + (0.1)? + (0.05)? G is the distance between lands of the pattern.
=2.25mm X is the width of land pattern.

L is the overall length of component.
S is the distance between component terminations.
W s the width of the lead or termination.
J is the desired dimension of solder fillet or land
protrusion.
J; is the solder fillet or land protrusion at toe.
Jy is the solder fillet or land protrusion at heel.
Js is the solder fillet or land protrusion at side.
C is the component tolerances.
C, is the tolerance on component length.

Another major condition for multiple-leaded components
that must be considered in land pattern design is lead, ter-
mination, or castellation pitch. The pitch describes the
basic dimension of the spacing of one component lead ter-
mination or castellation to its adjacent counterpart(s). No
tolerance is assigned to pitch in the profile dimensioning
concept. Differences in pitch are included in the width
dimensions of the lead, termination, or castellation which
are dimensioned as basic at the minimum size.

3.1.5 Dimension and Tolerance Analysis In analysing Cs is the tolerance on distance between component
the design of a component/land pattern system, several terminations.
things come into play, including the size and position tol- ¢, is the tolerance on the lead width.

erances of the component lead or termination, the toler- £ s the printed board fabrication (land pattern geometric)
ances of the land pattern, and the placement accuracy of tglerances.

the man/machine to center the part to the land pattern. Thep is the part p|acement tolerance (p|acement equipment
result is the land area available for a solder joint that pro-  accuracy).

vides a proper formation of a toe, heel, or side fillet. _
The formula (the square root of the sum of the squares) is

System equations have been developed for chip compo-jgentical for both toe and heel solder joint formation (dif-

nents and multiple leaded parts. These concepts assumggrent tolerances are used, however). However, the desired
that the target values of parts and land patterns are maxi-so|der joint dimension and the square root of the sum of the
mized to reflect solder joint formation (i.e., outer dimen- squares are added for outer land pattern dimensions and

sions of components at minimum size with outer dimen- gyptracted for inner land pattern dimensions. The result
sions of land patterns at maximum size). The equations USeprovides the final land pattern dimensions Z, G, and X.

the following symbols: . ) ,
The same concept is true for chip, multiple leaded or lead-

less components. Additionally, pitch with lead-to-land
overlap (M) can be evaluated as well as the space (N) to
reflect the clearance between a lead, termination, or castel-
lation and the adjacent land(s). These latter values are not
used in the equations to determine the land pattern sizes,
With the assumption that a particular solder joint or solder but may be used to limit lead-to-adjacent land proximity
volume is desired for every component, some methods useand to adjust lead-to-land overlap (see Figure 3-4).

C is the unilateral profile tolerance(s) for the component.

F is the unilateral profile tolerance(s) for the board land.
pattern

P is the diameter of true position placement accuracy to
the center of the land pattern.

10
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Note: Positional tolerance takes angularity into account

IPC-7351-3-04

Figure 3-4 Pitch for Multiple Leaded Components

The equations for determining if the clearance “N” or the
attachment overlap “M” are sufficient is as follows:

and/or land patterns. Since the total of all the number cal-
culations may not result in a reasonable numerical equiva-
lent, a suggested round-off (up or down) feature has been

W + X e ET added to the tables to identify a rounding up value for the
M=|"—2|-VC2+F2+P . . :
final number to be used in the design.
Table 3-1 Tolerance Analysis
—_——— Elements for Chip Devices
N=E- | WX V2 P2+ P2 P
2 Tolerance
Element Detailed Description
3.1.5.1 Tolerance and Solder Joint Analysis The fol- Component | The difference between the MMC and the
lowing tolerance concepts are used to determine the land) Tolerance ngﬁ] of %agh tcomp%nfnt dlmtensl_onyt_length,
. Wi an Istance petween terminations or
pattgrns.for electronic components. These concepts are leads. This number is the “C” tolerance in
detailed in Table 3-1 and reflect the tolerances on the com- the equations.
ponent, the tolerances on the land pattern (on the intercon- goard The difference between the MMC and the
necting substrate), and the accuracy of the equipment used Tolerance LMC of each land pattern dimension. This
for placing components. number is the “F” tolerance in the equations.
L L . . Positional Positional accuracy is defined as diameter
Solder joint minimums are shown for toe, heel and side fil- | Accuracy of true position (DTP). This is the variation
lets. These conditions are minimums, since the equations in ohf the partI centroic(i_ rella(tjed tfo the Ialnd pattern
theoretical center (includes feature location
?|1 address the C?Thponent, boarijr,h and.p!acemen:dacc_uratcy tolerance from Table 3-17).
olerances (sum of the squares). The minimum solder join
| ( . . d ) h hat th J | Toe Fillet The land protrusion beyond the lead or
or land pro'tru'smn is increased by the amount that the to-_ termination extremities (see Tables 3-2
erance variation does not use up. The courtyard excess is through 3-14).
added to the maximum dimension that the land pattern or| Heel Fillet | The land protrusion beyond the internal lead
component occupies. The courtyard excess number is or termination dimensions (see Tables 3-2
added to each side of the dimension in question. It is | through 3-14). _ : _
inten that thi ition provi ficient room for | Side Fillet The land protrusion to either side of the lead
ended tha s addition provides suficie 00 0 Width or termination (see Tables 3-2 through 3-14).

electrical and physical clearance between components

11



IPC-7351 February 2005

The IPC-7351 Library Documentation spreadsheets Table 3-2  Flat Ribbon L and Gull-Wing
included with this standard provide an analysis of tolerance Leads (greater than 0.625 mm pitch) (unit: mm)
assumptions and resultant solder joints based on the fin- Minimum Median Maximum
ished land it di . Tol f n (Least) (Nominal) (Most)
ished land pattern dimensions. Tolerances for componen Density Density Density
dimensions, the land pattern dimensions (fabrication toler- Lead Part Level C Level B Level A
ances on the interconnecting substrate), and the componenttoe (J;) 0.15 0.35 0.55
placement equipment accuracy are all taken into consider- Round-off fact Round off to the nearest two place
ation. These tolerances are addressed in a statistical modg, ~o-o 0" factor even decimal, i.e., 1.00, 1.20, 1.40
and assume even distribution of the tolerances for compo-| Heel (J,,)* 0.25 | 0.35 | 0.45

nent, fabrication and placement accuracy. Round off to the nearest two place

even decimal, i.e., 1.00, 1.20, 1.40
Side (Jg) 001 | o003 | 005

Round-off factor

Individual tolerances for fabrication (“F”) and component
lacement equipment accuracy (“P") are assumed to be as

p. . quip y ( . ) Round-off f Round off to the nearest two place

given in spreadsheet documentation. These numbers may Round-off factor decimal, i.e., 1.00, 1.05, 1.10, 1.15

pe moldn‘lgd based on user equipment capability or fabrica- Courtyard excess 01 | 0.25 | 05

tion crltgrla. Component tqlerancg .rangeﬁ'(cs’ and QN) 1. For gullwing components where dimension Smin is less than or equal to

are derived by subtracting minimum from maximum dimension Amax, use the following heel fillet goals:

dimensions given. The user may also modify these num- Density Level C - 0.05 mm

. . . . Density Level B - 0.15 mm
bers, based on experience with their suppliers. Density Level A - 0.25 mm

. . o . Note: This does not apply to gullwing components where the lead terminals
The dimensions for minimum solder fillets at the toe, heel, have a tolerance T1 that is greater than 0.5 mm.

or side (4, J,, J) have been determined based on industry

empirical knowledge and reliability testing. Solder joint Table 3-3 Flat Ribbon L and Gull-Wing Leads
strength is greatly determined by solder volume. An (less than or equal to 0.625 mm pitch) (unit: mm)
observable solder fillet is necessary for evidence of proper Minimum Median Maximum
wetting. Thus, the values in the library documentation (Least) (Nominal) (Most)

. " . Density Density Density
spreadsheets usually provide for a positive solder fillet. Lead Part Level C Level B Level A
Nevertheless,. if. the user of any of the three land pattern 1o (3) 0.15 0.35 0.55
geometry variations desires a more robust process condi- Round off to the nearest two place
tion for placement and soldering equipment, individual ele- | Round-off factor even decimal, i.e., 1.00, 1.20, 1.40
ments of the analysis may be changed to new and desired yjee (3, 0.25 | 0.35 | 0.45
dimensional conditions. This includes compo_ngnt, board or ~oundeof fact Round off to the nearest one place
placement accuracy spread, as well as minimum solder| ~ound-oit factor decimal, i.e., 1.0, 1.1, 1.2, 1.3
joint or land protrusion expectation. In addition, this stan- |gjge (35 20.04 | 20.02 | 0.01
dard recognizes the need to have different goals for the

Round off to the nearest two place
solder fillet or land protrusion conditions. Round-off factor decimal, i.e., 1.00, 1.05, 1.10, 1.15

L N Courtyard excess 0.1 0.25 0.5
Tables 3-2 through 3-14 indicate the principles used for the Y , . | — |
. For gullwing components where dimension Smin is less than or equal to

three goals established by this standard. The tables reflecﬁimension Amax, use the following heel fillet goals:
maximum (most), median (nominal) and minimum (least) Density Level C - 0.05 mm
R g ; Density Level B - 0.15 mm
material conditions for the land protrusions used to develop ;
: X K Density Level A - 0.25 mm
land patterns for surface mounting various lead or termina- note: This does not apply to gullwing components where the lead terminals
tions of components. Unless otherwise indicated, the IPC- have a tolerance T1 that is greater than 0.5 mm.

7351 identifies all three goals as Density Levels A, B, or C.

the exact tolerance on a manufacturer’s data sheet. Compo-
3.1.5.2 Component Dimensions lllustrations of compo- nent dimensions are provided according to the concepts of
nent dimensions in each library documentation spreadsheeffaximum and least materials condition (MMC and LMC).
are accompanied by a table of figures for each of the dif- Both conditions are presented in the tables within the
ferent part numbers, as taken from multinational compo- library documentation spreadsheets. The component manu-
nent standards organizations. The standards organization§acturers may not always dimension their components in
provide many more dimensions to define the requirementsaccordance with the limits shown in the tables. However,
for manufacturing the specific components in a family these limits may be used as criteria for go/no-go accep-
class; only those dimensions that are necessary for landtance of the component. The LMC dimensions of the fig-
pattern development are repeated within the library docu- ure are those that have been used in the equations
mentation spreadsheets. At times, the component toleranceslescribed in 3.1 for determining the recommended land

or component gauge requirements do not necessarily reflecpattern.

12
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Table 3-4 J Leads (unit: mm) Table 3-7 Cylindrical End Cap
— - - Terminations (MELF) (unit: mm)x
Minimum Median Maximum
(Least) (Nominal) (Most) Minimum Median Maximum
Density Density Density (Least) (Nominal) (Most)
Lead Part Level C Level B Level A Density Density Density
- Lead Part Level C Level B Level A
Heel (to find Z 0.15 0.35 0.55
dim) (J,) : ) ) Toe (J1) 0.2 0.4 0.6

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Toe (to find G dim)
(1)

-0.30 -0.20 -0.10

Heel (J,y)

002 | o1 | 02

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Side (Jg)

001 | o003 | 005

Side (Jg)

000 | o005 [ 01

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Round-off factor

Round off to the nearest one place
decimal, i.e., 1.0, 1.1, 1.2, 1.3

Courtyard excess

0.1

0.25

0.5

Table 3-5 Rectangular or Square-End Components
(Capacitors and Resistors) Equal to or Larger
than 1608 (0603) (unit: mm)

Courtyard excess 0.1 | 0.25 | 0.5
Table 3-8 Bottom Only Terminations (unit: mm)
Minimum Median Maximum
(Least) (Nominal) (Most)
Density Density Density
Lead Part Level C Level B Level A
Toe (J1) 0.15 0.35 0.55

Minimum Median Maximum
(Least) (Nominal) (Most)
Density Density Density
Lead Part Level C Level B Level A
Toe (J1) 0.15 0.35 0.55

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Heel (J,) 0.25

0.35

0.45

Heel (J.)

005 | -005 | -0.05

Round-off factor

Round off to the nearest one place
decimal, i.e., 1.0, 1.1, 1.2, 1.3

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Side (J) 0.01

0.03

0.08

Side (J,)

005 | 000 | 005

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Round-off factor

Round off to the nearest one place
decimal, i.e., 1.0, 1.1, 1.2, 1.3

Courtyard excess 0.1 0.25 0.5
Table 3-6 Rectangular or Square-End
Components (Capacitors and Resistors)
Smaller than 1608 (0603) (unit: mm)
Minimum Median Maximum
(Least) (Nominal) (Most)
Density Density Density
Lead Part Level C Level B Level A
Toe (J1) 0.00 0.10 0.20

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Courtyard excess 0.1 | 0.25 | 0.5
Table 3-9 Leadless Chip Carrier with
Castellated Terminations (unit: mm)

Minimum Median Maximum
(Least) (Nominal) (Most)
Density Density Density
Lead part Level C Level B Level A
Heel (J,,) (to find
Z dim) 0.45 0.55 0.65
Round off to the nearest two place
Round-off factor even decimal, i.e., 1.00, 1.20, 1.40
Toe (J) (to find G 0.05 0.15 0.25
dim)

Heel (J,)

005 | -005 | -0.05

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Side (Jg) -0.15

-0.05

0.05

Side (Jg)

000 | o000 | o005

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

0.1

Courtyard excess

0.25

0.5

Courtyard excess

01 [ o015 | 020
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Table 3-10 Butt Joints (unit: mm)

Table 3-13 Flat, No Lead (unit: mm)

Minimum Median Maximum Minimum Median Maximum
(Least) (Nominal) (Most) (Least) (Nominal) (Most)
Density Density Density Density Density Density
Lead Part Level C Level B Level A Lead Part Level C Level B Level A
Toe (Jy) 0.6 0.8 1.0 Toe (J1) 0.20 0.30 0.40

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Heel (J,)

o6 | o8 | 10

Heel (J,,)

000 | o000 [ o000

Round-off factor

Round off to the nearest one place
decimal, i.e., 1.0, 1.1, 1.2, 1.3

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Side (Jg)

o1 | o2 | 03

Side (Jg)

004 | -004 | -004

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Courtyard excess 0.2 | 0.8 15 Courtyard excess 0.1 | 0.25 | 0.5
Note: The rationale for the relatively large negative heel stems from the
tolerances for the lead lengths as also being relatively large. In order to
. maintain a minimum clearance of 0.20 mm to the thermal tab it becomes
Table 3-11 Inward Flat Ribbon L and Gull- necessary to trim the heel by -0.2 mm. Without a thermal tab the heel can
Wing Leads (Tantalum Capacitors) (unit: mm) usually be increased to as much as 0.50 mm.
Minimum Median Maximum
(Least) (Nominal) (Most)
Density Density Density Table 3-14 Small Outline (SO), No-Lead (unit: mm)
Lead Part Level C Level B Level A — - -
- - Minimum Median Maximum
2}’? (to find G dim) 0.07 0.15 0.25 Lead Part Level C Level B Level A
T Toe (J;) 0.20 0.30 0.40
Round-off factor Round off to the nearest two place Round off to the nearest two place
i even decimal, i.e., 1.00, 1.20, 1.40 - u W
T Round-off factor decimal, i.e., 1.00, 1.05, 1.10, 1.15
eel (1o Tin
dim) (3, 0.2 05 08 Heel (J,,) 000 | o000 | 000

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Side (Jg)

010 | -005 | o001

Round-off factor

Round off to the nearest one place

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Side (Jg)

004 | -004 | -004

Round-off factor

Round off to the nearest two place

decimal, i.e., 1.0, 1.1, 1.2, 1.3

Courtyard excess 0.1 0.25 0.5
Table 3-12 Flat Lug Leads (unit: mm)
Minimum Median Maximum
(Least) (Nominal) (Most)
Density Density Density
Lead Part Level C Level B Level A
Toe (J) 0.15 0.35 0.55

Round-off factor

Round off to the nearest two place
even decimal, i.e., 1.00, 1.20, 1.40

Heel (J,,)

0.25

0.35

0.45

Round-off factor

Round off to the nearest one place
decimal, i.e., 1.0, 1.1, 1.2, 1.3

Side (Jg)

-0.04

0.01

0.05

Round-off factor

Round off to the nearest two place
decimal, i.e., 1.00, 1.05, 1.10, 1.15

Courtyard excess*

0.1

0.25

0.5

* Depends on thermal requirements.

decimal, i.e., 1.00, 1.05, 1.10, 1.15
Courtyard excess 01 | 025 | 05

Note: With a thermal tab the heel can usually be increased to as much as
0.1 mm.

Dimensions that have had their tolerance spread reduced
are so indicated in the tables. Parts that are available with
shape characteristics or tolerance limits that fall outside the
recommended norms require land patterns that must be
altered slightly from those presented.

Users of these specialized parts are encouraged to develop
their own land patterns which then become unique to a
specific component vendor part. A dimensioning system
with specific equations has been provided to facilitate
unique land pattern development or enhance process usage.

3.1.5.3 Land Pattern Dimensions Land pattern dimen-
sions are provided in the sectional standards according to
the concepts of maximum material conditions (MMC).
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Sometimes a dimension is presented as a minimum dis-
tance. This occurs when defining a space(s) that exists

|
|

|
i

|
i

CREAOED |

Component / Pattern

between lands at MMC. The printed board manufacturer | * | — ]f‘jfl/ (Maximum Boundary)
may not always inspect the board in accordance with the | - ' ' Courtyard
limit concepts shown in the table. However, these limits | | ]:EH‘H/ Excess

may be used as the criteria for go/no-go acceptance of the |
printed board land pattern. The dimensions shown in each
table are those that have been used in the equations
described in 3.1 for determining the recommended land
patterns. The maximum material condition for each land
pattern analysis level describes the most robust joint or
land protrusion for that level land pattern.

' | Courtyard
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3.1.5.4 Courtyard Determination The courtyard of any Figure 3-5  Courtyard Boundary Area Condition
land pattern is the smallest area that provides a minimum3 1 5.5 Land Pattern Naming Convention The RLP

electrical and mechanical clearance of both the Component(Registered Land Pattern) numbering scheme previous'y
maximum boundary extremities and/or the land pattern ysed in IPC-SM-782A has been replaced with an intelligent
maximum boundary extremities. The intent of the court- |and pattern naming convention which will aid in the stan-
yard is to aid the designer in determining the minimum gardization of electronic schematic symbols for engineer-
area occupied by the combination of component and land g,

pattern. The information provided in Tables 3-2 through . .

3-14 is intended to relate to those excesses that should beEaCh land pattern in the IPC-7351 has received a name

added to the maximum dimension to derive the appropriate containing a prefix for the QeV|ce type,“ a}’ p'.” p|tch, anomi-
. nal lead span corresponding to the “L” dimension (or a
courtyard condition.

pair of nominal lead spans for components with termina-
As an example, if a component was the major determining tion leads on four sides), and a pin quantity. In the case of
factor of the boundary condition, it would have the excess ball grid array (BGA) packages, the column and row num-
added to the dimensions. The same holds true for a landbers are given as there are no end termination lead spans.
pattern that has the greater extremities. If either dimension The purpose of the number is to aid in communication
were 14.5 mm, and the excess from tables 3-2 through 3-14between engineering, design, and manufacturing. Specific
indicated an excess of 0.8 mm, the resulting courtyard Syntax explanations include:

would theoretica”y be 16.1 mm. The tables further define The + (p|us Sign) stands for “in addition to” (no space

a round-up feature. If the round-up were recommended aspetween the prefix and the body size).

being to the nearest 0.5 mm, the courtyard would become

The - (dash) is used to separate the pin qty.
16.5 mm. (dash) P pin aty

The X (capital letter X) is used instead of the word “by”
It should be noted that 16.5 mm is a number that, when to separate two numbers such as height X width like
divided by 2 to obtain the component centroid, provides 2 “Quad Packages.”
decimal pla_ces o the righ_t of the number. It therefore MY The suffix letters of L, M and N are reserved by IPC. The
be appropriate to keep this number in an even approxima-
tion such as 16.6 mm. This would provide 8.3 mm to either
side of the center of the component to help designers posi-
tion the component in relation to some grid or placement
algorithm.

suffix letters “L,” “M,” and “N” have been reserved to
signify when the land protrusion is at their minimum
(least), maximum (most), or median (nominal) protrusion
or use environment as follows:

When manufacturing allowance must be considered in the \y _ Maximum (Most) Material Condition
design process the courtyard represents the starting point of
the minimum area needed for the component and the land
pattern. Manufacturing, assembly and testing representa-
tives should assist in determining the additional room
needed to accommodate placement, testing, modification
and repair. This manufacturing allowance is usually depen-
dent on the density and complexity of the product, and is Note: Ball Grid Array (BGA) and Quad Flat No-Lead
not defined in this document. The manufacturing allowance (QFN) packages do not receive a suffix of “L,” “M” or
is determined by application and manufacturing process “N” as they are only listed in the median (nominal) den-
requirements (see Figure 3-5). sity level.

(Density Level A)

N — Median (Nominal) Material Condition
(Density Level B)

L — Minimum (Least) Material Condition

(Density Level C)
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Additional suffixes for alternate components that do not AA, AB, AC JEDEC or EIA Component Identifier (Used
follow JEDEC, EIA or IEC standards are as follows: primarily on Chip Resistors, Inductors and Capacitors).

“A" — Alternate Component (used for SOP and QFP The naming conventions shown in Table 3-15 are subject to
when component tolerance or height is different)  change as new component families are identified. The most

“B” — Second Alternate Component

current naming convention listing can be found on the IPC
website (www.ipc.org) under “PCB Tools and Calcula-

Additional suffices for JEDEC and EIA Standard parts that tors.”.
have several alternate packages are as follows:

Table 3-15 [IPC-7351 Land Pattern Naming Convention

COMPONENT, CATEGORY LAND PATTERN NAME
Ball Grid Array’s, Inch Based (1.27 mm / 0.05 in Pitch) ........ BGA127P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s, Metric Based (1.50 mm Pitch) ................... BGA150P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s, Metric Based (1.00 mm Pitch) ................... BGA100P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s, Metric Based (0.80 mm Pitch) ..................... BGA8OP + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s, Metric Based (0.75 mm Pitch) ........c..c......... BGA75P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s, Metric Based (0.65 mm Pitch) ..................... BGAB5P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s, Metric Based (0.50 mm Pitch) ..................... BGA50P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Ball Grid Array’s w/Staggered Pins (1.27 mm Pitch) ........... SBGA127P + Number of Pin Columns X Number of Pin Rows - Pin Qty
Capacitors, Chip, AMTAY .......ccccieiiieieieiiese e e CAPCA + Pitch P + Body Width X Body Length in Metric - Pin Qty
Capacitors, Chip, POIANZEd ...........occuiiiiiiii e CAPCP + Body Size in Metric
Capacitors, Chip, NONPOIAIZEA .........eiiiiiiiiieiiie et e e e e e e e enbaeee s CAPC + Body Size in Metric
Capacitors, Chip, WIre RECIANGIE ........coiiiiiiiiiie et et e e s e e e e nnnaeee e anes CAPCWR + Body Size in Metric
Capacitors, Molded, Nonpolarized CAPM + Body Size in Metric
Capacitors, Molded, POIAIIZEA ..........cooiiiiiiiie et e e e e e e s e e e s e e e e enaaaeeeenneeeean CAPMP + Body Size in Metric
Capacitors, Aluminum EIECrOIYtIC ..........oooiiiiiiiiie e CAPAE + Base Body Width (W) + Height (H)
CeramiC Flat PACKAGES .......c.coiciiiiiiiiiiiiiiie s CFP127P + Lead Span Nominal - Pin Qty
Column Grid AITAY’S ....viiiiiiiiiiiic et CGA + Number of Pin Columns X Number of Pin Rows - Pin Qty
Diodes, Molded (JEDEC Standard Package) DIOM + Body Size in Metric
[T Lo L= 1V I S DIOMELF + Body Size in Metric
Lo 10T o T @ o 1 o PR INDC + Body Size in Metric
INAUCLOrS, Chip, AITAY ...veeiiieiieeecieee et e e e et e e e e INDCA + Pitch P + Body Width X Body Length in Metric - Pin Qty
[gTo [UTo (o £\ (o] o [=To EN PP USURUURRINY INDM + Body Size in Metric
INductors, PreciSion WIre WOUNG ............oooiiiiiiiiiiiieiieeeeee e e s e e e e e e e e e e e e e e eeeeeeeeeeesaassab b aaesaaeeaeeeeaseees INDP + Body Size in Metric
Plastic Leaded Chip Carriers Square (JEDEC Standard PaCKage) ........cccuueieiiiiriiiiiiiieeiiiiee e siieee e siieae s sieee e siieee e PLCC - Pin Qty
Plastic Leaded Chip Carriers Rectangular (JEDEC Standard Package) ........cccceeveviiiireiiiiie e PLCCR - Pin Qty
Plastic Leaded Chip Carrier SOCKELS SQUAIE .......ccuurieiiiiieeiiiieeeeiieeeessieeeeassteeesssseeeeasnsseaeasssseeeaassseseesssseeessssseeeaanns PLCCS - Pin Qty
Plastic Leaded Chip Carrier Sockets Rectangular PLCCRS - Pin Qty
Plastic Quad Flat Packages, 0.635 mm PitCh, PiN 1 SIAE ........ocoiiiiiiiiiiiiieiiie et PQFPS - Pin Qty
Plastic Quad Flat Packages, 0.635 mm PitCh, PiN 1 CENET ......uuviiiiiiiiiiiiiie ettt PQFPC - Pin Qty
Bumper Quad Flat Packages, 0.635 mm Pitch, Pin 1 SIide .......c.cooiiiiiiiiiiiiic et BQFPS - Pin Qty
Bumper Quad Flat Packages, 0.635 mm PitCh, PiN 1 CENLEI .....c.oviiiiiiieiiiiee et e e BQFPC - Pin Qty
Quad Flat Packages, 1.00 mm Pitch QFP100P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Quad Flat Packages, 0.80 mm Pitch .........ccoooveiiiiiiiieieee e, QFP80P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Quad Flat Packages, 0.65 mm PitCh ............ccoiiiiiiiii QFP65P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Shrink Quad Flat Packages, 0.50 mm Pitch ..........cccccoiiiiiiiiiiiinns SQFP50P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Shrink Quad Flat Packages, 0.40 mm Pitch ........cccccoviiieiiieeeninen. SQFP40P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Shrink Quad Flat Packages, 0.30 mm Pitch ........cccccoviiieiiieeeien. SQFP30P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Thin Quad Flat Packages, 0.80 mm Pitch, Height < 1.60 mm .......... TQFP8O0OP + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Thin Quad Flat Packages, 0.65 mm Pitch, Height < 1.60 mm .......... TQFP65P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
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COMPONENT, CATEGORY LAND PATTERN NAME
Thin Quad Flat Packages, 0.50 mm Pitch, Height < 1.60 mm ........ TSQFP50P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Thin Quad Flat Packages, 0.40 mm Pitch, Height < 1.60 mm ........ TSQFP40P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Thin Quad Flat Packages, 0.30 mm Pitch, Height < 1.60 mm ........ TSQFP30P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Ceramic Quad Flat Packages, 1.27 mm Pitch ........cccccovvivveiiinnnnn. CQFP127P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Ceramic Quad Flat Packages, 0.80 mm Pitch .......cccccccoooveeiiiineninns CQFP80P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty
Ceramic Quad Flat Packages, 0.635 mm Pitch .............cccocoiiin. CQFP63P + Lead Span L1 X Lead Span L2 Nominal - Pin Qty

Quad Flat No Lead Packages 0.80 mm Pitch
Quad Flat No Lead Packages 0.65 mm Pitch
Quad Flat No Lead Packages 0.50 mm Pitch

QFNB8OP - Body Width X Body Length in Metric - Pin Qty + Thermal Pad
.. QFNG65P - Body Width X Body Length in Metric - Pin Qty + Thermal Pad
QFN50P - Body Width X Body Length in Metric - Pin Qty + Thermal Pad

Quad Flat No Lead Packages 0.40 mm Pitch ................... QFN40P - Body Width X Body Length in Metric - Pin Qty + Thermal Pad
Quad Leadless Ceramic Chip Carriers (JEDEC Standard Package) .............. LCC + Body Width X Body Length in Metric - Pin Qty
Quad Leadless Ceramic Chip Carriers (Pin 1 on Side) ........cccccoviveiriieiiennnne LCCS + Body Width X Body Length in Metric - Pin Qty
Quad Bottom Chip Carrier (JEDEC MO-217B) .....ccccocviiiiiiiiiiiiiiieiiceiieee QBCC + Body Width X Body Length in Metric - Pin Qty
T I51 (0] £ T 1 o TSP RESC + Body Size in Metric
ReSIStOrs, Chip, AITAY ....ovieiiieeecee e RESCA + Pitch P + Body Width X Body Length in Metric - Pin Qty
LT 153 10 £ 1 ] o [T S SERSSS RESM + Body Size in Metric
Resistors, MELF RESMELF + Body Size in Metric
Small Outline IC, J-Leaded 300, 350, 400, 450 mil Body Width (Pitch 1.27 mm) ............. S0OJ127P + Lead Span Nominal - Pin Qty
Small Outline IC, J-Leaded (Pitch 0.65 MM) ........cccoiiiiiiiiiiii e SOJ65P + Lead Span Nominal - Pin Qty
Small Outline Integrated Circuit, 1.27 mm Pitch (Standard 50 mil Pitch SOICs) ............. SOIC127P + Lead Span Nominal - Pin Qty

Small Outline Packages, 1.27 mm Pitch (Nonstandard 50 mil Pitch SOICs)
Small Outline Packages, 1.00 mm Pitch

SOP127P + Lead Span Nominal - Pin Qty
SOP100P + Lead Span Nominal - Pin Qty

Small Outline Packages, 0.80 MM PItCh .........ooiiiiiiii e SOP80P + Lead Span Nominal - Pin Qty
Small Outline Packages, 0.65 MM PItCh ...........coiiiiiii e SOP65P + Lead Span Nominal - Pin Qty
Small Outline Packages, 0.635 MM PitCh ...........ccciiiiiiiiiii SOP63 + Lead Span Nominal - Pin Qty
Shrink Small Outline Packages, 0.50 mm Pitch ........ccccoooiiiiiiiiiiii SSOP50P + Lead Span Nominal - Pin Qty
Shrink Small Outline Packages, 0.40 MM PItCh .......ccoiiiiiiiii e SSOP40P + Lead Span Nominal - Pin Qty
Shrink Small Outline Packages, 0.30 MM PItCh .......ccccvviiiiii e SSOP30P + Lead Span Nominal - Pin Qty
Thin Small Outline Packages, Height is < 1.60 mm, 1.27 mm Pitch ........cc.ccccoovvveennnnn. TSOP127P + Lead Span Nominal - Pin Qty
Thin Small Outline Packages, Height is < 1.60 mm, 1.00 mm Pitch ........c....ccoocvveennennn. TSOP100P + Lead Span Nominal - Pin Qty
Thin Small Outline Packages, Height is < 1.60 mm, 0.80 mm Pitch .... TSOPS8OP + Lead Span Nominal - Pin Qty
Thin Small Outline Packages, Height is < 1.60 mm, 0.65 mm Pitch ............ccccocoiviiinnnnn. TSOPG65P + Lead Span Nominal - Pin Qty
Thin Shrink Small Outline Packages, Height is < 1.60 mm, 0.55 mm Pitch ................... TSSOP55P + Lead Span Nominal - Pin Qty
Thin Shrink Small Outline Packages, Height is < 1.60 mm, 0.50 mm Pitch ................... TSSOPS50P + Lead Span Nominal - Pin Qty
Thin Shrink Small Outline Packages, Height is < 1.60 mm, 0.40 mm Pitch ................... TSSOP40P + Lead Span Nominal - Pin Qty
Thin Shrink Small Outline Packages, Thin (Height is < 1.60 mm) 0.30 mm Pitch .......... TSSOP30P + Lead Span Nominal - Pin Qty
Very Small Outline Packages, 0.762 mm Pitch (0.30 in Pitch) ........cccoovviiiiiiiiiiiicnn, VSOP762P + Lead Span Nominal - Pin Qty
SOD (Example: SOD3705 = SODI123) .......ccccuiiiiiiiiiiiiiiesiee ettt SOD + Lead Span Nominal + Body Width
SON - Dual No Lead Packages 0.3 - 0.8 mm Pitch .................... SON + Pitch (P) - Body Width X Body Length - Pin Qty + Thermal Pad
SOT89 (JEDEC StaNUArad PACKAGE) ....ecuvereeiiieeeiiiiiieeeetiteeesieeeeasstteaeessteteeasteeeeasaeeeeansseaeaanseeeeeanseeeeeeanseeeeeanseeaessnseneeannneeeennnnes SOT89
SOT143 (JEDEC Standard PACKAGE) .......ueeeeiieieeiiiiieeiiiieeeesieeeeasiteaeesssteeeeaasteaaesteeeeaastaaeeassseeeaassseaeeasasseeeesssseeeeansseaeeansneneean SOT143
SOT343 (JEDEC Standard PACKAGE) ........ceeiuieiuieiiiiiiii ettt ettt sttt ettt b et e bt e e e e b e et e e e e e s e e nbeesneeneens SOT343
SOT143 Reverse (JEDEC Standard PACKAJE) ........cccuiiiuiiiiiiiiiieiiieiii st SOT143R
SOT343 Reverse (JEDEC Standard PACKAGE) ......cccuuuiiiiiiiiiiiiiiie ettt ettt e ettt e e s sab e e s nnte e e e e s nnteeeeannneeeeennees SOT343R
SOT223 (JEDEC Standard Package) (Example: SOT230P700-4N) .... ... SOT + Pitch (P) + Lead Span Nominal - Pin Qty
SOT Generic Package 0.65 MM PItCh .......ooiiiiiiiiiiiec e SOT65P + Lead Span Nominal - Pin Qty
SOT Generic Package 0.95 MM PItCh ......uviiiiiiiiiiie e SOT95P + Lead Span Nominal - Pin Qty
TO (Generic DPAK) (Example: TO228P970-3N) ...ccuuiiiiiiiiieiiieaieeeiieeaieeesieeesieeesne e snee s TO + Pitch (P) + Lead Span + Pin Qty
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3.2 Design Producibility As part of the planning cycle of  for the greatest latitude in fabrication processes and toler-
a product’s development, a concurrent engineering taskance variables. Before adopting extreme fine-line and uti-
group should be assembled to determine the criteria for lizing small plated holes, understand the cost impact, yield,
each new design. During this planning phase, the productand long-term reliability of the product.
function and configuration is clearly defined and the assem-
bly process options outlined. Product size, component 3.2.4 Assembly Considerations Manufacturing effi-
types, projected volume and the level of manufacturing ciency includes component placement. Within the con-
equipment available may affect process options. straints of circuit function, maintaining a consistent spacing
between components and common orientation or direction
Following the substrate development, the assembly will be of polarized devices can have an impact on all steps of the
evaluated for many of the fundamentals necessary to insureassembly process. In addition, when common orientation is
a successful SMT process. Specific areas addressed duringnaintained, machine programming is simplified and com-
the evaluation include: ponent verification, solder inspection and repair are simpli-
a) Land pattern concepts fied (See Figures 3-9 and 3-18).
b) Component selection 3.2.5 Provision for Automated Test Testability of the
¢) Mounting substrate design assembled circuit substrate must be planned well in
advance. If component level In-Circuit Test (ICT) is neces-
sary, one test probe contact area is required for each com-
e) Method of test mon node or net. Ideally, all probe contact lands are on one
side, typically the secondary side (double sided test fixtures
are significantly more expensive). Functional testing may

d) Assembly methods

f) Phototool generation

g) Meeting minimum solder joint requirements also employ the same test nodes used for in-circuit test but
h) Stencil fixture requirements will include all connectors that interface to cables and other
assemblies.

i) Wave solder fixture requirements

3.2.6 Documentation for SMT Documentation used to

o _ fabricate the circuit substrate and assemble the product

k) Providing access for rework and repair must be accurate and easy to understand. Details, specifi-
cations and notes will guide both the assembly processing

3.2.1 SMT Land Pattern The use of process proven land anq control the quality level of a product. Unique materials

patterns for the solder attachment of surface mount devicesg, special assembly instructions, such as moisture sensitiv-

will provide a benchmark to evaluate solder joint quality. ity and handling, should be included on the face of the

Land pattern geometry and spacing utilized for each com- yetaij| drawings or in the documentation package.
ponent type must accommodate all physical variables

including size, material, lead contact design and plating. 3.3 Environmental Constraints

j) Providing access for inspection

3.2.2 Standard Component Selection Whenever pos-  3.3.1 Moisture Sensitive Components Plastic encapsu-
sible, SMT devices should be selected from standard con-lated IC packages may be susceptible to absorbing mois-
figurations. The standard components will be available ture. The component manufacturer usually provides spe-
from multiple sources and will usually be compatible with cialized packaging for these, and furnish instructions for
assembly processes. For those devices developed to meaise or maintaining those parts in a controlled storage envi-
specific applications, standard packaging is often available.ronment. IPC/JEDEC J-STD-033 provides proper handling
Select a package type that will be similar in materials and and testing methods such as for moisture sensitivity.
plating of standard device types when possible.

3.3.2 End-Use Environment Considerations Com-
3.2.3 Circuit Substrate Development Design the circuit pounds, materials and assembly processes should consider
substrate to minimize excessive costs. High-density surfacethe products end-use environment. Table 3-16 provides
mount technology often pushes the leading edge of sub-information on the end-use environment characteristics for
strate technology. When estimating circuit density, allow nine basic environments.
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Table 3-16 Product Categories and Worst-Case Use Environments for Surface Mounted Electronics (For Reference Only)

Temperature, °C / °F @

Worst-Case Use Environment

Product Category Tmin® Tmax® AT® tp™® Typical years Approx. Accept.
(Typical Application) Storage Operation °C/°F °C/°F °C/°F hrs Cycleslyear of Service Failure Risk, %
Consumer -40/85 0/55 0/32 60/140 35/63 12 365 1-3 1
Computers and Peripherals -40/85 0/55 0/32 60/140 20/36 2 1460 5 0.1
Telecomm -40/85 -40/85 -40/-40 85/185 35/63 12 365 7-20 0.01
Commercial Aircraft -40/85 -40/85 -55/-67 95/203 20/36 12 365 20 0.001
Industrial and Automotive - -55/150 -40/85 -55/-67 95/203 20/36 12 185 10-15 0.1
Passenger Compartment &40/72 12 100
&60/108 12 60
&80/144 12 20
Military -40/85 -40/85 -55/-67 95/203 40/72 12 100 10-20 0.1
(ground and shipboard) &60/108 12 265
Space -40/85 -40/85 3/5.4
to 100/180
leo -55/-67 95/203 1 8760 5-30 0.001
geo 12 365
Military Aircraft -55/125 -40/85
a -55/-67 125/257 40/72 2 100 10-20 0.01
b 60/108 2 100
c 80/144 2 65
Maintenance 220/36 1 120
Automotive -55/150 -40/125 -55/-67 125/257 60/108 1 1000 10-15 0.1
(under hood) &100/180 1 300
&140/252 2 40

& = in addition

1. All categories may be exposed to a process temperature range of 18°C to 260°C [64.4°F to 500°F].

2. Tmin and Tmax are the operational (test) minimum and maximum temperatures, respectively, and do not determine the maximum AT.

3. AT represents the maximum temperature swing, but does not include power dissipation effects; for power dissipation calculate AT; power dissipation can make pure temperature cycling accelerated testing
significantly inaccurate. It should be noted that the temperature range, AT, is not the difference between Tmin and Tmax ; AT is typically significantly less.

4. The dwell time, tp, is the time available for the creep of the solder joints during each temperature half-cycle.
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See IPC-SM-785 and IPC-9701 for details regarding com- together whenever possible, with the net list or connectiv-
ponent and assembly testing. ity and circuit performance requirements ultimately driving

) ) o the placements. In memory boards, for example, all of the
3.4 Design Rules The printed board design principles  memory chips are placed in a clearly defined matrix with
recommended in this standard consider current test andpin one orientation in the same direction for all compo-
manufacturing capabilities. Exceeding the limitation of ants. This is a good design practice to carry out on logic
these capabilities requires concurrence of all participants in designs where there are many similar component types
the process including manufacturing, engineering and testyit, different logic functions in each package. On the other
technology. Involving test and manufacturing early in the hand, analogue designs often require a large variety of
design helps to move a quality product quickly into pro- component types making it understandably difficult to

duction. group similar components together. Regardless of whether
Manufacturing engineering should be consulted regarding the design is memory, general logic, or analog, it is recom-
any Components Outside the Scope Of th|s document_ mended (When pOSSIb|e) that the orientation Of pln 1on a"

IC components is the same, provided that product perfor-
3.4.1 Component Spacing mance or function is not compromised.

3.4.1.1 Component Considerations The land pattern 341 4 Grid-Based Component Positioning SMT com-

design and component spacing affect the reliability, manu- ponent placement is generally more complex than PIH
faCtUrabi”ty, testablllty and repairability of surface mount printed boards for two reasons: h|gher component densi-
assemblies. A minimum inter-package spacing is required ties, and the ability to put components on both sides of the
to satisfy all these manufacturing requirements. Maximum poard. In high-density SMT designs the spacing between
inter-package spacing is limited by several factors, such asjands of different components are often less than 0.2 mm.
available board space, equipment, weight considerations,Grid-based SMT device placement may not be practical

and circuit operating speed requirements. Some designsjue to the large variety of component shapes.

require that surface mount components be positioned as
close to one another as possible. Two effects created by random component placement are a

loss of uniform grid-based test node accessibility and a loss
3.4.1.2 Wave Solder Component Orientation On any of logical, predictable routing channels on all layers (pos-
printed board assembly where surface mount devices are tcsibly driving layer counts). In addition, the accepted inter-
be wave soldered, the orientation of devices in respect tonational grid identified in IPC-1902 states that for new
the solder wave can contribute to excessive solder procesglesigns the grid should be 0.5 mm, with a further subdivi-
defects. The preferred orientation compared in Figure 3-6 sion being 0.05 mm. One solution to the problem is to
optimises the solder process, minimizing solder bridging build CAD libraries with all component lands connected to
on the trailing or shadowed contacts as the assembly exitsvias on 0.5 mm centers (or greater, based on design) to be
the solder wave. All polarized surface mount components used for testing, routing, and rework ports.
should be placed in the same orientation when possible.

Iti ier t inted board (PB) that h if
The following additional conditions apply: 's easier to process a printed board (PB) that has uniform

component center-point spacing cross the board in both
a) All passive components should be parallel to each directions (see Figure 3-7).

other.
3.4.2 Single- and Double-Sided Board Assembly The

term single-sided board assembly refers to components
mounted on one side, and the term double-sided refers to
¢) The long axis of passive components shall be perpen-components mounted on both sides of the board. The
dicular to the direction of travel of the board along the 4oyple-sided board assembly may require additional solder
conveyer of the wave solder machine. and assembly process steps and can increase manufacturing
cost. Designers should concentrate on locating all compo-
nents on the primary side of the board whenever possible.

b) The longer axis of SOICs and the longer axis of passive
components shall be perpendicular to each other.

3.4.1.3 Component Placement Similar types of compo-
nents should be aligned on the board in the same orienta-
tion for ease of component placement, inspection, and sol-3.4.2.1 Solder Paste Stencil The solder stencil is the
dering. Also, similar component types should be grouped primary vehicle by which solder paste is applied to the
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Figure 3-6 Component Orientation for Wave-Solder Applications
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Figure 3-7 Alignment of Similar Components

SMT printed board. With it, the exact location and volume The optimum stencil thickness is determined by evaluating
of solder paste deposition is precisely controlled. The art- the solder paste requirements for all the components to be
work for developing the stencil is the component mounting reflow soldered. This should be based on study of the mini-
lands from the outer layers of the board with all other cir- mum and target requirements for SMT solder joints given
cuitry deleted. The information provided for the openings in IPC/EIA-J-STD-001.

in the stencil is usually indicated as being the same size as

the lands on the board for all components. This information Ideally, the volume deposited should be the total amount
(or data) may be selectively modified by the printed board required to achieve the “target” solder joint condition (see
assembler or process engineer who will define the specific|PC-A-610), less the solder already available on the land

adjustments required to meet specific solder volume and termination or lead (the latter can together amount to
requirements (see IPC 7525). 10% to 20% of the total and should not be ignored). In
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making calculations, it should be noted that the solder con-
tent of most pastes is 50% to 55% by volume (not by Panel Fiducial
weight), depending on particle size.
Global Fiducial

If the amount of solder paste to be deposited is less than y
the amount provided by using an aperture at or near the «* .
land area size, a reduced area of print should be placed in
the best position on the land to assure good wetting of the
joint areas. In some cases, this may best be achieved by
reducing the width of the print, in others, the length. For o .
very fine pitch with inter-land gaps of less than 0.2 mm,
staggering (offsetting) the print at alternate ends of the
lands can reduce the risk of shorts after soldering.

If the amount of solder paste required is more than the
amount available using the geometry provided for the basic
land pattern on the PCB the aperture size in the stencil canfi9ure 3-8 Panel/Local Fiducials

be enlarged to increase solder volume. The amount anda minimum of three fiducial marks is required for correc-

direction of the overhang of the printed solder beyond the tion of nonlinear distortions (scaling, stretch and twist).

land is dictated by the space available around the land andthese should be located in a triangular position as far apart
the need to avoid shorting and solder bridging if excess as possible on the circuit or panel.

overhang occurs. The tolerances on land position and print-
ing accuracy need to be considered when calculating the
maximum allowable over-print. See IPC-7525 for the
design and fabrication of stencils for surface mount solder
paste application. A minimum of two local fiducial marks are required for

) ) correction of translational offsets (x and y position) and
3.4.3 Component Stand-off Height for Cleaning The rotational offsets (theta position). This can be two marks

recomme_nded minimum component stand-off h_eight for located diagonally opposed within or outside the perimeter
cleaning is affected by the distance across the diagonal ofOf the land pattern (see Figure 3-9)

the component lead pitch.

IPC-7351-3-08

3.4.4.2 Local Fiducials Local fiducial marks are used to
locate the position of an individual component requiring
more precise placement.

o ) It is good design practice to locate global or panel fiducials
It @ minimum stand-off cannot be achieved, proper clean- j, 5 three-point grid-based datum system as shown in Fig-
ing under the component may not be possible. In this case, ;.o 3.10. The first fiducial is located at the 0-0 location.
it is recommended that a no-clean flux be used and/or maskpa second and third fiducials are located in the X and Y

material should be retained over all exposed via and Circ“itdirections from 0-0 in the positive quadrant. The global

patterns located under devices. fiducials should be located on the top and bottom layers of

all printed boards that contain surface mount as well as

3.4.4 Fiducial Marks A fiducial mark is a printed art- h h-hol _ h h-hol
work feature created in the same process as the circuit artthrough-hole components since even through-hole assem-
bly systems are beginning to utilize vision alignment sys-

work for optical recognition systems. The fiducial and a
circuit pattern artwork must be etched in the same step. tems.

The fiducial marks provide common datum points for all Al Ime p('thh_ comdp_ore;:s should ha\tlT tv(\;o Ic?[tcal f|tdu_ual
steps in the assembly process. This allows each piece of>YStems desighed into the component fand pattern to nsure

equipment used for assembly to accurately locate the cir- thattefnmfgh gdumals a:je a\:je;nable lever()j/ t'm?hthz Coglpzl-l
cuit pattern. There are two types of fiducial marks. '?e” .|s placed, removed andior rep ace. on the board.
fiducials should have a soldermask opening large enough to

keep the optical target absolutely free of soldermask. If
soldermask should get onto the optical target, some vision
alignment systems may be compromised due to insufficient
contrast at the target site.

3.4.4.1 Panel and Global Fiducials Global fiducial
marks are used to locate the position of all circuit features
on an individual board. When a multi-image circuit is pro-
cessed in panel form, the global fiducials are referred to as
panel fiducials (see Figure 3-8). If space is limited, one may be able to share a fiducial from
an adjacent component within the location constraint (see

A minimum of two global fiducial marks is required for Figure 3-10).

correction of offsets (x and y position) and rotational off-
sets (theta position). These should be located diagonally3.4.4.3 Size and Shape of Fiducial The optimum fidu-
opposite and as far apart as possible on the circuit or panel.cial mark is a solid filled circle. The preferred diameter of

22



February 2005

IPC-7351

o O
O o
o O
o O
o O
o O

OO0OO0OO0OO0O0OO0O0O0
OO0OO0OO0OO0O0OO0O0O0

[e}Ne]
[e}Ne]
[e}Ne]
[e}Ne]
[e}Ne]
[e}Ne]
[o)Ne]

o O
o O
o O

o

\s

O0OO0O0O0O000O0O0O0OO0
O 0000000000 O0Q|

Two Corner Fiducial Targets

per FP Device is Preferred

IPC-7351-3-09

Figure 3-9 Local Fiducials
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Figure 3-10 Fiducial Locations on a Printed Board
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the fiducial mark is 1.0 mm. The maximum diameter of the thinner copper, narrower conductor width and spacing.
mark is 3.0 mm. Fiducial marks should not vary in size on Higher component density may increase PCB layer counts
the same PCB more than 25 um. A clear area devoid of anyas well, requiring the use of more vias to make the neces-
other circuit features or markings shall exist around the sary connections between layers (see Figure 3-12).
fiducial mark. The minimum size of the clear area shall be

equal to twice the radius of the mark (see Figure 3-11).  3.4.5.2 Inner Layer Conductors The use of wider con-
ductors and spacing often drives layer counts up because

there is less routing channel available between vias. It is
Clearance for this reason that there is an increased usage of narrower
conductors on internal layers. Figure 3-13 compares the
number of routing channels available between lands using
the 0.15 mm geometry. Since conductor width control is
much more difficult to maintain on outer layers of the PCB,

it is better to keep the narrower conductor geometries on
the inner layers of a multilayer printed board. Generally,
the option of using narrow geometries is driven by the need

R to reduce layer counts. Decreasing layer counts may reduce
the overall board thickness and improve the aspect ratio for
2R small hole drilling.
ini 4.6 Vi ideli
Minimum 7351511 3.4.6 Via Guidelines
Figure 3-11 Fiducial Size and Clearance Requirements 3.4.6.1 Drilled Via Holes The size of the via holes

should be selected on the basis of the printed board thick-
ness versus the hole diameter or aspect ratio limits as
defined by the printed board fabricator. In addition, specific
via lands and holes can be accessed for automatic in-circuit
test (ICT). Figure 3-14 shows the land-pattern-to-via rela-
tionships.

3.4.4.4 Zonal Fiducials To ensure the accurate place-
ment of multiple surface mount components that are not
near ‘component specific local fiducials’ or ‘global fidu-
cials’, additional ‘zonal fiducial targets’ may be placed
within a zone or an area of the board assembly to compen-
sate for board dimensional stability.

3.4.4.5 Material The fiducial mark may be bare copper, 3-4.6.2 Vias and Land Pattern Separation For reflow
bare copper protected by organic coating or metal plating. soldering, via lands must be located away from the compo-
If solder mask is used, it should not cover the fiducial mark nent lands to prevent solder migration. This migration will
or the clearance area. It should be noted that excessive oxi-cause insufficient solder fillets on components. The solder

ability. tor between the land area and the via or prevented by using

] the soldermask over bare copper circuitry. The relationship
3.4.4.6 Flatness The flatness of the surface of the fidu- o mounting land and via locations should consider the
cial mark should be within 15 pm. conductor routing requirements. Figure 3-15 provides sev-

3.4.4.7 Edge Clearance The edge of the fiducial should eral examples of via positioning concepts.

be no closer to the board edge than the sum of 4.75 MMyyige conductors connecting to a land area can act as a sol-
and the minimum fiducial clearance required. If less than yeor thief by drawing solder away from the land and down
this sum, a board handling fixture may be required. the conductor. Furthermore, if the conductor goes to a via

3.4.4.8 Contrast Best performance is achieved when a Which is connected to an inner layer power or ground

consistent high contrast is present between the fiducial Plane, the plane may act as a heat sink and draw heat away
mark and the PCB base material. from the land/lead area during reflow solder resulting in a

S defective solder joint.
The background for all fiducial marks must be the same.

That is, if solid copper planes are retained under fiducials Specifying soldermask tented or filled vias will prevent
in the layer below the surface layer, all fiducials must retain solder migration on assemblies manufactured with a solder

uniform background. If copper is clear under one fiducial, reflow process. Filled or tented vias also take care of poten-
all must be clear. tial flux entrapment problems under components and are

highly desirable for attaining good vacuum seal during
in-circuit bed-of-nails testing. Tenting is typically done
3.4.5.1 Conductor Width and Spacing Increased com-  with a dry film type of soldermask, or if via holes are very
ponent density on SMT designs has mandated the use ofsmall, may be plugged and tented using liquid soldermask.

3.4.5 Conductors
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Figure 3-12 Use of Vias in High Component Density Printed Circuit Boards
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Figure 3-13 Conductor Routing Capability Test Pattern
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Figure 3-15 Examples of Via Positioning Concepts

3.4.6.3 Vias Under Components During wave soldering  3.4.6.4 Vias Within Lands Via holes within the surface

of the assembly, flux may potentially become trapped mount component attachment lands are permitted only if
under zero clearance devices. If the assembly is to be wavethe via is plated closed, filled or plugged and capped
soldered, via holes underneath zero clearance componentgplated) in such a way as to prevent solder migration dur-
on the primary side should be avoided on boards unlessing the component attachment process. A blind or plated
vias are tented with soldermask. Untented via holes may beclosed micro-via in the land is typically acceptable for sol-

located underneath zero clearance surface mount packageder attachment of surface mount components. Refer to
in reflow soldered surface mount assemblies that will not IPC-2226 for minimum annular ring requirements for

be exposed to wave soldering (see Figure 3-16). microvias.
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Figure 3-16 Vias Under Components

3.4.6.5 Vias as Test Points Via holes, in addition to connector contacts and conductors in relation to the datum
being used for connecting surface mounted componentreference. These tolerances include master pattern accu-
lands to conductor layers, may also be used as test targetsacy, material movement, layer registration and fixturing.

for bed-of-nails type probes and/or rework ports. When a

via is used as a test point it is required that the x-y location 3-4.7.4 Annular Ring Control Annular ring is defined as
and size of a test land be defined as a secondary file for testhe amount of land that remains after a hole is drilled

fixture development. through it. With high-density SMT designs, maintaining
minimum annular requirements has emerged as one of the
3.4.7 Standard PCB Fabrication Allowances Manufac- most difficult parts of multilayer PCB fabrication in terms

turing tolerances or standard fabrication allowances (SFA) of producibility. Perfect registration will maximize the
exist in all PCB fabrication shops. Virtually every registra- annular ring all around the drilled hole.

tion or alignment operation that is performed has some
potential for misregistration. There are approximately 42
basic steps in fabricating a multilayer PCB, several of
which involve operations that require precision in location
and alignment. The tolerance varies according to the
printed board maximum diagonal dimension and must be
included in the land size calculations. The fabricator should
be consulted prior to beginning a design to determine their
SFA. With this SFA value, the designer can proceed
accordingly, preventing tolerances from stacking up and
creating yield and/or production problems.

For example, using a 0.8 mm [0.0315 in] land with a 0.5
mm [0.0197 in] drill will result in a 0.15 mm [0.00591 in]
annular ring under perfect registration conditions. If mis-
registration of 0.15 mm [0.00591 in] occurs in any direc-
tion, the result will be a 0.3 mm [0.012 in] annular ring on
one side of the pad, and no annular ring on the other side.
If misregistration is greater than 0.15 mm [0.00591 in], i.e.,
0.2 mm [0.0079 in], then the drill will actually break out of
the land. If the breakout is in the direction where the con-
ductor connects to the land, the drill will effectively discon-
nect the conductor from the land. The net result is a
3.4.7.1 PCB Manufacturing Characteristics Figure scrapped PCB. Since signal conductors intersect the lands
3-17 shows the various characteristics of conductor geom-from all directions, any breakout has the potential to ran-
etry after etching. End-product drawings and specifications domly disconnect conductors all over the PCB.

should specify only the minimum for conductor spacing;
however, conductor widths should be defined according to
minimum values, where land patterns should be defined as
to their maximum material conditions (MMC). Clear target
values for conductors and land patterns will help the manu-
facturer achieve the desired condition.

Maintaining consistent annular ring control is difficult, but

methods have been developed to insure connectivity
between lands and conductors. Each method is intended to
provide copper material where the conductor enters the
land. The land which has the added material may resemble
a teardrop or keyhole or adopt alternate designs as shown

3.4.7.2 Conductor Width Tolerances Table 3-17 repre-  in Figure 3-18.

sents process tolerances that can be expected with normal . -
processing. (Specific process tolerances should be dis->48 Panelization -Components can be mognteq on indi-
cussed with the board manufacturer.) The bilateral toler- vidual boards or on boards that are organized in a panel

ances in Table 3-17 are typical for 0.046 mm [0.00181 in] fhorn:j.I_Boards. or pe}[nels that tvr\:l” beh mo:/ed liydautoma;.tlc
copper. For additional copper thickness, a further width andiing equipment or pass through automated operations

variation can be expected (see Figure 3-17). (pgrts placement, soldering, clean!ng, .etc'). must have she-
cific areas kept free of parts or active circuitry. Typically, a

3.4.7.3 Conductive Pattern Feature Location Toler- clear area of 3.0 mm [0.012 in] to 5.0 mm [0.0197 in] wide
ance Table 3-18 is for the tolerance to be applied to the must be allowed along the sides for the clearance. The
nominal dimension chosen for the location of the lands, required clearance width is dependent upon the design of
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Figure 3-17 Conductor Description
Table 3-17 Conductor Width Tolerances,
0.046 mm [0.00181 in] Copper, mm [in]
Producibility Producibility Producibility
Feature Level A Level B Level C

Without + 0.06 mm + 0.04 mm + 0.015 mm ‘

plating [+ 0.00236 in] | [+ 0.00157 in] | [+ 0.0005906 in] AR ) </

: \ [y

With +0.10 mm + 0.08 mm + 0.05 mm \ / |
plating | [+ 0.00393 in] | [+ 0.00314 in] | [+ 0.0197 in] \l L/ o
| I
| | | |
Table 3-18 Feature Location Accuracy (units: mm [in])

Greatest Filleting Corner Entry Key Holing
Board/ X,Y Producibility Producibility Producibility IPC-7351-3-18
Dimension Level A Level B Level C : —

Up to 300 0.30 0.20 0.10 Figure 3-18 Examples of Modified Landscapes

[11.81] [0.012] [0.00787] [0.00394]
Up to 450 0.35 0.25 0.15

[17.72] [0.0138] [0.00984] [0.00591]
Up to 600 0.40 0.30 0.20

[23.62] [0.0157] [0.012] [0.00787]
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the board handling and fixturing equipment. These dimen- surface mount components, a designer should consider how
sions should be obtained from the process equipmenta printed board or P&l structure will be fabricated,
manufacturer before board or panel design (see Figureassembled and tested. Each of these processes, because of
3-19). the particular equipment used, may require fixturing, which

will affect or dictate certain facets of the board layout.

Special tooling and fixturing holes are generally located . ) . .

. Tooling holes, panel size, component orientation and clear-
within the edge clearance areas. The clearance areas argnce areas (both component and conductor) on the primar
needed to avoid interference with board handling fixtures, P P y

. . . and secondary sides of the board are all equipment and

guidance rails and alignment tools.
process dependent.

For accurate fixturing, two or more nonplated holes are
located in the corners of the board to provide accurate To produce a cost-effective layout through optimum base
mechanical registration on board transfer equipment. Boardmaterial utilization, a designer should consult with the
handling holes (typically 3.2 mm [0.126 in]) may also be board manufacturer to determine optimum panel size. The
located in the clearance areas. These holes may be used bloard should be designed to utilize the manufacturer’s sug-
automated board handling equipment or for test fixture gested usable area. Smaller boards can be ganged or nested
alignment. Specific panel size should be obtained from the in a uniform panel format to simplify fixturing and reduce

equipment manufacturer or process engineer. excessive handling during assembly. Panel layout is typi-
cally defined by an assembly process specialist or the
3.4.8.1 Board Size and Panel Construction In order to manufacturing service provider.

fully utilize the automation technology associated with
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Figure 3-19 Typical Copper Glass Laminate Panel
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Panel construction may include several boards arranged in3.5 Outer Layer Surface Finishes
a matrix or simply one board requiring additional material
retained for efficient assembly processing. The large board3.5.1 Solder Mask Finishes Solder mask coatings are
or several smaller boards are retained in the panels andused to protect the circuitry on the printed board. Solder
separated after all assembly processes are completedmask coatings are available in two forms, liquid and dry
Excising or separating the individual boards from the panel film. The polymer mask material is applied using several
must be planned as well. Several methods are used to retaiProcess methods and is furnished in varying thicknesses.
circuits in a panel, including V-groove scoring, NC routing As an example, liquid materials will have a finished thick-
and routed slot with break-away tabs. ness of 0.02 mm [0.0079 in] to 0.025 mm [0.00984 in]
while the dry film products are supplied in thicknesses of
3.4.8.2 V-Groove Scoring V-groove scoring may be pro-  0.04 mm [0.016 in], 0.08 mm [0.0315 in], and 0.10 mm
vided to enable post assembly separation. The groove fea{0.0394 in]. Although screen type printing for solder mask
ture is generally provided on both surfaces of the board andis available, photo-imaged soldermask is recommended for
only in a straight line. A small cross-section of board mate- surface mount applications.
rial is retained at the break line. An allowance for the scor-
ing angle must be made as well. Conductors that are
located too close to the score groove will be exposed or
damaged, and rough edges must be sanded lightly to
remove burrs and rough fabric particles (see Figure 3-20).

The photo process provides a precise pattern image and
when properly developed eliminates mask residue from
land pattern surfaces. The mask thickness may not be a
factor on most surface mount assemblies but, when fine
pitch (0.63 mm [0.0248 in] or less) IC devices are mounted

3.4.8.3 Routed Slot and Tab Features The routed slot on the printed boards, the lower profile soldermask will

and tab pattern is widely used for panel construction and provide better solder printing control.
break-away tab extensions. Routing is more precise than
scoring, and edge surfaces are smooth, but the break-awa
“tab” points will require consideration. Tabs can be cut

and ground flush with the board edge or predrilled in a pat-
tern. The drilled pattern furnishes a low stress break point
on the “tab.” If the hole pattern is recessed within the

board edge, secondary sanding or grinding can be bypassedror land pattern designs with routed conductors between
(see Figure 3-21). lands (see Figure 3-23), the solder mask pattern must

3.5.2 Solder Mask Clearances A solder mask may be
)ﬁsed to isolate the land pattern from other conductive fea-
tures on the board such as vias, lands or conductors. Where
no conductors run between lands, a simple gang mask
opening can be used as shown in Figure 3-22.
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90° Score
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Break Line

]
]
.
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Figure 3-20 Conductor Clearance for V-Groove Scoring
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Figure 3-21 Breakaway (Routed Pattern) with Routed Slots

3.5.3 Land Pattern Surface Finishes The soldermask

Solder Mask openings expose the land patterns for attachment of surface
l mount components. These are usually copper-based and
therefore need protection in order to prevent the copper

.T I Lalnd from oxidizing, thus resulting in poor solderability of the

! surface land patterns. The protection of the land patterns
may be accomplished by organic solderability protective
(OSP) coatings or metallic finishes such as solder coating,
¢ gold, silver, or palladium platings.

The choice of coatings or plating is dependent on the
IPC-7351.3-22 assembler’s preference or the type of components being
assembled. A single coating or plating finish is preferred
for the entire board. Mixing the surface finish types is not
completely cover the conductor. A more precise registration recommended due to the different process steps required.
is necessary because of the tight tolerance needed to covepelective finishes may be necessary based on the mix of
the conductors without encroaching on the land area. PCBCcOmponent types, lead pitch and attachment process or lead
manufacturers are required to keep the soldermask materiaf€rmination finish characteristics.

off the land. Clearance conditions can vary from 0.0 mm
[0.0 in] to 0.1 mm [0.0040 in].

Gang

Figure 3-22 Gang Solder Mask Window

4 COMPONENT QUALITY VALIDATION

4.1 Validation Techniques Because of the variety of
[ I component tolerances, and the possibility that tolerances
H H may vary on components, users are encouraged to establish
: : H validation of the land pattern and component geometry. In
I W addition, components should be selected and qualified to
I I
|l I |
I T

1

meet the end products maximum operating temperature

—" I limits. Figure 4-1 shows a chart referencing the upper and
| lower limits of various components.
Conductor GE Validations of parts and circuits may be accomplished
through the use of standard test patterns. These patterns
Pocket PC.7351-3-23 may be used not only to evaluate a particular part to a land

pattern, but may also be used to evaluate component prod-
ucts’ capability to stand up to various processes being used
in assembling surface mounted parts.

Figure 3-23 Pocket Solder Mask Window
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Figure 4-1 Component Operating Temperature Limits
5 TESTABILITY costs, since nodal access determines which test methods

. ) are possible and effective.
5.1 Board and Assembly Test There are five basic types

of tests which can be performed on SMT boards. These
are:

The use of design concepts with grid-based 100% nodal
access from either side of the board may be the most eco-
nomical approach from the total process perspective. If the
a) Bare-board test which checks the unpopulated board forgrid-based test land concept is used, the test fixtures for

shorts and opens bare and assembled board tests will not become obsolete
b) Manufacturing defect analysis which checks the popu- through later board connectivity revisions if the test nodes
lated board for soldering shorts are not moved. Also, if the printed board uses buried vias,

the grid-based test land concept with 100% nodal access
may provide access to buried nets from the ends of the
nets; this is a benefit realized during the bare-board test.

¢) In-circuit test operational verification of each individual
component

d) Functional test operational verification of functional

block of circuits 5.1.2 Assembled Board Test The method of test must

o o ) ) o be determined prior to design layout. If the defect rate is
e) Compmauonal test limited integration of in-circuit and relatively high, most boards will require diagnosis, and the
functional test economics of automatic in-circuit test (ICT) will demand

The first test type is a bare-board test performed by the that full nodal access be provided within the board layout.
board fabricator. The remaining four test types are loaded If the defect rate is low, ICT may be omitted and rely on a
on assembled board tests and performed after assemblyfunctional test. Extremely low defect levels would theoreti-
The bare-board test should be mandatory, while the loadedcally allow 0 % nodal access (no bed-of-nails test at all),
board may be tested using any one or a combination of theapplying only a simple pass/no-pass test through a common
four loaded board tests. interface connector.

5.1.1 Bare-Board Test In testing printed boards using The major considerations in determining nodal access are:

through-hole technology, the defect rate and the test meth-* Defect rate.

ods chosen are the principle determiners of overall teste Diagnostic capability.
cost. Real-estate considerations (specifically the percentagg regl-estate impact.
of nodes that are available for bed-of-nails probing) are not
a concern, since the holes provide 100% nodal access. In
testing surface mount boards, however, real-estate consid= Layer count.
erations (in addition to defect rates) have an impact on teste Cost impact.

» Board area.
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Determining the percentage of nodal access to design intoEven in the higher density designs, the philosophy of pro-
a board layout requires trading off all the issues discussedviding 100% access to every node of every net from either
previously: defect rate, test development cost, test opera-side of the board can be accomplished. However, this deci-
tion costs including manual troubleshooting costs, and, of sion must be made at the beginning of a design.

course, impacts on real estate. Short of having no defects

at all, full nodal access remains the most desirable option.5.2.2 Test Strategy for Bare Boards After the product

test philosophy has been established, a test strategy or pro-
&edure can be defined. For an overview of several elements
of a procedure, consider the following:

As with through-hole technology boards, once the board is
designed (nodal access fixed) and its tests are designe
(test methods fixed), the defect rate becomes the primary
key to reducing test costs. Therefore, defect reporting, @ Vision inspection of inner layers using AOI.
analysis, and correction/prevention are imperative. This b) Vision inspection of O/L land/via connections.
may involve closer supplier relationships to reduce compo- ¢) prohe only vias on either side for bare board test.
nent and board level problems, and in-house action to

reduce process-induced problems. d) Do not damage SMT lands with probe tips.

e) Probe secondary side vias for loaded test board.
f) Screen paste on vias for airtight board.

The actual product test strategy must be organized by all of
the concurrent engineering team members who will be
involved in the testing process. This will ensure that the
integration of the various test types and procedures will not
have too much redundancy, or create gaps that may endan-
ger test integrity.

5.2 Nodal Access In the early stages of product develop-
ment cycles, test philosophies and strategies are often
undefined. This is especially true when a company is mov-
ing from one level of packaging technology to the next
higher level of packaging technology, for example, from
through-hole technology to surface mount technology or
from fine-pitch lead-frame packaged ICs to BGA or CSP.
During these transition periods, the concurrent engineering
approach is essential for designing nodal access for test-
ability into the product. Concurrent engineering is the prin-
ciple vehicle by which test priorities can and should be
moved up to the beginning of the design cycle and
addressed with a higher priority. In the early stages of a
design, a test philosophy should be clearly defined, then a
strategy for executing the tests can be implemented. An
ideal philosophy to adopt is one that identifies all of the
different test types and the level of test that each type In-Circuit Test (ICT) only needs to have access to one node
requires. per net. Every net has at least two nodes. Some nets have
many nodes, for example, on memory boards one net may
be connected to many nodes. In order to achieve full integ-
rity at the ICT level, access to only one node of each net is
all that is required. Therefore, the total number of test
probes required to perform the ICT is significantly less
than the number required for the bare board test.

5.3 Full Nodal Access for Assembled Board The num-

ber of test probes needed to test the board is equal to the
total number of device nodes or common connection
between devices. However, in the case of most dense sur-
face mount designs, this often requires the use of a double-
sided, or clamshell test fixture because all of the nodes are
not accessible from one side of the board.

5.2.1 Test Philosophy The test philosophy should be
written to encompass whatever combination of tests are
necessary for the product. Then, a simple strategy for
implementing the required tests can be defined prior to
beginning the design process. Planning testability at the
beginning of a product development cycle instead of the
end can result in significantly lower test costs per node and For fine-pitch components, it is good design practice to
provide higher nodal accessibility throughout the entire distribute approximately half of the test vias to the inside
process from initial design to final test. of the land pattern and the other half to the outside of the
land pattern as shown in Figure 5-1. This accomplishes two
objectives:

1. The maximum density of test points established for a
given piece of test equipment is not exceeded.

The best test philosophy to adopt is one that will make
provisions for executing every test method available. Even
when the product testing procedure is well defined at the
beginning of the development cycle, it may change after
the design is complete. Some things to consider in outlin- 2. Wider distribution of test points reduces the high-
ing a test philosophy: pressure point areas which cause fixture bowing during
a) Strategic placement of all component vias. vacuum or mechanical actuation.
b) Provide access to every node of every net. 5.3.1 In-Circuit Test Accommodation Specific via lands

¢) Access of every node from one side of the board is pre- gnd holes can be reserved and accessed for automatic

ferred. in-circuit test (ICT). The via land location for each com-
d) Correct test pad geometries and clearances. mon network in a circuit is matched to a test probe contact
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Test Via Grid Concepts
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Figure 5-1 Test Via Grid Concepts

in the test fixture. The test system can then drive eachited nodal access (less than 100%) still allows the use of
device on the assembly and quickly locate defective spring probe (bed-of-nails) testing, but not as effectively as
devices or identify assembly process problems. full nodal access does. When nodal access is less than
100%, shorts, defects and in-circuit testing cannot be per-
To insure precise alignment of the probe contact pins with formed completely, and some faults may not be detected.
the printed board, exact x and y probe position and specific
networks must be furnished to the fixture developer. Iden- A greater burden is therefore placed on functional or sys-
tifying the test locations as components in the CAD data- tem test to detect and diagnose shorts, defects, and bad
base will allow for easy transfer of fixture drilling data. devices. This burden varies inversely with the nodal access
This data will reduce fixture development time and elimi- percentage. The extra effort at functional test may consist
nate the drilling of excessive, nonfunctional holes in the of additional recurring manpower cost to diagnose failing
fixture base. For low volume assembly, or high component boards, or it may mean developing a more detailed func-
density assembly, fixtureless testing by way of flying probe tional test (nonrecurring cost) than would have been
equipment is an option. planned otherwise.

5.3.2 Multi-Probe Testing Some test probe systems can
exert considerable deformation forces on the assembled
boards and are a known source of premature service fail-

ures. An essential part of the printed board layout is 10 ¢y e, only be cost-justified if the much higher cost-per-

e;'] sure tr:jat the If(gc_a t'?n dpftprobln? pomt_z on the poar:j:i zfare defect repair is performed so infrequently that the total cost
staggered at sullicient distances 1o avold EXCESSIVE ACIOMq agq than the cost of developing and operating an ATE
mation during multi-probe testing. When the probe point

. . " bed-of-nails test. In other words, the first pass yields must
locations are highly concentrated, additional support may be extremely high to justify this approach

be needed in the test fixture design in order to counter the
effect against the high probe pressure concentration. The
area on the board where the support is to be provided5.6 Clam-Shell Fixtures Impact Probing the printed

should be located where it is clear of conductors and com- board from both sides requires a “clam-shell” type of fix-
ponents. ture. These are expensive, take more time to fabricate,

require larger test lands on the primary side to protect
5.4 Limited Nodal Access Provided the designer has against registration problems due to tolerance stack-ups,
allowed sufficient room for access to the test land(s), lim- and they are more difficult to maintain.

5.5 No Nodal Access No nodal access (0%) prohibits
bed-of-nails testing and defers all assembly defects and
component testing until the functional or system test bed.
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5.7 Printed Board Test Characteristics 5.7.3 Design for Test Parameters The following other
considerations are important to the general land pattern

5.7.1 Test Land Pattern Spacing Design for testability o0 that should be incorporated into the printed board.
is as much a part of the schematic design process as it is a

part of the board layout process. Ideally, the printed board a) Two unplated tooling holes should be available on
would have 100% of the nodes accessable from the second- diagonal corners of the printed board.

ary side of the PB assembly. In-circuit testers must have p) Test lands should be 2.5 mm [0.0984 in] minimum from

access to at least one node per net. Probe spacing is the edge of the printed board to facilitate gasketing on
optional; however, standard probe spacing is typically  vacuum fixtures.

2.0 ;r:m {0'0787 'E] 25 T)m [0'0983 in] WT”e m|n|aiu(r)e, ¢) When using vias for test points, caution should be taken
needie type probes can be spaced as close as L9 MM, insure that signal quality is not degraded at the
[0.0394 in] to 1.25 mm [0.04921 in]. expense of testing capability.

The drawbacks to the 1.0 mm [0.0394 in] to 1.25 mm () Test lands should be 0.63 mm [0.0248 in] minimum
[004921 |n] grid'based test |andS are the fO”OWing. The from mounting land areas.

miniature, needle type probes are more expensive and they ) _
do not hold up as well in high-volume production. Also, e) Where possible, provide numerous test lands for power
any via sites that are to be used as test points should be and ground.

solder filled for better contact and increased probe life. f) Where possible, provide test lands for all unused gates.
Free running gates sometimes cause instability during
in-circuit testing. This will provide a means of ground-
ing these spurious signals.

5.7.2 Test Land Size and Shape Lands or vias should be
0.9 mm [0.0354 in] to 1.0 mm [0.0394 in] for probing. As
land sizes decrease, misses increase dramatically as shown
in Figure 5-2. The use of square via lands may provide a It is sometimes desirable to provide drive and sense nodes
larger target zone for the test probe to contact. test lands to perform six-wire bridge measurements during

100% Probability of at Least One Miss
0

A \
80%
60% \
N\
N\
0% | | | \ —

0.25 mm 0.35 mm 0.5 mm 0.6 mm 0.75 mm 0.9 mm 1.0 mm
Diameter

Test/Via Probe Contact Size

®

1.0 mm Dia 0.9 mm Square
[0.04 in] [0.036 in]

IPC-7351-5-02

Figure 5-2 General Relationship Between Test Contact Size and Test Probe Misses
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in-circuit test. Directions for this should come from test 6 PRINTED BOARD STRUCTURE TYPES

engineering. The selection of a packaging and interconnecting structure
for surface mounting applications is important for optimum
thermal, mechanical and electrical systems reliability. Each
candidate structure has a set of properties with particular
advantages and disadvantages when compared to others
(see Table 6-1).

Care should be taken when mounting components on the|t js probable that no one packaging and interconnecting
secondary side to avoid covering a via hole that is a desig- structure or printed board will satisfy all of the needs of the
nated test land. Also, if a via hole is too close to any com- application. Therefore, a compromise of properties should
ponent, damage may result to the component or fixture pe sought that offers the best “tailoring” for component
during probing (see Figure 5-3). attachment and circuit reliability.

In addition, it is useful to identify the test vias and lands on
an assembly drawing in event of the need to modify the
circuit topology. Changes made without moving test lands
avoid fixture modification, saving cost and time.

Component
Height
Free
6.5 mm [0.256 in] height Aron Test Pad N
e
\
/ '
¥ | Test |
[T _TJ 4 N \«—\ Pad !
[/ \ /
|H] 0] N 7
5.0 mm [0.20 in]
Tall Component
Free area
>5.0 mm
[0.20 in] Min.
IPC-7351-5-03

Figure 5-3 Test Probe Feature Distance from Component
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Table 6-1 Printed Board Structure Comparison

Type Major Advantages Major Disadvantages Comments
Organic Base Substrate
Epoxy fiberglass Substrate size, weight, rework- | Thermal conductivity, X, Y and Z | Because of its high X-Y plane

able, dielectric properties, con-
ventional board processing.

axis CTE.

CTE, it should be limited to
environments and applications
with small changes in tempera-
tures and/or small packages.

Polyimide fiberglass

Same as epoxy fiberglass plus
high temperatures X-Y axis
CTE, substrate size, weight,
reworkable, dielectric properties,
high T,.

Thermal conductivity, Z-axis
CTE, moisture absorption.

Same as epoxy fiberglass.

Epoxy aramid fiber

Same as epoxy fiberglass,
X-axis CTE, substrate size,
lightest weight, reworkable,
dielectric properties.

Thermal conductivity, Z-axis
CTE, resin microcracking, Z
axis CTE, water absorption.

Volume fraction of fiber can be
controlled to tailor X-Y CTE.
Resin selection critical to
reducing resin micro-cracks.

Polyimide aramid fiber

Same as epoxy aramid fiber,
X-axis CTE, substrate size,
weight, reworkable, dielectric
properties.

Thermal conductivity, Z-axis
CTE, resin microcracking, water
absorption.

Same as epoxy aramid fiber.

Polyimide quartz (fused
silica)

Same as polyimide aramid fiber,
X-Y axis CTE, substrate size,
weight, reworkable, dielectric
properties.

Thermal conductivity, Z-axis
CTE, drilling, availability, cost,
low resin content required.

Volume fraction of fiber can

be controlled to tailor X-Y CTE,
drill wear-out higher than with
fiberglass.

Fiberglass/aramid
composite fiber

Same as polyimide aramid fiber,
no surface microcracks, Z axis
CTE, substrate size, weight,
reworkable, dielectric properties.

Thermal conductivity, X and Y
axis CTE, water absorption,
process solution entrapment.

Resin microcracks are confined
to internal layers and cannot
damage external circuitry.

Fiberglass/PTFE®
laminates

Dielectric constant, high
temperature.

Same as epoxy fiberglass, low-
temperature stability, thermal
conductivity, X and Y axis CTE.

Suitable for high-speed logic
applications. Same as epoxy
fiberglass.

Flexible dielectric

Light weight, minimal concern to
CTE, configuration flexibility.

Size, cost, Z-axis expansion.

Rigid-flexible boards offer
trade-off compromises.

Thermoplastic

3-D configurations, low high-
volume cost.

High injection-moulding setup
costs.

Relatively new for these
applications.

Nonorganic Base
Alumina (ceramic)

CTE, thermal conductivity,
conventional thick film or thin
film processing, integrated
resistors.

Substrate size, rework limita-
tions, weight, cost, brittle,
dielectric constant.

Most widely used for hybrid
circuit technology.

Supporting Plane

Printed board bonded to Substrate size, reworkability, Weight. The thickness/CTE of the metal

plane support (metal or dielectric properties, conven- core can be varied along with

nonmetal) tional board processing, X-Y the board thickness, to tailor the
axis CTE, stiffness, shielding, overall CTE of the composite.
cooling.

Sequential processed Same as board bonded to Weight. Same as board bonded to

board with supporting
plane core

supporting plane.

supporting plane

Discrete wire

High-speed interconnections,
good thermal and electrical
features.

Licensed process, requires
special equipment.

Same as board bonded to low-
expansion metal support plane.

Constraining Core
Porcelainized copper-clad
invar

Same as alumina.

Reworkability, compatible thick
film materials.

Thick film materials are still
under development.

Printed board bonded
with constraining metal
core

Same as board bonded to low
expansion metal cores, stiff-
ness, thermal conductivity, low
weight.

Cost, microcracking.

The thickness of the graphite
and board can be varied to
tailor the overall CTE of the
composite.

Compliant layer sructures

Substrate size, dielectric
properties, X-Y axis, CTE.

Z-axis CTE, thermal
conductivity.

Compliant layer absorbs
difference in CTE between
ceramic package and substrate.
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6.1 General Considerations Printed board structures process, Table 6-2 lists design parameters and material
vary from basic printed wiring boards to very sophisticated properties which affect system performance, regardless of
supporting-core structures. However, some selection crite-PCB type. Also, Table 6-3 lists the properties of the mate-

ria are common to all structures. To aid in the selection rials most common for these applications.

Table 6-2 PCB Structure Selection Considerations

Material Properties
Coefficient
Design Transition of Thermal Thermal Tensile Flexural Dielectric Volume Surface Moisture
Parameters Temperatures | Expansion | Conductivity Modulus Modulus Constant Resistivity Resistivity | Absorption
Temperatures X X X X
and power
cycling
Vibration X X
Mechanical X X
shock
Temperatures X X X X X X
and humidity
Power X X
density
Chip carrier X X
size
Circuit X X X
density
Circuit speed X X X
Table 6-3 PCB Structure Material Properties
Material Properties
XY
Glass Coefficient
Transition of Thermal Thermal XY Tensile Dielectric Volume Surface Moisture

Material Temperature Expansion Conductivity Modulus Constant Resistivity Resistivity Absorption
Unit of °C PPM/°C W/M°C PSI x 10 At 1 MHz Ohms/cm Ohms Percent
Measure (Note 4)
Epoxy 125 13-18 0.16 25 4.8 10*2 10t 0.10
fiberglass
Polyimide 250 12-16 0.35 2.8 4.8 10 103 0.35
fiberglass
Epoxy aramid 125 6-8 0.12 4.4 3.9 108 10%6 0.85
fiber
Polyimide 250 3-7 0.15 4.0 3.6 10*2 10*? 1.50
aramid fiber
Polyimide 250 6-8 0.30 4.0 10° 108 0.50
quartz
Fiberglass/ 75 20 0.26 0.2 2.3 10%° 101 1.10
Teflon®
Thermoplastic 190 25-30 34 10%7 10t N/A
resin
Alumina- N/A 5-7 21.0 44.0 8.0 10
beryllia
Aluminum N/A 23.6 200 10 N/A 106 N/A
(6061 T-6)
Copper N/A 17.3 400 17 N/A 10s
(CDA101)
Copper-clad N/A 3-6 150XY/20Z 17-22 N/A 10e N/A
Invar
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6.1.1 Categories In general, a PCB structure will fitinto  6.4.2 High-Density PCB Technology High-density,
one of four basic categories of construction: organic base sequentially processed, multilayer PCB structures are avail-
material, nonorganic base material, supporting plane, andable in a wide variety of organic dielectrics. Using thinner
constraining core. copper foils for fabrication the board manufacturer can pro-
vide very narrow conductor and spacing features and by
6.1.2 Thermal Expansion Mismatch A primary concern implementing smaller mechanical drills, laser ablation,

when using low expansion surface mount parts is the ther- Photo-lithography or plasma processes, smaller blind
mal expansion mismatch between the leadless part and thénd/or buried vias can be provided for layer-to-layer inter-
PCB structure. This mismatch will fracture solder joint connections.
interconnections if the assembly is subjected to thermal The major advantage of this system is that the vias can be
shock, thermal cycling, power cycling and high operating as small as 0.10 mm [0.00394 in] or less and conductor
temperatures. The number of fatigue cycles before solderwidths can range from below 0.12 mm [0.00472 in] for
joint failure depends on the thermal expansion mismatch high interconnection density. Thus, some applications can
between the part and the PCB structure, the temperaturebe satisfied with fewer signal layers while providing addi-
range over which the assembly must operate, the soldertional layers for power and ground. Refer to IPC-2226 for
joint thickness, the size of the part and the power cycling. more detailed design guidelines for high density PCB.
For example, power cycling may cause an undesirable ther-
mal expansion mismatch if a significant temperature differ- 6.4.3 Constraining Core Structures As with supporting
ence exists between a device or package and the PB strucplane, one or more supporting metallic or nonmetallic
ture. planes can serve as a stiffener, heatsink, and/or CTE con-
straint in constraining core structures.

6.2 Organic-Base Material Organic-base materials work o
best with leaded chip carriers. With leadless chip carriers 8-4-4 Porcelainized Metal (Metal Core) Structures An
and some BGA packaging, the thermal expansion mis- integral core of low-expansion metal (for example, copper-

match between package and substrate can cause problem&lad Invar) can reduce the CTE of porcelainized metal
Also, flatness, rigidity, and thermal conductivity require- Structures so that it closely matches the CTE of the ceramic
ments may limit their use. Finally, attention should be paid chip carrier. Also, the s.tructur.e size is V|rtuaIIy.unI|m|t.ed.
to package size, /O count, thermal cycling stability, maxi- However, the low melting point of the porcelain requires

mum operating temperature and solder joint compliance. !O\liV-flrlng—temperature conductor, dielectric and resistor
inks.

6.3 Nonorganic Base Materials Nonorganic ceramic  ,; AssSEMBLY CONSIDERATION EOR SUREFACE MOUNT
base materials typically used with thick- or thin-film tech- tecHnoLOGY (SMT)

nology, although more costly, are suited for leaded and
leadless chip carrier designs. Suppliers can incorporate

thick- or thin-film resistors directly on the ceramic struc- aging and interconnecting structure reduces board real
Fure and burieq .capacitor layers th","t ingrease density andestate significantly. The type of SMT assembly is basically
improve r_ella}bl!lty. HOWGV‘?“ repa|rab|llty of the PCfB determined by the type of surface mount components to be
structure is limited. Ceramic materials, usually alumina, used: see 7.1 for a description of types and classes.
appear ideal for PCB structure with leadless ceramic chip

carriers because of their relatively high thermal conductiv- - 1 gyt Assembly Process Sequence The SMT assem-

ity. Unfortunately, the structure is limited to approximately pjies are soldered by reflow (infrared, hot air convection,
100 mm square. Ceramic PCB structures have three pri-|aser, conduction, vapor phase, and/or wave soldering pro-
mary applications: ceramic hybrid circuits, ceramic multi- cesses) depending upon the mix of surface mount and

The smaller size of surface mount components and the
option of mounting them on one or both sides of the pack-

chip modules (MCM-L) and ceramic printed boards. through-hole mount components. The process sequence for
one-sided SMT is shown in Figure 7-1. Solder paste is
6.4 Alternative PCB Structures applied, components are placed, the assembly is reflow sol-

dered and cleaned. For two-sided SMT assemblies, the
6.4.1 Supporting-Plane PCB Structures Supporting board is turned over and the process sequence just
metallic or nonmetallic planes can be used with conven- described is repeated. The assembly process for two-sided
tional printed boards or with custom processing to enhance SMT is simply a sequential combination of SMT processes,
PCB properties. Depending on the results desired, the sup-owever, component weight vs. surface tension should be
porting plane can be electrically functional or not and can calculated to determine if heavy components will require
also serve as a structure stiffener, heatsink and/or CTE con-additional reinforcement prior to the second reflow solder-
straint. ing process.

39



IPC-7351 February 2005

Basic Assembly Process for SMT

Solder _ Print _ Device
Printing ~| Inspection | Placement
: _ Reflow | Clean! and
Inspection | Solder Process| | Inspection
Assembly _ Package
Test? - and Ship

1 When cleaning is required.

2 Test may include functional, in-circuit, burn-in as well as post assembly programming.
IPC-7351-7-01

Figure 7-1 Typical Process Flow for Full Surface Mount Type 1b and 2b Surface Mount Technology

The process sequence for surface mount with through-holeto ensure joint strength. Also, component placement must
or pin-in-hole (PIH) component technology is shown in be controlled in order to prevent excessive adhesive
Figure 7-2. Adhesive is applied and the surface mounted squeeze-out, and possible shorts to adjacent lands.
components placed. The adhesive is then cured, and the o

board is inverted to receive the through-hole component_7'2'3 Solder Pa.Ste Application _Solder paste plays an
leads automatically or by hand insertion. After lead clinch- important role in reflow soldering. The paste tacks the
ing (if required), and with the through-hole components on

component before reflow. It contains flux, solvent, sus-
top and the surface mount components beneath, the boarcPendlng agent, and alloy of the desired composition. Sol-
is typically wave soldered. An alternative sequence is to

der paste is applied on the lands before component place-
reverse the initial stages i.e., insert (and clinch) the

ment either by screening, stenciling, or syringe. Screens are
through-hole components before attaching the surface made from stainless steel or polyester wire mesh, and sten-
mounted components and then wave soldering.

cils are etched stainless steel, brass, and other stable alloys.
Stencils are preferred for high-volume applications. They
Finally the assembly may be cleaned, inspected, repaired ifare more durable than screens, easier to align, and can be
necessary, and tested, though not necessarily in that orderused to apply a thicker layer of solder paste, and, where
narrow, point apertures are required for example, for fine-
7.2 Substrate Preparation pitch lands. Electroformed stencils may be required for
very small components such as 0201 capacitors and resis-
7.2.1 Adhesive Application In wave soldering surface tors.
mount components, selection and application of adhesive
plays a critical role. With too much adhesive, the adhesive
flows onto lands resulting in poor solder fillets. Too little
adhesive will fail to accomplish its objective of holding
parts to the bottom of the board during wave soldering.

The goal of the technology that's employed to make the
stencil is to ensure that this transfer is as efficient and com-
plete as possible. There are several post processes that
enhance the stencil's performance, including electropolish-
ing and trapezoidal section apertures that are created with

L laser cut technolo
7.2.2 Conductive Adhesive Some applications for SMT oy

attachment use conductive adhesive as the attachment.2.3.1 Laser Cut Stencil Development Laser cut sten-
material. Unlike solder paste which is redistributed when cils are produced directly from the customer’s original Ger-
reflowed, conductive adhesives must be properly controlled ber file or GenCAM or IPC-2581 data. Eliminating the

40



February 2005 IPC-7351

Two Side SMT / Auto PIH Assembly
Solder Paste _ Sd. 1 SMT _ | Fine Pitch SMT _ Reflow
Print Placement Placement Solder
Auto Place @ Dispense | Sd.2SMT @ Hand Load
PIH Epoxy Placement Odd Form PIH
Wave N Clean/ N Electrical N Final .
Solder Inspect Test Inspection
IPC-7351-7-02

Figure 7-2 Assembly Process Flow for Two-Side Surface Mount with PIH

need to make a photo tool eliminates the potential for mis- 7.3 Component Placement The accuracy requirements
registration. And since there are no photographic steps, afor device placement make it more practical to use roboti-
stencil can be made with excellent positional accuracy and cally controlled machines for surface mount components
remake reproducibility. The tolerance on the aperture on the board. Selection of the appropriate autoplacement
dimensions can be held to 7 um [276 pin], allowing for machine is dictated by the type of components to be placed
printing 0.3 mm [0.0118 in] pitch. This process yields and the assembly production rate. Sequential placement
maximum paste release, resulting in minimal stencil clean- equipment typically utilizes a software controlled X-Y
ing, thereby increasing printing efficiency. Plus, the laser moving table system. Components are individually placed
cutting process inherently creates trapezoidal apertures,on the printed board in succession. Typical cycle times
furthering complete paste transfer. vary with component size and complexity.

A trapezmdal section aperture 'S one which has_ a larger 7.3.1 Component Data Transfer Prior to designing the
opening on the contact (board) side of the stencil than on

. . S .PCB board in the CAD system, each component is con-
the squeegee side. The opening on the contact side is typi-

) ; 7+ structed in digital form creating an electronic database. The
cally 5 um [197 pin] per side larger than the squeegee side .
. . ; , . .- CAD data is most often used to prepare photo-tool artwork,
dimension, depending on the customer’s requirements. This

- PCB fabrication details and assembly instructions but, if
wall geometry, when further enhanced by electropolishing,

. L developed in the correct format, it can also be adapted to
allows for better paste release during the printing process. . . .
. i . manufacturing processes. Direct transfer of CAD data into
The results are more noticeable on fine pitch components.

automated assembly systems will accelerate production
Depending on the overall array design and given the right set-up and reduce overall assembly system programming
metal thickness selection, chem-etched stencils can pertime.

form adequately at 0.5mm [0.0197 in] pitch. Their effi-
ciency can be improved with performance enhancing pro-
cesses such as electropolishing and/or trapezoidal sectio
apertures. For more details in the engineering of the stencil
for specific soldering requirements, refer to IPC-7525.

When the CAD database for the device is prepared, specific
hysical data for each device can be used to assist assem-
ly machine programming for both component placement

(X-Y coordinate position) and orientation. To facilitate the

X-Y coordinate information, a datum position must be

7.2.4 Solder Preforms Solder preforms are sometimes established on the PW board surface. The recommended

used for through-hole mounted devices as well as SMT datum “0” for X and Y coordinates ideally, may be one of

rework or prototype boards. They come in specific size and the global fiducial targets at the lower left or lower right

composition, with flux either inside the preforms, or as a corner of the board or panel. Surface mount devices are
coating or without flux. They may be cost-effective to furnished in tape and reel as well as tube magazine feeders
avoid wave solder processes if there are only a few leadedto accommodate high-speed assembly systems (tray carri-
components on the board. ers are most often adapted for fine-pitch components).
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Each surface mount device is aligned using the body cen-be in place to determine when the flux activity has deterio-
ter and a starting orientation for reference. “0” degree is rated and when the old flux must be replaced and the new
the basic orientation of the device. flux added.

Rotational data must be specified from the “0” position in  Speed is the time sequence and duration of all of the steps
a counter-clockwise direction (typically 90°- 180 - 270). in soldering. By controlling the speed, more uniform and
The “0” starting position of the component is significant.  better joints result. In controlling the conveyer speed, pre-
Tape and reel and JEDEC tray packaged devices forheating a packaging and interconnecting assembly in two
example, have an established standard for orientation. or three stages minimizes the thermal shock damage to the

The tape-and-reel packaged devices have a predetermine@SSembly and improves its service life. Uniform preheating
orientation that is related to the perforated pattern on one S achieved by developing a solder schedule that specifies

edge of the embossed tape carrier. The standard orientatiofPr€heat settings and conveyer speed for each type of board.
does vary, however, between unique device families. The solder wave is an important variable. Wave geometry

Passive and active devices are supplied in a tape and reels especially important for preventing icicles and bridges
format, held and protected within an embossed pocket. and for the proper soldering of surface mounted compo-
Each device family or package type has a standard orienta-nents. Wave geometries include uni-directional and

tion in relation to the perforated indexing pattern at the bi-directional; single and double; rough, smooth and dead
tape edge. zone; oil intermix, dry, and bubbled, and with or without a

hot air knife. Special solder waves just for surface mounted

Orientation as well as polarity of a device must be defined .
components are also available.

in the CAD database if the output transferred to assembly
systems is to be reliable. Resistors and capacitor devicesThe concern generally expressed in wave soldering of sur-
are common in orientation and have no defined polarity. As face mount devices is damage to the components when
the designer develops the component database, numberthey go through the soldering wave at 260 °C [500 °F]. The
are typically assigned to each end of the device to accom-maximum shift in tolerance of resistors and capacitors is
modate circuit routing and maintain orientation of value generally found to be 0.2%. This is a negligible amount
marking or polarity. Tantalum capacitors, diodes, ICs and considering the part tolerance of commonly used compo-
other polarized components, for example, have unique ori- nents is 5% to 20%. The components generally spend about
entation in relation to tape feed systems. Consider the rela-three seconds in the wave but they are designed to with-
tionship of the device orientation within the tape cavity to stand soldering temperatures of 260 °C [500 °F] for up to
perforation at the tape carrier material edge. ten seconds.

7.4 Soldering Processes Like the selection of auto- In wave soldering, outgassing and solder skips are two
mated placement machines, the soldering process selectiomther main concerns. The outgassing or gas evolution
depends upon the type of components to be soldered anddccurs on the trailing terminations of chip resistors and
whether or not they will be used in combination with capacitors. It is believed to be caused by insufficient drying
leaded parts. For example, if all components are surfaceof flux and can be corrected by raising the packaging and
mount types, reflow method (vapor phase, hot air convec- interconnecting assembly preheat temperature or time. The
tion or infrared) may be desirable. However, for through- other concern, solder skips, is caused by the shadow effect
hole and surface mount combinations, in mixed technology, of the part body on the trailing terminations. Orienting the
a combination of wave soldering and reflow soldering may part in such a way that both terminations are soldered
be used. No process is best for all soldering tasks. In addi-simultaneously solves most shadow effect problems. Some
tion, the number of soldering processes discussed in themanufacturers use an extra land to serve as a “solder
following text are by no means complete. thief” for active components.

7.4.1 Wave Soldering Wave soldering is an economical The most common method for solving both outgassing and
method of soldering mass terminations. There are five to shadow effect is by switching to the dual wave system

six main process variables that must be controlled in the where the first wave is turbulent and the second wave is
wave soldering process: fluxing, preheat, conveyor speed,laminar. The turbulent wave serves to provide an adequate
conveyor incline, solder temperature, and possibly cooling amount of solder across the surface of the packaging and
rate. interconnecting structure in order to help eliminate outgas-

In preheat, allowance in the conveyer system must be made>"Y and solder skips. The laminar wave is used to help

for the thermal expansion of the board during preheating eliminate icicles and bridging.

and soldering to prevent board warpage. 7.4.2 Vapor Phase (VP) Soldering Vapor phase solder-

In fluxing, flux density, activity and flux foam/flux spray/ ing, also known as condensation soldering, uses the latent
flux wave height must be closely monitored. A system must heat of vaporization of an inert liquid for soldering. The
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latent heat is released as the vapor condenses on the part tthem and, as with in-line reflow soldering, lends itself well
be soldered. The soldering temperature is constant and isto automation. It is faster than hand soldering but not as
controlled by the type of fluid. fast as wave, vapor, IR soldering or hot air convection.
Heat-sensitive components that may be damaged in reflow
(processes can be soldered by laser. Process problems
include thermal damage to surrounding areas and solder
balls.

Unlike wave, IR, convection and laser soldering, vapor
phase soldering does not require control of the heat inpu
to the solder joints or to the board. It heats independently
of the part geometry, heats uniformly, and does not exceed

the fluid pOi'i”g temperature. This pr.ocess_ is _also SUitap'e 7.4.6 Conduction Reflow Soldering Conduction reflow
for soldering odd-shaped parts, flexible circuits, and pins affects soldering through the transference of heat from

and connectors, as well as for reflow of tin-lead electro- beneath the PCB. This can have advantages with high mass

plate and surface mount packages. Since heating is by Con'components, temperature sensitive components and metal

densation, the rate of temperature rise depends OP the MaSHacked assemblies. In comparison with other solder pro-
of the part. Therefore, the leads on the package in contactcesses, the slightly slower heating and cooling ramp times

with the packaging and interconnecting structure heat up ., ,seq by heat spreading through the PCB substrates can
faster than the component body. This may lead to wicking ,o\ide a reduction of thermal shock and improved resis-

of the solder up the lead. Before exposing the loaded e against rapid cooling issues such as tombstoning.
assembly to VP reflow process, preheating the assembly iSty,,gh in-line conduction reflow ovens are available, the

highly recommended to avoid thermal shock to COmMPO- gt common use of conductive reflow is in “hot plate”
nents and the PCB. rework systems.

7.4.3 IR Reflow Soldering For more detail regarding reflow soldering refer to IPC-
In infrared (IR) reflow soldering, the radiant or convective 7530.

energy is used to heat the assembly. There are basically two

types of IR reflow methods, either focused (radiant) or 7.5 Cleaning Flux requiring solvent cleaning—synthetic
nonfocused (convective). The latter is proving more desir- Of rosin-based fluxes are generally known as synthetic acti-
able for SMT. The focused IR radiates heat directly on the vated (SA), synthetic mildly activated (SMA), rosin acti-
parts and may unevenly heat assemblies. The heat input orvated (RA) or rosin mildly activated (RMA). Stabilized
the part may also be color-dependent. In nonfocused orhalogenated hydrocarbon/alcohol azeotropes are the pre-
diffused IR, the heating medium can be air or an inert gas ferred solvents for removal of synthetic and rosin-based
or simply the convection energy. A gradual heating of the flux residues.

assembly is necessary to drive off volatiles from the solder
paste. After an appropriate time in preheat, the assembly is
raised to the reflow temperature for soldering and then
cooled.

7.6 Repair/Rework The repair/rework of surface mount
assemblies requires special care in design and practice.
Because of the small land geometries, heat applied to the
board should be minimized. There are various tools avail-
7.4.4 Hot Air/Gas Convection Soldering The reflow able for removing components. Resistance heating twee-
process affects soldering by transporting the boards throughzers are usually used for removing surface mounted com-
a stream of heated gas (e.g., air, nitrogen). Heat is trans-ponents. Various types of hot air/gas and IR systems are
ferred to the components and board by conduction from the also used for removing surface mounted components. One
gas. Because the boards do not receive significant directof the main issues when using hot air/gas devices is pre-
radiation from the heating source, convection soldering venting damage to adjacent components. Refer to IPC-
avoids the shadowing problems that can occur with infra- 7711/21. There are four basic requirements for a successful
red soldering machines, especially short wavelength (lamp) rework; good printed board design layout, selection of the
versions. This enables more uniform heating and a higher correct rework equipment or tools, sufficient manual skill,
component density on the board compared to other massand adequate training.

refloyv soldering methodz. The gis tempetr)aturr]e ContrOISl’)ItheSuccessful removal of large multi-leaded integrated circuit
maximum temperature that can be seen by the assembly. packages involves the use of hot gas or heated electrode

Use of a nitrogen atmosphere permits better thermal cou-tools. Sufficient clearance around the package to permit the
pling between the circulating gas and the component termi- re-work is essential. Clearance should be provided com-
nations. In addition to improved wetting, the process win- pletely around the device as identified in the standards as
dow for double-sided reflow is enlarged, and lower the “courtyard manufacturing zone.”

activated solder paste flux can be used. )
7.6.1 Heatsink Effects Large ground planes or heatsinks

7.4.5 Laser Reflow Soldering Laser soldering comple- will conduct heat away from the component being
ments other mass soldering processes rather than replacingeworked if present in a printed board substrate. Extra heat,
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perhaps for longer periods, is then required which, in turn,

can lead to damage to components or the board. The fact
that the solder joints may not reach reflow temperature is
no guarantee that the component or the board have not
been overheated. Heatsinking effects is a design problem
which must be tackled at the printed board layout stage.
Whenever possible, any component termination which may
not rework, including leaded-through hole type, should be

thermally isolated from any ground plane or integral heat-

sink by a short length of copper conductor. Embossed Carrier Tape

7.6.2 Dependence on Printed Board Material Type To Sprocket Hole
ensure minimum damage to the printed board during (O O O Q/ 0O Embossed

rework, base laminate should be a good quality resin and ( Carrier Tape
reinforcement type from a high copper peel strength mate- ) D D IDI IDI D\/
|

rial. High packing density is required. The use of inferior
laminates can easily lead to problems with lands peeling Component Cavity
away during rework. This may result in either scrapping of
complete assemblies or expensive repair of damaged cop-+igure 8-1 Packaging of Discrete Components
per area. For boards havmg_ high thermal mass such Snclude as a minimum four-minute exposures to solvent
mlddle_-core typ(_as or those_wnh_ large area ground planes’cleaning solutions at 40 °C [104 °F], plus a minimum of a
to avoid employing a tool with high heat input rate, the use

f 2 hot plate t ide back d heating i tial one-minute exposure to ultrasonic immersion at a fre-
ot a hot piate to provide background heating Is essential. guency of 40 kHz and a power of 100 watts per square

foot. Alkaline systems in use shall also not damage parts or
remove markings.

IPC-7351-8-01

7.6.3 Dependence on Copper Land and Conductor Lay-

out The space on a board is at a premium or single con-
ductors must be kept very short. Designers will often route End terminations should be solder coated with a tin/lead
a conductor between adjacent device land space at a pitctalloy or a lead free equivalent. The solder should contain
of the component device being placed. In such cases, con-between 58 to 68% tin. Solder may be applied to the ter-
ductors should be covered with a soldermask to minimize mination by hot dipping or by plating from solution. Plated
the risk of lifting conductors during rework operations. solder terminations should be subjected to a postplating

Routi duct betw lands at 1.0 itch and reflow operation to fuse the solder. The tin/lead finish
outing conductors between 1ands at LU mm Pich and g, 4 pe at least 0.0075 mm [0.0003 in] thick.

below increases the risk of damage to the conductors dur- o )

ing the rework operation. For more detail regarding devel- The termination shall be symmetrical, and shall not have

opment, planning and trouble shooting the steps involved NPdules, lumps, protrusions, etc., that compromise the sym-
in the process of producing surface mount assemblies, referMetry or dimensional tolerances of the part. The end termi-

to IPC-S-816. nation shall cover the ends of the components, and shall
extend out to the top and bottom of the component.
8 IPC-7352 DISCRETE COMPONENTS Solder finish applied over precious metal electrodes shall

Discrete components are generally purchased in 8 mm andhave a diffusion-barrier layer between the electrode metal-
12 mm wide tape and reel (see Figure 8-1). EIA-481 is the lization and the solder finish. The barrier layer should be
applicable specification for tape and reel. Consult your nickel or an equivalent diffusion barrier, and should be at
manufacturers guide for the packaging availability of your least 0.00125 mm [0.00005 in] thick.

component. For lead free finishes a combination of tin, silver and cop-

Parts susceptible to damage by electrostatic discharge shalP€r is the prevalent replacement for the tin/lead finish. Sol-
be supplied in a manner that prevents such damage. Tap@lerability testing should be applied per IPC-J-STD-002 to
peel strength shall be 40 grams + 30 grams. Peel from thedetermine attachment capability of the applicable compo-
top for the top cover of the tape. Reel materials used in the €Nt type.

construction of the reel shall be easily disposable metal, The following sections for each component family provide
chip board, styrene plastic or equivalent. Reels shall not information on basic component construction, termination
cause deterioration of the components or their solderability. materials, marking, carrier package format and resistance
Reels must be able to withstand high humidity conditions. to soldering.

Parts must be capable of withstanding cleaning processess.1 Chip Resistors (RESC) A variety of values exist for
currently used by board assembly manufacturers. This mayresistors. This section describes the most common types.
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8.1.1 Basic Construction The resistive material is
applied to a ceramic substrate and terminated symmetri-
cally at both ends with a “wrap around” metal U-shaped
band. The resistive material is face-up, thus trimming to

ends with a precious metal-glass formulation suspended in
an organic vehicle. Consecutive drying and firing elimi-
nates the organic components and affects a bond between
the ceramic dielectric and glass constituent in the termina-

close tolerances is possible. Since most equipment uses dion.

vacuum-type pickup head, it is important that the surface of
the resistor is made flat after trimming, otherwise vacuum
pickup might be difficult (see Figure 8-2).

Platinum-Silver
Wrap-Around

Resistor Termination

Glass
Passivation

Alumina Chip

Wire Bond Construction

IPC-7351-8-02

Figure 8-2 Chip Resistor Construction

8.1.2 Marking Resistors equal to or larger than 2012
[0805] are labeled. Resistors smaller than 1608 [0603] are
generally unlabeled.

8.1.3 Carrier Package Format Bulk rods, 8 mm tape/4
mm pitch is preferred for best handling. Tape and reel
specifications provide additional requirements.

8.1.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist

8.2.2 Marking Ceramic capacitors are typically
unmarked.

8.2.3 Carrier Package Format Bulk rods, 8 mm tape/4
mm pitch is preferred for best handling. Tape and reel
specifications provide additional requirements.

8.2.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F].

Caution should be exercised when using the 4564 [1825]
capacitor mounted on organic substrates due to CTE mis-
match if the assembly sees wide temperature swings in the
assembly process or end use. See IPC/JEDEC J-STD-020
for appropriate reflow cycles and profiles when using lead
free solders.

8.3 Inductors (INDC, INDM, INDP) A variety of values
exist for inductors. This section describes the most com-
mon types.

8.3.1 Basic Construction At the time of publication,
there was no industry standard document for leadless
inductors. The dimensions were taken from manufacturer’s
catalogs, but only when at least two component vendors
manufacture the same package. However, the same induc-
tor value may not be available in the same package from
the two manufacturers (see Figure 8-4).

of 60 seconds exposure at 215 °C [419 °F]. Parts must also8.3.2 Marking Parts are available with or without

be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

8.2 Chip Capacitors (CAPC) A variety of values exist for
capacitors. This section describes the most common types

8.2.1 Basic Construction Multilayer ceramic capacitors

use substrate materials such as alumina for hybrid circuits
and porcelainized metal. The monolithic construction used
in producing these chips results in a solid block of ceramic

marked inductance values.

8.3.3 Carrier Package Format Bulk rods, 8 mm tape/4
mm pitch is preferred for best handling. Tape and reel
specifications provide additional requirements.

8.3.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-

with an enclosed electrode system and metallized ends forfjjes when using lead free solders.

circuit attachment. This solid block is rugged and capable

of withstanding the harsh environment and treatment asso-
ciated with manufacturing processes (see Figure 8-3). Elec-

trodes are given a common terminal by coating the chip

8.4 Tantalum Capacitors (CAPT) A variety of values
exist for tantalum capacitors. This section describes the
most common types.
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1. Termination 8. End Margin

2. Dielectric 9. Base Layer

3. Electrode 10. Shim (Active Dielectric Layer)
4. Chip Length 11. Side Margin

5."A" Electrode Print 12. Chip Thickness

6. Electrode Print 13. Chip Width

7. Cap (Topping Layer)  14. Termination Width
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Figure 8-3 Chip Capacitor Construction

Chip Precision Wire—Wound Molded

|
)

Ferrite

External
Electrode

I> (I
Wi

IPC-7351-8-04

Figure 8-4 Inductor Construction

8.4.1 Basic Construction See Figure 8-5.

8.4.2 Marking Parts are available with or without
marked capacitance values.

8.4.3 Carrier Package Format Bulk rods, 8 mm tape/4
mm pitch is preferred for best handling. Tape and reel
specifications provide additional requirements.

8.4.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must als
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

IPC-7351-8-05

Figure 8-5 Tantalum Capacitor Construction
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8.5 Metal Electrode Face Diodes (DIOMELF, RES-
MELF) Resistors, ceramic capacitors, and tantalum
capacitors may all be packaged in these tubular shapes.

8.5.1 Basic Construction See Figures 8-6 and 8-7.

IPC-7351-8-06

Figure 8-6 Metal Electrode Face Component
Construction
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Figure 8-7 Break-Away Diagram of MELF Components
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8.5.2 Marking Parts are available with or without
marked values.

8.5.3 Carrier Package Format Bulk rods, 8 mm tape/4
mm pitch is preferred for best handling. Tape and reel
specifications provide additional requirements.

8.5.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-

encapsulated three terminal devices with leads formed out
from the body were surface mounted to overcome some of
the problems and difficulties in handling dip transistors. In
general, SOT packages are used with diodes, transistors,
and small I/O devices. The SOT 23 package is the most
common three-lead surface mount configuration.

8.6.1 Basic Construction The SOT 23 package has had
several redesigns to meet the needs of both hybrid and
printed board surface mount industries. These changes
resulted in low, medium and high profile characteristics
which basically reflect the clearance that the body is from
the mounting surface. See Figure 8-8 for construction char-
acteristics.

Passivated
Semiconductor Chip

Epoxy Body
Collector Lead
Bonding Wire

Emitter
Lead

Base

Lead
IPC-7351-8-08

Figure 8-8 SOT 23 Construction

8.6.2 Marking Parts are available with or without
marked values.

8.6.3 Carrier Package Format Carrier package format
shall be according to the following: body type TO-236,
8 mm tape/4 mm pitch.

8.6.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

tem operating at 215 °C [419 °F]. Each cycle shall consist 8:7 SOT89 These parts are for high power transistors and
of 60 seconds exposure at 215 °C [419 °F]. Parts must alsodiodes. These parts are used where heat transfer to a sup-

be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

8.6 SOT23 One of the first active devices in packaged
form for surface mounting was the SOT device. Plastic

porting structure is important. IPC-7352 SOT89 component
outlines are derived from outline TO-243 Issue “C” within
JEDEC Publication 95.

8.7.1 Basic Construction See Figure 8-9. The SOT 89
package dimensions are designed to meet the needs of both
the hybrid and printed board surface mount industries. In
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order to provide an adequate heat transfer path, there is n®8.8.3 Carrier Package Format Carrier package formats

clearance between the body of the component and the
packaging and interconnect structure. This design may
accommodate the reflow or wave soldering processes.

IPC-7351-8-09

Figure 8-9 SOT 89 Construction

8.7.2 Marking Parts are available with or without
marked values.

8.7.3 Carrier Package Format Carrier package format
shall be according to the following: body type TO-243,
12 mm tape/8 mm pitch.

8.7.4 Resistance to Soldering Parts should be capable

are tape and reel; 12 mm tape/8 mm pitch.

8.8.4 Resistance to Soldering Parts should be capable
of withstanding 10 cycles through a standard reflow system
operating at 215 °C [419 °F]. Each cycle shall consist of 60
seconds exposure at 215 °C [419 °F]. Parts must also be
capable of withstanding a minimum of 10 seconds immer-
sion in molten solder at 260 °C [500 °F]. See IPC/JEDEC
J-STD-020 for appropriate reflow cycles and profiles when
using lead free solders.

8.9 SOT143 These parts are for dual diodes and Darling-
ton transistors. IPC-7352 SOT143 component outlines are
derived from outline TO-253 “Issue C” within JEDEC
Publication 95.

8.9.1 Basic Construction The dimensional characteris-
tics are designed to meet the needs of the surface mount
industry. The clearance between the body of the component
and the packaging and interconnect structure is specified at
0.05 mm to 0.13 mm [0.002 in to 0.005 in] to accommo-
date reflow or wave soldering processes (see Figure 8-11).

of withstanding ten cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist

of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds

immersion in molten solder at 260 °C [500 °F]. See IPC/

JEDEC J-STD-020 for appropriate reflow cycles and pro-

files when using lead free solders.

8.8 sOD123 IPC-7352 SOD123 component outlines are
derived from outline DO-214 “Issue B” within JEDEC
Publication 95.

8.8.1 Basic Construction The small outline diode comes
in two configurations. One is a gullwing-leaded (SOD123)
configuration as shown in Figure 8-10. The other is a
molded configuration with terminations (DIOSMB).

IPC-7351-8-10

Figure 8-10 SOD 123 Construction

8.8.2 Marking Parts are available with or without
marked values.

IPC-7351-8-11

Figure 8-11 SOT143 Construction

8.9.2 Marking Parts are available with or without
marked values.

8.9.3 Carrier Package Format Carrier package format
shall be according to the following: body type TO-253,
8 mm tape/4 mm pitch.

8.9.4 Resistance to Soldering Parts should be capable
of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

8.10 SOT223 These parts are for dual diodes and Dar-
lington transistors. IPC-7352 SOT223 component outlines
are derived from outline TO-261 “Issue C” within JEDEC
Publication 95.
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8.10.1 Basic Construction The dimensional characteris- 8.11.3 Carrier Package Format Carrier package format
tics are designed to meet the needs of the surface mounshall be according to the following: body type TO-252,
industry. The clearance between the body of the componentl2 mm tape/8 mm pitch.

and the packaging and interconnect structure is specified at

0.06 mm [0.00236 in] (basic) to accommodate reflow or g.11.4 Resistance to Soldering Parts should be capable
wave soldering processes (see Figure 8-12). of withstanding five cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

8.12 Molded Body Diode (DIOSMB)

9 IPC-7353 GULLWING LEADED COMPONENTS, TWO
IPC-7351-8-12 SIDES

Figure 8-12 SOT 223 Construction The two-sided gullwing family has a number of generic

package sizes in the family. The body sizes are varied, but
the basic family is characterized by 1.27 mm or 0.63 mm
lead centers with leads on the long side of a rectangular
body. The family has been expanded to include a limited
number of 0.80 mm, 0.65 mm, 0. 50 mm, 0.40 mm, and
0.30 mm pitch devices.

8.10.2 Marking Parts are available with or without
marked values.

8.10.3 Carrier Package Format Carrier package format
shall be according to the following: body type TO-261,
12 mm tape/8 mm pitch.

Within the component families, body width and lead span

8.10.4 Resistance to Soldering Parts should be capable are constant, while body length changes as the lead count
of withstanding five cycles through a standard reflow sys- changes.

tem operating at 215 °C [419 °F]. Each cycle shall consist ) . i i
A major advantage of this package style is that it can be

of 60 seconds exposure at 215 °C [419 °F]. Parts must also ‘ - X ]
be capable of withstanding a minimum of 10 seconds pretested prior to substrate assembly while still offering
immersion in molten solder at 260 °C [500 °F]. See IPC/ relatively high density. Its small area, low height, and mini-

JEDEC J-STD-020 for appropriate reflow cycles and pro- mal weight are its major advantages over DIPs. The pack-
files when using lead free solders. age has orientation features on the edge of the package to

aid in handling and identification.

8.11 TO252 (DPAK Type) These parts are for dual diodes  copjanarity is an issue for all components with gullwings

and Darlington transistors. IPC-7352 TO252 component o two sides. In general, the leads must be coplanar within
outlines are derived from outline TO-252 “Issue B" within 5 1 mm. That is. when the component is placed on a flat

JEDEC Publication 95. surface, (e.g., a granite block), no lead may be more than

. 0.1 mm off the flat surface.
8.11.1 Basic Construction See Figure 8-13.

Note: Some members of the SOIC family are processed on

the secondary side and wave soldered. When parts are pro-
cessed by wave solder, correct part orientation must be

observed. Consult your manufacturer before placing SOICs

on the wave solder side of the board.

High lead count packages and fine pitch parts, 0.63 mm or
less, should be processed by infrared reflow, conduction
reflow, or hot bar soldering, and should not be wave sol-
dered.

IPC-7351-8-13 End terminations should be solder coated with a tin/lead
alloy or a lead free equivalent. The solder should contain
between 58 to 68% tin. Solder may be applied to the ter-
8.11.2 Marking Parts are available with or without mination by hot dipping or by plating from solution. Plated

marked values. solder terminations should be subjected to a postplating

Figure 8-13 T0O252 (DPAK Type) Construction
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reflow operation to fuse the solder. The tin/lead finish be capable of withstanding a minimum of 10 seconds
should be at least 0.0075 mm [0.0003 in] thick. immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-

The termination shall be symmetrical, and shall not have . )
files when using lead free solders.

nodules lumps, protrusions, etc., that compromise the sym-
metry or dimensional tolerances of the part. The end termi-

nation shall cover the ends of the components, and shall_g'2 SOPS/SQ%‘?’ (ssolc) These shri_nk small outline
extend out to the top and bottom of the component. integrated circuits (SSOIC) are on either 0.635 mm or
0.80 mm pitch, and are available in 7.59 mm wide body

Solder finish applied over precious metal electrodes shall and 12.10 mm extra wide body sizes, ranging from 48 to
have a diffusion-barrier layer between the electrode metal- 64 pins. IPC-7353 SOP8/SOP63 component outlines are
lization and the solder finish. The barrier layer should be derived from outlines MO-117 Issue “A’ and MO-118
nickel or an equivalent diffusion barrier, and should be at |ssye “A” within JEDEC Publication 95.

least 0.00125 mm [0.00005 in] thick.

For lead free finishes a combination of tin, silver and cop- 9-2-1 Basic Construction Basic construction consists of
per is the prevalent replacement for the tin/lead finish. Sol- & Plastic body and metallic leads (see Figure 9-2).
derability testing should be applied per IPC-J-STD-002 to
determine attachment capability of the applicable compo-
nent type.

9.1 soIC These small outline integrated circuits (SOIC)

are all on 1.27 mm pitch, and are available in 4.0 mm nar-
row body, 7.50 mm or 7.60 mm wide body and 9.02 mm
extra wide body sizes, ranging from 8 to 36 pins. IPC-7353
SOIC component outlines are derived from outlines
MS-012, MS-013, MO-110 and MO-120 within JEDEC

Publication 95.

9.1.1 Basic Construction Basic construction consists of
a plastic body and metallic leads (see Figure 9-1).

IPC-7351-9-02

Figure 9-2 SOP8/SOP63 Construction

9.2.2 Marking All parts shall be marked with a part
number and “Pin 1” location. “Pin 1" location may be
molded into the plastic body.

9.2.3 Carrier Package Format Carrier packaging format
may be provided in a tray carrier, but tape and reel carriers
are preferred for best handling and high volume applica-
tions. Bulk packaging is not preferred because of lead
Figure 9-1 SOIC Construction coplanarity required for placement and soldering.

IPC-7351-9-01

9.1.2 Marking All parts shall be marked with a part
number and “Pin 1” location. “Pin 1” location may be 9.2.4 Resistance to Soldering Parts should be capable
molded into the plastic body. of withstanding ten cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
9.1.3 Carrier Package Format Carrier packaging format  of 60 seconds exposure at 215 °C [419 °F]. Parts must also
may be provided in a tray carrier, but tape and reel carriers be capable of withstanding a minimum of 10 seconds
are preferred for best handling and high volume applica- immersion in molten solder at 260 °C [500 °F]. See IPC/
tions. Bulk packaging is not preferred because of lead JEDEC J-STD-020 for appropriate reflow cycles and pro-
coplanarity required for placement and soldering. files when using lead free solders.

9.1.4 Resistance to Soldering Parts should be capable 9.3 sopP127 (SOP-IPC-782) IPC-7351 has defined
of withstanding ten cycles through a standard reflow sys- center-to-center spacing for these land patterns slightly dif-
tem operating at 215 °C [419 °F]. Each cycle shall consist ferently than is indicated in the EIAJ specification EIAJ-
of 60 seconds exposure at 215 °C [419 °F]. Parts must also7402-1.
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This standard allows for 6 families of the SOP127. EIAJ
classifies the families by the center-to-center distance of
the land patterns and the outer extremities of the leads
(dimension “L” in IPC-7351). The basic construction of
the SOP127 specified by EIAJ is the same construction as
for SOIC specified by JEDEC. Both have gullwing leads
on 1.27 mm centers. The EIAJ specification allows for a
number of positions of the components to be in any of the
families (e.g., body width) (see Figure 9-3).

IPC-7351-9-04

Figure 9-4 TSSOP Construction

9.4.2 Carrier Packages Format Trays are usually used
for handling TSSOPs.

9.4.3 Resistance to Soldering Parts should be capable
IPC-7351-9-03 of withstanding ten cycles through a standard reflow sys-
Figure 9-3 SOP127 Construction tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
9.3.1 Marking Parts are available with or without part pe capable of withstanding a minimum of 10 seconds
number markings. Usually an index mark indicates pin 1. immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
9.3.2 Carrier Package Format Carrier packaging format files when using lead free solders.
may be provided in a tray carrier, but tape and reel carriers
are preferred for best handling and high volume applica- 9.5 CFP127 See Figure 9-5 for an example of a ceramic
tions. Bulk packaging is not preferred because of lead flat pack (CFP127). Basic construction consists of a
coplanarity required for placement and soldering. ceramic body and metallic leads. Leads are trimmed and
formed into gullwing shape and all are on 1.27 mm centers.
9.3.3 Resistance to Soldering Parts should be capable IPC-7353 CFP127 component outlines are derived from
of withstanding ten cycles through a standard reflow sys- outlines MO-003, MO-004, MO-018, MO-019, MO-020,
tem operating at 215 °C [419 °F]. Each cycle shall consist MO-021, MO-022 and MO-023 within JEDEC Publication

of 60 seconds exposure at 215 °C [419 °F]. Parts must also95-
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

9.4 TSSOPS The thin shrink small outline package
(TSSOP) is unique among the component families of this
section because its leads protrude from the short side of the
plastic body. The TSSOP components are available in four
different pitches: 0.30 mm, 0.40 mm, 0.50 mm, and
0.65 mm. They are typically specified by their two largest
dimensions-the plastic body size (in the short dimension),
and the nominal toe-to-toe length (in the long dimension).

IPC-7351-9-05

Their use has grown because their height (less thanl _
1.27 mm) allows them to be used in memory card technol- Figure 9-5 CFP127 Construction
ogy. IPC-7351 outlines sixteen different body sizes with g 5 4 Marking All parts shall be marked with a part

pin counts ranging from 16-76 pins. In general, as the long nymper and an index area. The index area shall identify the
dimension increases, the pitch decreases (see Figure 9-4yqacation of pin 1.

9.4.1 Marking Parts are available with or without part 9.5.2 Carrier Packages Format Carrier trays are used
number markings. Usually an index mark indicates pin 1. for handling CFPs.

51



IPC-7351

February 2005

9.5.3 Resistance to Soldering Parts should be capable
of withstanding ten cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. Parts must also
be capable of withstanding a minimum of 10 seconds
immersion in molten solder at 260 °C [500 °F]. See IPC/
JEDEC J-STD-020 for appropriate reflow cycles and pro-
files when using lead free solders.

10 IPC-7354 J-LEADED COMPONENTS, TWO SIDES

The two-sided J lead family is a small outline family iden-
tified by the dimension of the body size in inches. For
example, the SOJ/300 has a body size of 0.300 inches o
7.63 mm, the SOJ/350 has a body size of 0.350 inches or|

IPC-7351-10-01

8.88 mm, the SOJ/400 has a body size of 0.400 inches o
10.12 mm, and the SOJ/450 has a body size of 0.450

Figure 10-1 SOJ Construction

inches or 11.38 mm. Package lead counts range from 14 toThe SOJ package takes advantage of chips having parallel
28 pins. IPC-7354 SOJ component outlines are derived address or data line layouts. For example, memory IC’s are
from outlines MO-061, MO-063, MO-065, MO-077, often used in multiples, and buss lines connect to the same
MO-088, MS-027, and MS-091 within JEDEC Publication pin on each chip. Memory chips in SOJ packages can be

95.

End terminations should be solder coated with a tin/lead
alloy or a lead free equivalent. The solder should contain
between 58 to 68% tin. Solder may be applied to the ter-
mination by hot dipping or by plating from solution. Plated
solder terminations should be subjected to a postplating
reflow operation to fuse the solder. The tin/lead finish
should be at least 0.0075 mm [0.0003 in] thick.

The termination shall be symmetrical, and shall not have
nodules lumps, protrusions, etc., that compromise the sym-
metry or dimensional tolerances of the part. The end termi-

placed close to one another because of the parallel pin lay-
out and the use of “J” leads. With high capacity memory
systems, the space savings can be significant.

10.2 Marking The SOJ family of parts is generally
marked with manufacturers’ part numbers, manufacturers’
name or symbol, and a pin 1 indicator. Some parts may
have a pin 1 feature in the case shape instead of pin 1
marking. Additional markings may include date code/
manufacturing lot and/or manufacturing location.

10.3 Carrier Package Format Components may be pro-

nation shall cover the ends of the components, and shallvided in tube or tape packaging. Tape is preferred for best

extend out to the top and bottom of the component.

Solder finish applied over precious metal electrodes shall
have a diffusion-barrier layer between the electrode metal-
lization and the solder finish. The barrier layer should be
nickel or an equivalent diffusion barrier, and should be at
least 0.00125 mm [0.00005 in] thick.

handling and high volume applications. Bulk packaging is
not acceptable because of lead coplanarity requirements
required for placement and soldering. EIA-481 provides
details on tape requirements.

10.4 Process Considerations J lead packages are nor-
mally processed using standard solder reflow processes.

For lead free finishes a combination of tin, silver and cop- Parts should be capable of withstanding 10 cycles through
per is the prevalent replacement for the tin/lead finish. Sol- a standard reflow system operating at 215°C [419 °F]. Each
derability testing should be applied per IPC-J-STD-002 to cycle shall consist of 60 seconds exposure at 215°C
determine attachment capability of the applicable compo- [419 °F]. See IPC/JEDEC J-STD-020 for appropriate

nent type.

10.1 Basic Construction See Figure 10-1. The small-
outline “J” (SOJ) package has metallic “J” leads on two
sides, similar to a DIP. The lead configuration, like the let-
ter J, extends out the side of the plastic body package an
bends under the package formia J bend. The point of
contact of the lead to the land pattern is at the apex of the
J bend and is the basis for the span of the land pattern.

The leads must be coplanar within 0.1 mm. That is, when
the component is placed on a flat surface, no lead may be
more than 0.1 mm off the flat surface.

dWing leads on four sides of a square or rectangular pack-

reflow cycles and profiles when using lead free solders.

11 IPC-7355 GULL-WING LEADED COMPONENTS,
FOUR SIDES

The four-sided gull-wing family is characterized by gull

age. The family includes both molded plastic and ceramic

case styles. The acronyms PQFP (Plastic Quad Flat Pack),
BQFP (Bump Quad Flat Pack), SQFP (Shrink Quad Flat

Pack), QFPR (Quad Flat Pack, Rectangular) and CQFP
(Ceramic Quad Flat Pack) are also used to describe the
family.
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There are several lead pitches within the family from

1.27 mm down to 0.30 mm. High lead-count packages are
available in this family that accommodate complex, high

lead-count chips.

The four sided gull-wing families of parts are generally
marked with manufacturer part numbers, manufacturer
name or symbol, and a pin 1 indicator. Some parts may
have a pin 1 feature in the case shape instead of pin 1
marking. Additional markings may include date code/
manufacturing lot and/or manufacturing location.

End terminations should be solder coated with a tin/lead
alloy or a lead free equivalent. The solder should contain
between 58 to 68% tin. Solder may be applied to the ter-
mination by hot dipping or by plating from solution. Plated
solder terminations should be subjected to a postplating
reflow operation to fuse the solder. The tin/lead finish
should be at least 0.0075 mm [0.0003 in] thick.

The termination shall be symmetrical, and shall not have
nodules lumps, protrusions, etc., that compromise the sym-
metry or dimensional tolerances of the part. The end termi-
nation shall cover the ends of the components, and shal
extend out to the top and bottom of the component.

Solder finish applied over precious metal electrodes shall
have a diffusion-barrier layer between the electrode metal-
lization and the solder finish. The barrier layer should be
nickel or an equivalent diffusion barrier, and should be at
least 0.00125 mm [0.00005 in] thick.

For lead free finishes a combination of tin, silver and cop-
per is the prevalent replacement for the tin/lead finish. Sol-
derability testing should be applied per IPC-J-STD-002 to
determine attachment capability of the applicable compo-
nent type.

Four-sided gull-wing families are usually processed using
standard solder reflow processes. Parts should be capabl
of withstanding ten cycles through a standard reflow sys-
tem operating at 215 °C [419 °F]. Each cycle shall consist
of 60 seconds exposure at 215 °C [419 °F]. High lead-
count fine pitch parts may require special processing out-
side the normal pick/place and reflow manufacturing opera-
tions. See IPC/JEDEC J-STD-020 for appropriate reflow
cycles and profiles when using lead free solders.

All parts shall be marked with a part number and an index
area. The index area shall identify the location of pin 1.

Note: Four sided gull-wing packages are normally pro-
cessed by solder reflow operations. High lead-count fine
pitch parts may require special processing outside the nor-
mal pick/place and reflow manufacturing operations.

11.1 BQFP (PQFP) See Figure 11-1. BQFPs have leads
on a 0.635 mm pitch. IPC-7355 BQFP component outlines
are derived from outlines MO-069 and MO-086 within
JEDEC Publication 95.

IPC-7351-11-01

Figure 11-1 BQFP Construction

11.1.1 Carrier Package Format The carrier package for-
mat for BQFPs is the tube format; however, packaging
trays provide the best handling capability.

11.2 SQFP/QFP The shrink quad flat pack (SQFP) has

been developed for applications requiring low height and
high density. The SQFP, along with the TSOP components,
are frequently used in memory card applications. The
square SQFP/QFP family has leads on a 0.80 mm,
0.65 mm, 0.63 mm, 0.50 mm, 0.40 mm, or 0.30 mm pitch.
IPC-7355 SQFP/QFP component outlines are derived from
outline MO-108 within JEDEC Publication 95.

Two different pin counts are allowed for each package and
the component will still meet the standard (e.g., a 5x5
package with a 0.3 mm pitch can have either 56 or 48 pins,
and still meet EIAJ-7404-1). QFPs are also square and
gome in larger pitches (see Figure 11-2).

IPC-7351-11-02

Figure 11-2 SQFP and QFP Construction

11.2.1 Carrier Package Format The carrier package for-

Separate pick/place, excise, and reflow processes are somanat for flatpacks may be tube format; but, in most

times used as an alternate to normal SMT processes.

instances, flatpacks are delivered in a carrier tray.
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11.3 QFPR The quad flat pack, rectangular (QFPR) has ing. Aside from the MS-044 exception, IPC-7355 CQFP
been developed for applications requiring low height and component outlines are derived from outlines MO-084,
high density. The QFPR, along with the TSOP components, MO-104 and MO-114 within JEDEC Publication 95.

are frequently used in memory card applications. The
QFPR family has leads on a 0.80 mm, 0.60 mm, 0.50 mm,
0.40 mm, or 0.30 mm pitch. IPC-7355 QFPR component
outlines are derived from outline MO-108 within JEDEC
Publication 95 (see Figure 11-3). Two different pin counts
are allowed for each package and the component will stil
meet the standard (e.g., a 5x5 package with a 0.3 mm pitch
can have either 56 or 48 pins, and still meet EIAJ-7404-1).

Preleaded ceramic chip carriers typically have copper alloy
or Kovar leads that are attached by the manufacturer. Leads
are typically bonded to metallization on the top surface of
the chip carrier. However, leads can be attached to the
| package castellations as well. Brazing or thermo-
compression bonding is usually the attachment means. Pre-
leaded packages using lead-frame construction are also
available. These chip carriers have ceramic bodies with two
opposing halves which mate above and below a lead frame
to which the chip has been previously bonded. The seal is
preformed with glass frit.

Leads can be formed to different shapes, such as “J,” “L,”
or “C” configurations. Leads bent in the “L” configuration
are known as “gullwings.”

Preleaded chip carriers may be supplied with leads straight
and attached to a common strip. The user must detach the
common strip and form the leads to the desired configura-
tion. This is done to minimize lead bending during ship-
ping and handling. Leads may be supplied pretinned or
with gold plating, as is often done for packages intended
Figure 11-3 QFPR Construction for a high reliability user.

IPC-7351-11-03

11.3.1 Carrier Package Format The carrier package for- 11 41 carrier Package Format Tube carriers are pre-
mat for flat packs may be tube format; but, in most ferreq for best handling.

instances, flat packs are delivered in a carrier tray.
12 IPC-7356 J LEADED COMPONENTS, FOUR SIDES

11.4 CQFP See Figure 11-4 for ceramic quad flat pack ided q so K ded
(CQFP) construction. Leaded ceramic chip carriers are Four-sided J-Lead components, also known as Leade
Chip Carriers, are either ceramic or plastic packages with

typically supplied with an open cavity for chip placement.
ypica'y supp P y P terminations which extend beyond the package outlines.

Ceramic or metal lids are soldered, epoxied, or attached D .

with glass frit around the cavity to provide a hermetic seal. These term|nat|o_ns typ|ca_1lly space the body of the package
from the packaging and interconnect structure for reasons

of cleaning, inspecting, or accommodating differences in

thermal expansion. The leads may be attached to the pack-

age body either before or after chip attachment.

In plastic leaded chip carriers, the primary packaging dis-

tinction concerns the point in which a chip is incorporated

into the package. A premolded package is supplied as a
leaded body with an open cavity for chip attachment. A

postmolded body part typically has the chip attached to a
lead frame with an insulating plastic body molded around

the assembly. It is supplied from the manufacturer without

apertures.

N
< R

IPC-7351-11-04

Leaded ceramic chip carriers may be similarly classified,
but with a difference in category. The distinction concerns
An exception to this construction is the JEDEC standard the point at which leads, if desired, are attached to the
outline MS-044, which has the chip bonded to a lead ceramic body. A preleaded ceramic chip carrier is supplied
frame, which is then sealed between two ceramic bodieswith copper or Kovar leads brazed to metallization integral
with glass frit, similar to CERDIP fabrication. The ceramic with the ceramic package. Typically, the package is sup-
packages are available in 28- through 196-lead configura-plied with an open cavity for chip attach. A metal or

tions, with 1.27 mm, 0.80 mm, and 0.63 mm center spac- ceramic lid is epoxied, soldered, or attached with glass frit

Figure 11-4 CQFP Construction
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to provide a hermetic seal around the chip. After these straints include limited temperature range (typically 0 °C
steps, the leaded assembly is attached to the printed board32 °F] or 70 °C [158 °F]) and nominal environmental pro-
tection. As with plastic DIPs, they have the advantage of
low cost as compared to ceramic packages (see Figure
12-1).

A postleaded ceramic chip carrier typically has leads sol-
dered to metallization on the ceramic package after chip
attachment. These leads may take the form of edge clips or
solder columns. Incorporation of leads into the assembly
typically occurs immediately prior to board attachment.

High lead-end coplanarity in surface-mounted lead chip
carriers is an important factor in reliable solder attachment
to the printed board. Planarity may be measured from the
lowest three leads of a leaded package. Coplanarity of
0.1 mm [0.004 in] maximum is recommended with 0.05 ]
mm [0.002 in] preferred. -

IPC-7351-12-01

End terminations should be solder coated with a tin/lead
alloy or a lead free equivalent. The solder should contain Figure 12-1 PLCC Construction
between 58 to 68% tin. Solder may be applied to the ter-
mination by hot dipping or by plating from solution. Plated
solder terminations should be subjected to a postplating
reflow operation to fuse the solder. The tin/lead finish
should be at least 0.0075 mm [0.0003 in] thick.

12.1.1 Premolded Plastic Chip Carriers The premolded
plastic chip carrier was designed to be connected to the
P&l substrate by means of a socket. Spring pressure on
both sides of the package is intended to constrain move-
ment as well as allow for substrate warpage as high as
The termination shall be symmetrical, and shall not have 0.5%. Solder attach to the P&I substrate is also possible.
nodules lumps, protrusions, etc., that compromise the sym-The design is also intended to make use of silicone encap-
metry or dimensional tolerances of the part. The end termi- sulant technology for chip coverage and protection.

nation shall cover the ends of the components, and shall

extend out to the top and bottom of the component. 12.1.2 Postmolded Plastic Chip Carriers The post-

Solder finish applied over precious metal electrodes shall M0lded plastic leaded chip carrier is composed of a com-
have a diffusion-barrier layer between the electrode metal- posite metal/dielectric assembly that includes a conductor

lization and the solder finish. The barrier layer should be !82d frame and a molded insulating body. Compared to the

nickel or an equivalent diffusion barrier, and should be at Prémolded package which has an aperture for mounting
least 0.00125 mm [0.00005 in] thick. microelectronic components, the postmolded package

o o o comes complete with no apertures. In both types of plastic
For lead free finishes a combination of tin, silver and Cop- Ch|p CarrierS, all necessary p|at|ng Operations are per-

per is the prevalent replacement for the tin/lead finish. Sol- formed by the package manufacturer to eliminate tinning or
derability testing should be applied per IPC-J-STD-002 to pjating by the user.

determine attachment capability of the applicable compo-

nent type. The Joint Device Engineering Council (JEDEC) defines the

Type A Leaded Chip Carrier as a plastic package with leads
For marking, all parts shall be marked with a part number \wrapped down and around the body on all four sides. This
and “Pin 1" location. “Pin 1" location may be molded into  package can be either directly mounted to a printed wiring
the plastic body. board or used with a socket. It is available with 28, 44, 52,
68, 84, 100, or 124 leads. This family is based on 1.27 mm
lead pitch. The original mechanical outline drawing of this
package was defined based on a premolded package. How-

ever, actual construction is not specified and the package
Parts should be capable of withstanding ten cycles throughcould be of postmolded construction.

a standard reflow system operating at 215 °C [419 °F]. ) ) )

Each cycle shall consist of 60 seconds exposure at 215 ocPostmolded packages which have J-lead configurations and
[419 °F]. Parts must also be capable of withstanding a whose outlines are derived from outline MO-047 in JEDEC
minimum of 10 seconds immersion in molten solder at Publication are available in 20-, 28-, 44-, 52-, 68-, 84-,
260 °C [500 °F]. See IPC/JEDEC J-STD-020 for appropri- 100- and 124-lead counts with the same spacing.

ate reflow cycles and profiles when using lead free solders.
12.2 PLCCR Plastic leaded chip carriers, rectangular

12.1 PLCC Plastic leaded chip carriers (PLCC) are (PLCCR) are employed where a hermetic seal is not
employed where a hermetic seal is not required. Other con-required. Other constraints include limited temperature

A carrier package format consisting of bulk rods, 24 mm
tape/8-12 mm pitch is preferred for best handling. Tube
carriers are also used.
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range (typically 0 °C [32 °F] or 70 °C [158 °F]) and nomi- DIP leads to a short length and placing the device on a pat-
nal environmental protection. As with plastic DIPs, they tern of lands to be soldered along with the other surface
have the advantage of low cost as compared to ceramicmounted devices. Construction is usually made of plastic
packages (see Figure 12-2). or ceramics (see Figure 13-1).

-

IPC-7351-12-02

IPC-7351-13-01

Figure 12-2 PLCCR Construction

. . . Figure 13-1 DIP Construction
12.2.1 Premolded Plastic Chip Carriers The premolded

plastic chip carrier was designed to be connected to the13.1 Termination Materials End terminations should be

P&l substrate by means of a socket. Spring pressure onsolder coated with a tin/lead alloy or a lead free equivalent.
both sides of the package is intended to constrain move-The solder should contain between 58 to 68% tin. Solder
ment as well as allow for substrate warpage as high asmay be applied to the termination by hot dipping or by
0.5%. Solder attach to the P&I substrate is also possible. plating from solution. Plated solder terminations should be
The design is also intended to make use of silicone encap-subjected to a postplating reflow operation to fuse the sol-
sulant technology for chip coverage and protection. der. The tin/lead finish should be at least 0.0075 mm

[0.0003 in] thick.
12.2.2 Postmolded Plastic Chip Carriers The post-

molded plastic leaded chip carrier is composed of a com-
posite metal/dielectric assembly that includes a conductor
lead frame and a molded insulating body. Compared to the
premolded package which has an aperture for mounting
microelectronic components, the postmolded package
comes complete with no apertures. In both types of plastic Solder finish applied over precious metal electrodes shall
chip carriers, all necessary plating operations are per-have a diffusion-barrier layer between the electrode metal-
formed by the package manufacturer to eliminate tinning or Jization and the solder finish. The barrier layer should be
plating by the user. nickel or an equivalent diffusion barrier, and should be at

The Joint Electron Device Engineering Council (JEDEC) least 0.00125 mm [0.00005 in] thick.

defines the Type A Leaded Chip Carrier as a plastic pack- For lead free finishes a combination of tin, silver and cop-
age with leads wrapped down and around the body on all per is the prevalent replacement for the tin/lead finish. Sol-
four sides. This package can be either directly mounted to derability testing should be applied per IPC-J-STD-002 to

a printed wiring board or used with a socket. It is available determine attachment capability of the applicable compo-
with 28, 44, 52, 68, 84, 100, or 124 leads. This family is nent type.

based on 1.27 mm lead pitch. The original mechanical out-
line drawing of this package was defined based on a pre-13.2 Marking Parts shall be marked with the part num-
molded package. However, actual construction is not speci-ber and a date code. In addition, pin 1 shall be identified.

fied and the package could be of postmolded construction. ) )
13.3 Carrier Package Format Carrier format may be

Postmolded packages which have J-lead configurations andubes or as agreed to between user and vendor.
whose outlines are derived from outline MO-047 in JEDEC
Publication are available in 20-, 28-, 44-, 52-, 68-, 84-, 13.4 Resistance to Soldering The parts should be

The termination shall be symmetrical, and shall not have
nodules lumps, protrusions, etc., that compromise the sym-
metry or dimensional tolerances of the part. The end termi-
nation shall cover the ends of the components, and shall
extend out to the top and bottom of the component.

100- and 124-lead counts with the same spacing. capable of withstanding ten cycles through a standard
reflow system operating at 215 °C [419 °F]. Each cycle
13 IPC-7357 POST (DIP) LEADS, TWO SIDES shall consist of a minimum of 60 seconds exposure at

A method of modifying DIPs for surface mounting is the 215T°C [419 °F]. See IPC/JEDEC J-STD-020 for appropri-
“I” mounting technique. This involves simply cutting the  ate reflow cycles and profiles when using lead free solders.
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14 IPC-7358 AREA ARRAY COMPONENTS (BGA, FBGA, the underside of the dielectric is an array pattern of metal-
CGA) lized balls/columns which form the mechanical and electri-
The area array device family includes square and rectangu-cal connection from the package body to a mating feature
lar package configurations and is furnished in a variety of such as a printed circuit board. The array contact material
base materials. This device family includes Ball Grid Array will allow conventional reflow solder or other attachment
(BGA) parts (rigid, flexible or ceramic substrate); Fine processes. The surface that contains the die may be encap-
Pitch Ball Grid Array (FBGA) parts (rigid or flexible sub-  sulated by various techniques to protect the semiconductor.
strate); and Column Grid Array (CGA) parts (ceramic sub- Figure 14-2 compares the top surface attached die to the
strates). cavity down configuration.

The area array device families are generally marked with
the manufacturer’'s name or symbol, part number, date code
and orientation mark in the corner near contact location Al.

Area array devices may be furnished in matrix tray or tape
and reel packaging formats. Tape and reel packaging is
generally preferred for high volume assembly. Plastic trays
and reels must be transported and stored in moisture proof
containers. When plastic array devices are exposed to the
environment for an extended period of time, moisture may
absorb into the device. The absorbed moisture, if excessive
may expand (when exposed to higher temperatures typical
of reflow solder process), causing cracking and other
physical damage. Figure 14-1 Ball Grid Array (BGA) IC Package Example

Metal Plate
BGA Heat Sink

IPC-7351-14-01

Area array devices are typically attached to the host inter-
face structure using eutectic solder alloy, however, optional
methods of attachment may include electrically conductive
epoxy or polymer. There is also a process difference
between the solder application for those terminations that
collapse slightly during soldering and those terminations
that do not collapse where a significant amount of addi-
tional solder paste is required. Array package assembly
should not require specialized equipment or processes
beyond that used for vision assisted SMT pick and place.

In conjunction with the proper land size, the volume of IPC-7351-14-02
solder paste application is a fundamental parameter to keeg:igure 14-2 Example of Plastic BGA Package

under control in order to have a good reflow quality yield configurations

and a reliable solder joint. Paste volume deposition may be
a matter of SPC adoption at print process step.

14.1.1.1 Termination Materials The BGA ball termina-
tion may consist of a variety of metal alloys. Some of these
include balls with some lead content such as 37Pb63Sn,
90Pb10Sn, 95Pb5Sn, while others do not contain lead such
as Sn96.5Ag3.0Cu0.5, Sn96.5Ag3.5, Sn-9Zn-0.003Al. It is
a good recommendation to use the same alloy, in a paste
form, to attach the BGA balls to the mounting substrate;
however some of the balls that do not collapse require a
paste that is more conducive to reflow temperatures.

14.1 Area Array Configurations For additional detail on
package variations, mechanical feature dimensions and
allowable physical tolerances beyond the following sec-
tional descriptions, refer to the JEDEC Publication JEP95
and IPC-7095.

14.1.1 BGA Packages Figure 14-1 shows the elements

of a BGA. JEDEC Publication JEP95. Section 4.14. defines 7' lead free finishes a combination of tin, silver and cop-
a Ball Grid Array Package family. A Ball Grid Pe,lckage per is the prevalent replacement for the tin/lead finish. Sol-

(BGA) is a square or rectangular 1.50 mm, 1.27 mm, & derabili.ty testing should be a_pplied per IPC—.J—STD—OOZ to
1.00 mm pitch package with an array of metallic balls or determine attachment capability of the applicable compo-

columns on the underside of the package. The main body €Nt tyPe.

of the package has a metallized circuit pattern applied to a14.1.1.2 Process Considerations BGAs are usually
dielectric structure. To this package body, the semiconduc- processed using standard reflow solder processes. Parts
tor die(s) is attached to either the top or bottom surface. On should be capable of withstanding three cycles through a
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standard reflow system operating within a range of 235 °C Table 14-1 JEDEC Standard JEP95

to 260 °C [455 °F to 500 °F] depending on the attachment Allowable Ball Diameter Variations for FBGA (mm)
alloy being used. Each cycle shall consist of 60 to 90 sec- Ball Diameter

onds exposure at the particular temperature selected. Sege Ball Pitch Minimum Nominal Maximum
IPC/JEDEC J-STD-020 for appropriate reflow cycles and 0.80 0.45 0.50 0.55
profiles when using lead free solders. 0.80 0.35 0.40 0.45
It is important to consider that Plastic BGAs are moisture 0.80 0.25 0.30 0.35
sensitive device/components (MSD). Precaution must be 0.65 0.35 0.40 0.45
taken during the printed board assembly process in order to| 0.65 0.25 0.30 0.35
avoid MSD damages (Delamination, Cracks, etc). Trace- 0.50 0.25 0.30 0.35

ability for baking PBGA, might be required mainly when

attached in a double sided/reflow printed board assembly.larger diameter ball may compensate to a degree, for the
wide mismatch of the coefficient of thermal expansion

14.1.2 Fine Pitch BGA Package (FBGA) JEDEC Publica- (CTE) between the silicon die and the rigid PCB structure.

tion JEP95, Section 4.5, defines a Fine-pitch Ball Grid
Array (FBGA) package is a reduced-pitch (<1.00 mm) ver- Fine pitch ball parts may require special processing outside
sion of a Ball-Grid-Array (BGA) package. The carrier body the normal pick/place and reflow manufacturing operations.
of the package has a metallized circuit pattern applied to a This requirement relates to the amount of solder paste, the
dielectric structure. One or more semiconductor devices areprecision of the placement machine and the soldering pro-
attached to either the top or the bottom surface of this cess profile, to permit all parts to become attached at the
dielectric carrier. On the underside of the dielectric carrier same time that the FBGA is reflowed.

is an array pattern of metallized balls, which form the o . .

mechanical and electrical connection from the package Ball termination and process conS|der_at|on_s for FBGA are
body to a mating feature such as a printed circuit board. the same as that for BGA as described in 14.1.1.1 and
The surface that contains the die may be encapsulated by14'1'1‘2'

various techniques to protect the semiconductor. The

requirements for a square FBGA package family that 14.1.3 Ceramic Column Grid Arrays (CGA) Solder col-
allows four optional contact pitch variations; 0.50, 0.65, umn contacts typical of that illustrated in Figure 14-3 are
0.75 and 0.80 mm and defines four device profile (height) used for larger ceramic-based packages (32.0 mm to 45.0
variations as well. The 0.75 mm pitch has been added to MM). The package resembles the earlier pin-grid-array but

the list thus providing four pitch variations for FBGA type With closer contact pitch and more fragile leads (columns).
parts. The column contact diameter is approximately 0.5 mm

. ) with its length varying from 1.25 mm to 2.0 mm. The col-
The total profile height of the FBGA, as measured from the umns are attached to the package either by eutectic
seating plane to the top of the component, is greater tha”(SnGSPb37) solder or they are cast in place using 90% Pb
1.70 mm. The Low-Profile Fine-Pitch Ball-Grid-Array and 10% Sn.
(LFBGA) and is areduced-heightversion of an FBGA.
The total profile height of the LFBGA as measured from
the seating plane to the top of the component, is no greater _ Solder Balls
than 1.20 mm. Thin-Profile Fine-Pitch Ball-Grid-Array Ungeri - (Sn_SPbgs)
(TFBGA) is areduced-heighversion of an FBGA with a I
total profile height as measured from the seating plane to| Sealing
the top of the component that does not exceed 1.00 mm Adhesive™* ==

L

and the Very-Thin-Profile Fine-Pitch Ball-Grid-Array Multilnyer Alumins Substrate
(VFBGA) is areduced-heightersion of an FBGA with a | '

total profile height as measured from the seating plane to

the top of the component that is at or below 0.80 mm. "\ ,"",

The JEDEC design guide for FBGA allows the manufac- S‘zgﬁigg’g‘gg)”s
turer the option to increase ball diameter as the spacing or

pitch between ball contact centers increase as compared irFigure 14-3 Ceramic Column Grid Array (CGA) Package
Table 14-1. As of this release JEDEC standards do not (Cross-Sectional View)

support the 0.75 mm pitch, however the industry has some
parts available in that pitch.

IPC-7351-14-03

The longer columns typically increase solder joint reliabil-

ity by absorbing a great deal of the stresses created by the
The larger ball diameter option has been allowed to accom-CTE mismatch between the ceramic package and the
modate packages using rigid interposer structures. Theboard. Longer columns, on the other-hand, may reduce

58



February 2005 IPC-7351

electrical performance and will increase the overall pack- centered about the centerline of the package (see Figure
age profile. Also the columns are not as rugged as ball 14-5). Contact depopulation is permitted at the discretion

contact and are susceptible to handling damage. of the device manufacturer. Contact patterns can usually be
described in the following methods: full even matrix, full
14.2 General Configuration Issues odd matrix, perimeter matrix, or staggered matrix.

14.2.1 Device Outlines The Grid Array package outlines
detailed in this document are furnished in JEDEC Publica- 14.2.2.1 Full Matrix For a given package size, there are
tion JEP95. The overall outline specification for the array two full matrix possibilities: even and odd. One of them is
device allows a great deal of flexibility as far as lead pitch, the largest matrix that theoretically could fit on the pack-
contact matrix pattern and construction. The JEDEC stan- age, given the size and pitch of the contacts. The other
dards allow for die attachment on either side of the inter- matrix is smaller by one row and column (see Figure 14-5).
face structure (cavity up or cavity down). Refer to IPC-
7096 for further definition and interconnect schemes for

BGAs. The example shown in Figure 14-4 illustrates two F”! [~
225 1/0 devices with a common package outline but, with P ‘
the variation of contact pitch, a unique matrix format is 0000000000081 —;
orovided 000000000000| |}
: 000000000000 G
000000000000
OOggOOOOOOOO
PIN #1 (o)e] 00000000
1514131211109 8 7 6 54 3 2 1 CORNER D 1600000606000
( 000000000000
©60003006000000 |1 995535559599
B
000000000000000 |¢ 888888888888
000000000000000 |0
000000000000000 | 00000000000
000000000000000C |r
000ODDO0CO00000000 |8 PIN A1 C —»
000000000000000 |k
000000000000000 |4
L? 0000000000000 00 K Full Even Matrix
1 | eocoooocococoo0cooo |
T—F—900000000000000 |n
t 00000000G000000 |n F -—
000000000000000 |¢ —>] ‘
©0000D0000000Q00 |r
e | | / -—(OOOOOOOOOOJ%—
|| 00000000000 | }
2 00000000000 G
0000000000
O00000Q0OO000
2 24 22 2 18 16 1412 10 8_6 4 2 PIN #1 D | co00 0000
2% 2 21 19 17 18 B 11 9 7 5 3 1 CORNER OOOOO OOOOO
R 00000000000
000000 0000000000 0000000000] ¢ 00000000000
000000000 OQOQO0000]1 D
2000 08000] ¢ 00000000000
9933 soool ¢ —7pooooeoooooj
0006 0000] H
- e Se T——
000 090 '.Lf ! C
383 383| * _
238 9991t Full Odd Matrix
8880 08 % v IPC-7351-14-05
| 0000 0000| W
18555 59331 m Figure 14-5 One Package Size, Two Full Matrices
th [885508990. 1oo0000932298558 &
000000 0000000000 0000 0000 00| AL 14.2.2.2 Perimeter Matrix A perimeter matrix is
800000 0000000030 0600 § 9§90 09) AF

achieved by removing an array of contacts from the center
of the matrix. Center-depopulation does not affect the cen-
terline of the matrix (see Figure 14-6). In addition, Perim-

Figure 14-4 Bottom View of BGA Devices eter matrices are usually described by the number of con-

14.2.2 Contact Matrix Options Contacts may be distrib- ~ tact perimeters.
uted in a uniform pattern, however the matrix is always

T

IPC-7351-14-04
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14.2.2.3 Thermally Enhanced Matrix A thermally
enhanced matrix is a perimeter matrix with contacts added
back in the center (see Figure 14-6).
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Figure 14-6 Perimeter and Thermally Enhanced Matrices

14.2.2.4 Staggered Matrix A staggered matrix is defined
by the removal of every other contact in an interstitial pat-
tern. This provides an effective minimum center-to-center
contact spacing of2 x pitch of the full matrix (see Figure
14-7). In order to retain the A1l contact position, the stag-
gered matrix must be developed using a full odd matrix.

14.2.3 Selective Depopulation In addition to depopula-

tion methods which lead to the matrices described above,
contacts may be removed selectively. Selective depopula-
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o
o
o
Q
o
o
o]

O O 0 O O0j0 © O
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Figure 14-7 Staggered Matrix

tern matrix is not shifted from the center of the package
outline (see Figure 14-8).
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Figure 14-8 Selective Depopulation

14.2.4 Attachment Site Planning The attachment site or
land pattern geometry recommended for BGA devices is
round with the diameter adjusted to meet contact pitch and
size variation. The diameter of the land should be no larger
than the diameter of the land at the package interface and
is typically 20% smaller than the normal diameter specified
for the ball contact for pitches greater than 1.0 mm and
10% smaller for pitches less than 1.0 mm. Refer to the
manufacturer specification before finalizing land pattern
array and geometry.

14.2.4.1 Copper Defined Land Pattern The land pat-
terns described are defined by the etched copper. Solder
mask clearance should be a minimum of 0.075 mm
[0.00295 in] from the etched copper land. For applications
requiring a clearance that is less than recommended, con-

tion can be accomplished in any manner as long as the pat-sult with the printed board supplier.
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14.2.4.2 Solder Mask Defined Land Pattern If solder with a slight reduction in the land approximation. Pitch
mask defined patterns are used, then adjust land pattermplays a large role in the determination of what ball diam-
diameter accordingly (see 14.4). eters can be used in various combinations. Table 14-2
shows the characteristics of those balls that are used with
14.2.5 Defining Contact Assignment Array contact  pjtches of 1.5 mm through 1.0 mm, as well as future ball

identification is assigned by the column and row location. sjzes whose pitches fall between 0.40 mm and 0.25 mm.
For example, Al contact position is always at an outside

corner position with alpha characters arranged in a vertical Table 14-2 Ball Diameter Sizes (mm)

(row) pattern from top to bottom. Numeric characters are | Nominal Ball N _
assigned in a horizontal (column) axis (I, O, Q, S, X and Z Diameter Total Variation Pitch
are omitted) (see Figure 14-9). 0.75 0.90 - 0.65 1.5 1.27
The designer should note that the Al position is at the g:zg g:;g_ gjg 1'0?'3.80
upper left hand corner when the device is viewed from the 05 0.50 - 0.40 10 0.80.0.75
top. Contact pattern is defined when viewed from the bot- : : : ——
tom. The land pattern provided on the host substrate is 0.40 0.45-035 0.80, 0.75, 0.65
opposite of the contact pattern (with A1 contact position 030 035-025 0.80, 0.75, 0.65, 0.50
again at the upper left). 0.25 0.28 - 0.22 0.40

0.20 0.22 - 0.18 0.30
14.3 Handling and Shipping For information on trays 0.15 0.17 -0.13 0.25

and shipping containers refer to ACH:EIA-481-A,

ACH:EIA-481-3, JEDEC C0-028, and JEDEC CO-029. 14.4.1 Land Approximation In each instance, component
manufacturers and board designers are encouraged to

14.4 Land Pattern Analysis The following provides an  reduce the land size by some percentage of the nominal
analysis of tolerance assumptions and result in solder jointsball diameter. The amount of reduction is based on the
based on the land pattern dimensions shown in Figure 14-9.original ball size, which is used to determine the average
The variations that exist in determining these land patternsland. In determining the relationship between nominal
include the diameter of the individual ball, the positional characteristics, a manufacturing allowance for land size has
accuracy of the ball in relationship to a true position on the been determined to be 0.1 mm between the Maximum
component and the board, and the manufacturing allow- Material Condition (MMC) and Least Material Condition
ance that can be held for the land on the substrate that(LMC). Table 14-3 shows the reduction characteristics, the
mounts the particular ball. The land pattern of the compo- nominal land size, and the target land dimensions, as well
nent (where the ball is attached) and the land pattern of theas future approximations for ball diameters of 0.25 mm and
substrate mounting structure (printed board) should be asbelow.

similar as possible. Component manufacturers have made

their determinations that the land pattern of pad on the 14.4.2 Total Variation The total variation of the system
component should be less than the ball diameter. They baseconsiders three major issues: positioning, ball tolerance,
their conclusions on the resulting nominal ball diameter and substrate tolerance. All three attributes added together
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B 1 D 00000000000 D ‘X ) ee@ D
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G |00000000000 90 8906
B § |©0000000000] 0900000000 ®
M) —-q)ooooooogo 0900 @PORO
\ / d 60033000600
- . { PINL1 Ref.—~
Top View of BGA Device ) Land Pattern
Bottom (contact side) View (viewed on host substrate)
IPC-7351-14-09

Figure 14-9 Device Orientation and Contact A1 Position
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Table 14-3 Land Approximation (mm) mask. As an example, if the requirement is that solder
Nominal mask should be on the land by 0.05 mm, then the maxi-
Nominal Ball Land Land mum land size should be increased by 0.1 mm. It should be
Diameter Reduction Diameter Variation noted that for solder mask-defined lands, since the land size
0.75 25% 0.55 0.60 - 0.50 increases, the opportunity to route conductors between
0.60 25% 0.45 0.50 - 0.40 lands is impacted by reducing the available area for con-
0.50 20% 0.40 0.45-0.35 ductor width and spacing.
0.45 20% 0.35 0.40 - 0.30
0.40 20% 0.30 0.35 - 0.25 14.4.3 Future Ball Conditions Although not required for
030 0% 025 0.25 - 0.20 Fhe BGAs shown in' the present releas.e of IPC-7351, pro-
025 20% 0.20 0.20 - 0.17 jected future ball sizes qf 0.4Q mm pitch gnd below.are
0.20 20% 015 015 012 s_hown in Tablg 14-2. Their projected land size approxima-
tions for ball diameters of 0.25 mm and below are shown
0.15 20% 0.10 0.10 - 0.08 in Table 14-3.

result in a worst case analysis, however as with other land 4.4.4 Land Pattern Calculator The land pattern calcu
patterns in the standard, a statistical average is determineci1 -4 Land Fattern Lalculator P

by using the RMS (root, mean, square) value. Table 14-4 ations for BGAs are based on ball size. As a result of ball
shows the total variation in the system for each of the four variation and component con(_jmons, Table 14-5 ShOWS the
ball sizes identified in the standard. land pattern calculator headings needed to describe the

variations in the system. This data is usually described at

Table 14-4  BGA Variation Attributes (mm) the Maximum Material Condition for nonsolder mask-
Variation defined lands and is dimension “X” in the IPC-7351
Nomir_1a| Positional Ball Substrate RMS datasheets for BGA land patterns.
Ball Size Allowance Tolerance | Tolerance Value
075 |0l1daDTP | 025 0.10 0.25 15 IPC-7359 NO LEAD COMPONENTS (QFN, SON, LCC)
0.60 0.1 dia. DTP 0.20 0.10 0.24
0.50 0.1 dia. DTP 0.10 0.10 0.17 15.1 LCC A leadless chip carrier is a ceramic package
0.45 0.1 dia. DTP 0.10 0.10 0.17 with integral surface-metallized terminations. Leadless

Types A, B, and D chip carriers have a chamfered index
It should be noted that the target value for lands on the corner that is larger than that of Type C. Another difference

substrate of the component or the board should be at Maxi-between the A, B, and D types and Type C is the feature in
mum Material Condition. The variation from the Maximum the other three corners. The types A, B, and D, were
Material Condition indicates that ball-to-land misalignment designed for socket applications and printed wiring inter-

is achieved by taking the maximum land size and subtract- connections. The Type C is primarily intended for direct

ing the variation. The resulting dimension would indicate attachment through reflow soldering. This application dif-

the amount of attachment area that would result from a ference is the main reason for their mechanical differences.
system where all conditions are at a negative instance. ForThese packages mount in different orientations, depending
lands that are solder mask-defined, the land size should beon type, mounting structure and preferred thermal orienta-
increased by the amount of encroachment of the soldertion.

Table 14-5 Land-to-Ball Calculations for Current and Future BGA Packages (mm)

Land Size PCB Ball Size Red:/gtion

Location Ball Fabrication from Variation
MMC LMC Allowance Variation Allowance Nominal MMC LMC Nominal Allowance
0.60 0.50 0.10 0.25 0.10 0.75 0.90 0.65 25% 0.25
0.50 0.40 0.10 0.20 0.10 0.60 0.70 0.50 25% 0.20
0.45 0.35 0.10 0.10 0.10 0.50 0.55 0.45 20% 0.17
0.40 0.30 0.10 0.10 0.10 0.45 0.50 0.40 20% 0.17
0.35 0.25 0.10 0.10 0.10 0.40 0.45 0.35 20% 0.17
0.25 0.20 0.05 0.10 0.05 0.30 0.35 0.25 20% 0.15
0.20 0.17 0.05 0.06 0.03 0.25 0.28 0.22 20% 0.08
0.15 0.12 0.05 0.04 0.03 0.20 0.22 0.18 20% 0.07
0.10 0.08 0.05 0.04 0.02 0.17 0.17 0.13 20% 0.07

62



February 2005 IPC-7351

Leadless Type A is intended for lid-down mounting in a age where electrical contact to the PCB is made by solder-
socket, which places the primary heat-dissipating surfaceing the lands on the bottom surface of the package to the
away from the mounting surface for more effective cooling PCB, instead of the conventional formed perimeter leads.
in air-cooled systems. The exposed die attach paddle on the bottom efficiently
conducts heat to the PCB and provides a stable ground
through down bonds or electrical connections through con-
ductive die attach material. The design of the QFN pack-

Type C is a ceramic package similar to leadless Type B
except for corner configuration. The 1.27 mm center fam-

lly, which includes both leadless and leaded devices, is age also allows for flexibility. Its enhanced electrical per-

designed to mount on a common mounting pattern. The
9 . . gp yformance enables the standard 2 GHz frequency to be
may be directly attached to the mounting structure, or can .

be plugged into sockets. One basic restriction is that therel(';zree?:siejr:sfg_llzr%les_vg)th some design considerations
shall be no terminals in the corners of the package. There 9 '
are a number of common sizes.

End terminations should be solder coated with a tin/lead
alloy or a lead free equivalent. The solder should contain
between 58 to 68% tin. Solder may be applied to the ter-
mination by hot dipping or by plating from solution. Plated
solder terminations should be subjected to a postplating
reflow operation to fuse the solder. The tin/lead finish
should be at least 0.0075 mm [0.0003 in] thick.

The termination shall be symmetrical, and shall not have
nodules lumps, protrusions, etc., that compromise the sym-
metry or dimensional tolerances of the part. The end termi-
nation shall cover the ends of the components, and shall
extend out to the top and bottom of the component.

IPC-7351-15-01

Solder finish applied over precious metal electrodes shall
have a diffusion-barrier layer between the electrode metal-
lization and the solder finish. The barrier layer should be Solderable areas of the mating surfaces on the end termi-
nickel or an equivalent diffusion barrier, and should be at nations (package bottom side) should be solder coated with
least 0.00125 mm [0.00005 in] thick. a tin/lead alloy or a lead free equivalent. Ends/sides of the
terminals are not designed as a solderable surface and are
not required to be plated, as this is a physical impossibility
with many current manufacturing processes. Solder may be
applied to the termination by hot dipping or by plating
from solution. Plated solder terminations should be sub-
jected to a postplating reflow operation to fuse the solder.
15.1.1 Marking All parts shall be marked with a part The tin/lead finish should be at least 0.0075 mm [0.0003

number and “Pin 1" location. “Pin 1” location may be in] thick.

molded into the plastic body. The termination shall be symmetrical, and shall not have
nodules lumps, protrusions, etc., that compromise the sym-

15.1.2 Carrier Package Format Tube carriers are pre- metry or dimensional tolerances of the part. The end termi-

ferred for best handling. nation shall cover the ends of the components, and shall
extend out to the top and bottom of the component.

Figure 15-1 Quad Flat No-Lead (QFN) Construction

For lead free finishes a combination of tin, silver and cop-
per is the prevalent replacement for the tin/lead finish. Sol-
derability testing should be applied per IPC/EIA-J-STD-
001 to determine attachment capability of the applicable
component type.

15.1.3 Process Considerations LCCs are usually pro-
cessed using standard solder reflow processes. Parts shoul
be capable of withstanding ten cycles through a standard
reflow system operating at 215° C [419 °F]. Each cycle

§older finish applied over precious metal electrodes shall
have a diffusion-barrier layer between the electrode metal-
lization and the solder finish. The barrier layer should be

shall consist of 60 seconds exposure at 215° C [419 °F]. nickel or an equivalent diffugion parrier, and should be at

See IPC/JEDEC J-STD-020 for appropriate reflow cycles least 0.00125 mm [0.00005 in] thick.

and profiles when using lead free solders. For lead free finishes a combination of tin, silver and cop-
per is the prevalent replacement for the tin/lead finish. Sol-

15.2 Quad Flat No-Lead (QFN) The Quad Flat No-Lead  derability testing should be applied per IPC-J-STD-002 to

(QFN) package is a near CSP plastic encapsulated packagéetermine attachment capability of the applicable compo-

with a copper leadframe substrate. This is a leadless pack-nent type.
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Figure 15-2 Quad Flat No-Lead (QFN) Construction (Cross-Sectional View)

15.2.1 Marking All parts shall be marked with a part
number and “Pin 1” location. “Pin 1” location may be
molded into the plastic body or a chamfer/radius in the
bottom exposed pad (bottom paddle).

width of 0.25 mm, not enough space is available for solder
resist web in between the land. In such cases, it is recom-
mended to use the “gang” type solder resist opening
shown in Figure 3-22 where a big opening is designed

around all land on each side of the package with no solder
15.2.2 Carrier Package Format The carrier package for-  resist in between the land.

mat for QFN packages include embossed tape and reel as

well as packaging trays. )
15.3 Small Outline No-Lead (SON) The Small Outline

15.2.3 Process Considerations Because of the small No-lead Package (SON) is a rectangular semiconductor

lead surface area and the sole reliance on printed soldePackage with metal terminals along two sides of the bottom
paste on the PCB surface, the formation of reliable solder Of the package. The terminals are either flush with the bot-
joints for the QFN package can be a challenge. This is fur- tom or protruding slightly below the bottom of the pack-

ther complicated by the large thermal pad underneath the@de, With plastic mold compound present on three sides of
package and its proximity to the inner edges of the leads. €ach contact. The main body of the component is generally
Special considerations are needed in stencil design and® molded plastic. The SON package is similar to the leaded
paste printing for both perimeter and thermal pads. Since SOIC family, though consuming less of the PCB area in
surface mount process varies from company to company,comparison with the leaded SOIC. The part is a “lead-

careful process development is recommended. less” package design with bottom paddle which can be

_ ) o _ soldered to the PCB. See Figure 15-3 for an example of a
The optimum and reliable solder joints on the perimeter gqy component.

pads should have about 50 um to 75 um standoff height. A
side fillet is not required since the sides are not designed as
a solderable surface (see IPC-A-610).

15.2.4 Solder Resist Considerations The solder resist
opening should be 120 um to 150 um larger than the land
size resulting in 60 um to 75 um clearance between the
copper land and solder resist. This allows for solder resist
registration tolerances, which are typically between 50 pum
to 65 um, depending upon the board fabricators’ capabili-
ties. Typically each land on the PCB should have its own
solder resist opening with a web of solder resist between Figure 15-3 Small Outline No-Lead (SON) Construction

two adjacent lands. Since the web has to be at least 75 pm

in width for the solder resist to adhere to the PCB surface, 15.3.1 Marking All parts shall be marked with a part
each land can have its own solder resist opening for leadnumber and “Pin 1” location. “Pin 1" location may be
pitch of 0.5 mm or higher, based on the land width dimen- molded into the plastic body or a chamfer/radius in the
sions. However, for 0.4 mm pitch parts with PCB land bottom exposed pad (bottom paddle).

IPC-7351-15-03
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15.3.2 Carrier Package Format The carrier package for-  Figure 3-22 where a big opening is designed around all
mat for the SON includes anti-static tubes, since the units land on each side of the package with no solder resist in
have no leads that can bend, as well as conductive carrietbetween the land.

tape and reel.

) 16 ZERO COMPONENT ORIENTATIONS
15.3.3 Process Considerations The SON package is

resistant to failure from board bending (flexing); it features The zero component orientations expressed in IPC-7351
a metal bottom paddle, which can be soldered directly to are defined in terms of the standard component CAD
the PC board. This adds adhesive strength while avoidinglibrary with respect to a given PCB design. Recognizing
messy epoxy under-fill. Though not required, it is highly that a single land pattern may be used for the same compo-
recommended that this bottom paddle be soldered to thenent part from different suppliers and that each component
printed board, especially for printed boards with significant supplier may have different orientations on their reels or
flex. For the more flex-resistent printed boards, the bottom that the components may come in trays, there exists the
paddle soldering is not necessary but is recommended dugpossibility that the PCB designer loses the ability to refer-
to CTE stresses and possible ground signals through theence a single land pattern if the zero rotation of a part is
bottom paddle. according to the method the component is delivered to the
assembly machine. Since the CAD library contains a single
15.3.4 Solder Resist Considerations The solder resist |gnd pattern, the zero component rotation is thus defined
opening should be 120 pm to 150 pm larger than the land according to the CAD library. Subsequently, component
size resulting in 60 pm to 75 um clearance between the syppliers can identify the orientation of the parts on the
copper land and solder resist. This allows for solder resist ygg|g by associating the placement of the part on the reel to
registration tolerances, which are typically between 50 Um zero orientations defined in IPC-7351. If pin 1 is at the
to 65 um, depending upon the board fabricators’ capabili- |ower left as defined by the pick and place machine tape
ties. Typically each land on the PCB should have its own and reel, for example, then the component on the reel is
solder resist opening with a web of solder resist between rotated 90° counterclockwise from the zero rotation given
two adjacent lands. Since the web has to be at least 75 pmjp |pC-7351. Standardizing the orientation of components
in width for solder resist to adhere to the PCB surface, eachfor the installation and utilization of various packaging
land can have its own solder resist opening for lead pitch methods, such as tubes, trays or tapes and reels, among the

of 0.5 mm or higher, based on the land width dimensions. yariations of automated assembly equipment existing today
HOWeVer, for 0.4 mm pItCh pal’tS with PCB land width of is outside the scope of this document.

0.25 mm, not enough space is available for solder resist
web in between the land. In such cases, it is recommendedFigure 16-1 lists the most commonly used parts and their
to use the “gang” type solder resist opening shown in proper zero component rotation.
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Package Outline Component Examples
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Figure 16-1 Zero Component Rotations for Common Package Outlines
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Package Outline Component Examples Zero Rotation
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Figure 16-1 Zero Component Rotations for Common Package Outlines (continued)
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Package Outline

Component Examples
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Figure 16-1 Zero Component Rotations for Common Package Outlines (continued)
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Package Outline Component Examples Zero Rotation
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Figure 16-1 Zero Component Rotations for Common Package Outlines (continued)
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Package Outline

Component Examples
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Figure 16-1 Zero Component Rotations for Common Package Outlines
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Appendix A
(Informative)
Test Patterns — Process Evaluations

The following test patterns have been developed as stan-positions for mounting leadless chip carriers used by a sur-
dards that may be used for the evaluation of standard boardface mount evaluation program to evaluate printed board
materials, with a variety of standard parts. IPC-A-49 art- and substrate materials. The test boards produced from this
work is available for these tests. The land patterns repre-artwork may contain metal cores, or other planes that con-
sent land pattern designs from the original IPC-SM-782 trol the coefficient of thermal expansion of the P&I struc-
land pattern standard. ture.

The test specimen contains conductors and plated-throughThe following are some examples of the type of materials
holes and parts connected in a single daisy chain. One endhat may be used as the constraining core.

of the daisy chain is connected to a common ground while
the other end of the chain is connected to land patterns, )
then to a plated-through hole in which a wire may be sol-
dered for test purposes. c) Printed boards bonded to low-expansion support (metal
or nonmetal)

d) Compliant layer constructions

e) Metal core boards
A.1 Test Vehicle Another test specimen is used for the
testing of printed board structures that are intended to pro-A.2 Test Patterns - In-Process Validator Test patterns
vide P&l structures used primarily for the mounting of to validate in-process conditions are encouraged to be
leadless chip carriers. This test board is described in sur-incorporated into the panel of a printed board assembly.
face mount Air Force Mantech artwork (IPC-A-48). The These designed-in land patterns provide special features for
board is a 12-layer multilayer board which contains 38 automatic optical inspection and visual inspection.

Nonorganic materials (alumina)
) Porcelainized clad invar materials

Circuits that are shown in Figure A-1 and Figure A-2 con-
tain the various components listed:
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Figure A-1 General Description of Process Validation Contact Pattern and Interconnect
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Figure A-2 Photoimage of IPC-A-49 Test Board for Primary Side

The land patterns are shown in documentation designed toA.3 Stress Testing Stress testing usually consists of
provide a clear view of the soldering characteristic in such temperature cycling of the printed board assembly that has
a way that land geometry is visible, and solder joint evalu- been surface mounted through various extremes. The tem-
ation can be achieved. The same in-process validator isperature cycling of the assembly or a coupon may be vari-
used to check the registration of solder paste prior to reflow ety of cycling exposure (see Table 3-16).

soldering. . ] . ]
During the cycling processes, daisy-chained plated-through

IPC/EIA J-STD-001 provides the key variables for meeting holes and daisy-chained solder joints are measured during
soldering requirements that are necessary for various Sur-he initial phase as to their resistance, and then monitored
face mount parts. Land pattern samples provided aroundfoy jncreased resistance during the thermal cycling. See

the periphery of a panel, should be designed to provide |pc.sM-785 and IPC-9701 for additional information.
clear visibility of the solder joints shown in these figures.
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Appendix B
(Informative)
Abbreviations and Definitions

ATE Automated Test Equipment PTFE Polytetrafluoroethylene

COB Chip-on-Board PTH Plated-through Hole

CTE Coefficient of Thermal Expansion RA Rosin Activated

DIP Dual-in-Line Package RFS Regardless of Feature Size
DTP Diameter of True Position RMA Resin Mildly Activated

FTP Fine Pitch Technology RMS Root Mean Square

IC Integrated Circuit SA Synthetic-Activated

ICT In-Circuit Test SFA Standard Fabric Allowances

IR Infrared SIP Single In-Line Package

LMC Least Material Condition SMA Synthetic Mildly Activated

MMC Maximum Material Condition SMOBC Solder Mask Over Bare Copper
OA Organic Acid SMT Surface Mount Technology
OSsP Organic Solderability Protection SoOlIC Small Outline Integrated Circuit
PB Printed Board THT Through-Hole Technology
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APPENDIX C
IPC-7351 Land Pattern Viewer

The IPC-7351 Land Pattern Viewer, hereafter referred to asfamiliarizing the user with the Viewer by providing

the IPC-7351 LP Viewer, is a shareware program that detailed information on the following:

allows users to view component and land pattern dimen-

sional data in tabular form as well as graphical images that

illustrate how a component is attached to the land pattern

on the board. The IPC-7351 LP Viewer is provided on a ® Operating the Search Library Menu

CD-ROM that is included with the IPC-7351 standard. » Updating Parts Library Files

Updated versions of the program, including dimensional

data for new component families, can be downloaded for ¢.3 software Updates The IPC-7351 LP Viewer relies

free fromwww.ipc.org under the “PCB Tools and Calcu-  on library files for component and land pattern dimensional

lators” link. data. The extension for the library files is [.p]. These .p
files provide the raw dimensional data necessary for the

C.1 Software Installation The IPC-7351 LP Viewer software to d|sp|ay Components and land patterns in
comes on CD-ROM in a zipped file format. The zip file graphical forum.

contains important text files on the usage of the shareware
program as well as installation requirements. Microsoft -P files also contain parts attributes. Attributes hold vital
.NET Framework is required for the IPC-7351 LP Viewer statistical and descriptive data that every land pattern needs
to run properly. If you have determined that you do not SO other users can quickly identify the component charac-
have this component, the installation requirement text file teristics. Attributes help organize data used to search for
details how to obtain this software. Once you have con- existing Iibrary parts. Detailed descriptions of how to uti-
firmed that your system has Microsoft .NET Framework, lize attributes can be found by selecting the “Users Guide”
you can select the executable IPC-7351 LP Viewer file to tool bar button located on the main interface screen for the
begin the installation process. See the Users Guide withinIPC-7351 LP Viewer.

the IPC-7351 LP Viewer for detailed instructions on the
download of .NET Framework.

* Software Installation
* Setting up User Preferences

As new component families are standardized by the indus-
try, new .p library files will be made available to users of
Note: A special file is required for the eventual build of the IPC-7351 LP Viewer. These updated .p files can be
user preferences; this file has the extension [.dat]. The IPC-downloaded for free fronwww.ipc.org under the “PCB
7351 LP Viewer program installation does not initially Tools and Calculators” link.
include a [.dat] file and therefore one is created automati-
cally the first time you run the program. When starting the C.4 Software Upgrades The IPC-7351 LP Viewer is a
program for the first time, the User will be prompted by a shareware program that allows users to search and display
message that states a .DAT file does not exist and that oneexisting land patterns for standardized component families.
is being created. A second message will be displayed con-The Viewer is supported by additional software tools that
firming that the file has been created. allow for the calculation of new land patterns as well as the
creation of new part libraries that stores new component
C.2 Software Usage Once installed, select the “Users and land pattern data. Information on these enhanced soft-
Guide” tool bar button located on the main interface screen ware tools is available atvww.ipc.org under the “PCB
for the IPC-7351 LP Viewer. This .pdf document helps in Tools and Calculators” link.
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Technical Questions

The IPC staff will research your technical question and attempt to find an appropriate specification
interpretation or technical response. Please send your technical query to the technical department via:

tel: 847-615-7100 fax: 847-615-7105
www.ipc.org e-mail: answers@ipc.org

IPC World Wide Web Page www.ipc.org

Our home page provides access to information about upcoming events, publications and videos, membership, and industry
activities and services. Visit soon and often.

IPC Technical Forums

IPC technical forums are opportunities to network on the Internet. It’s the best way to get the help you need today! Over
2,500 people are already taking advantage of the excellent peer networking available through e-mail forums provided by IPC.
Members use them to get timely, relevant answers to their technical questions. Contact KeachSasamori@ipc.org for details.
Here are a few of the forums offered.

TechNet@ipc.org

TechNet forum is for discussion of issues related to printed circuit board design, assembly, manufacturing, comments or
questions on IPC specifications, or other technical inquiries. IPC also uses TechNet to announce meetings, important technical
issues, surveys, etc.

ComplianceNet@ipc.org

ComplianceNet forum covers environmental, safety and related regulations or issues.

DesignersCouncil@ipc.org

Designers Council forum covers information on upcoming IPC Designers Council activities as well as information, comments,
and feedback on current designer issues, local chapter meetings, new chapters forming, job opportunities and certification. In
addition, IPC can set up a mailing list for your individual Chapter so that your chapter can share information about upcoming
meetings, events and issues related specifically to your chapter.

Trainingnews@ipc.org
This is an announcement forum where subscribers can receive notice of new IPC Training Products.

leadfree.ipc.org
This forum acts as a peer interaction resource for staying on top of lead elimination activities worldwide and within IPC.

IPC_New_Releases@ipc.org
This is an announcement forum where subscribers can receive notice of new IPC publications, updates and standards.

ADMINISTERING YOUR SUBSCRIPTION STATUS:

All commands (such as subscribe and signoff) must be sent to listserv@ipc.org. Please DO NOT send any command to the
mail list address, (i.e.<mail list> @ipc.org), as it would be distributed to all the subscribers.

Example for subscribing: Example for signing off:

To: LISTSERV@IPC.ORG To: LISTSERV@IPC.ORG
Subject: Subject:

Message: subscribe TechNet Joseph H. Smith Message: signoff DesignerCouncil

Please note you must send messages to the mail list address ONLY from the e-mail address to which you want to apply
changes. In other words, if you want to sign off the mail list, you must send the signoff command from the address that you
want removed from the mail list. Many participants find it helpful to signoff a list when travelling or on vacation and to
resubscribe when back in the office.

How to post to a forum:

To send a message to all the people currently subscribed to the list, just send to <mail list>@ipc.org. Please note, use the mail
list address that you want to reach in place of the <mail list> string in the above instructions.

Example:

To: TechNet@IPC.ORG
Subject: <your subject>
Message: <your message>

The associated e-mail message text will be distributed to everyone on the list, including the sender. Further information on
how to access previous messages sent to the forums will be provided upon subscribing.

For more information, contact Keach Sasamori
tel: 847-597-2815 fax: 847-615-5615
e-mail: sasako@ipc.org www.ipc.org/emailforums
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Education and Training

IPC conducts local educational workshops and national conferences to help you better understand conventional and
emerging technologies. Members receive discounts on registration fees. Visit www.ipc.org to see what programs are
coming to your area.

IPC Certification Programs

IPC provides world-class training and certification programs based on several widely-used IPC standards, including
IPC-A-600, IPC-A-610, IPC/WHMA-A-620, J-STD-001 and IPC-7711A/7721A Rework and Repair. IPC-sponsored
certification gives your company a competitive advantage and your workforce valuable recognition.

For more information on these programs:
tel: 847-597-2814 fax: 847-615-7105
e-mail: certification@ipc.org www.ipc.org/certification

Designer Certification (C.I.D.)/Advanced Designer Certification (C.I.D.+)
Contact:

tel: 847-597-2827 fax: 847-615-5627

e-mail: christipoulsen@ipc.org  http://dc.ipc.org

EMS Program Manager Certification

Contact:
tel: 847-597-2884 fax: 847-615-5684
e-mail: susanfilz@ipc.org www.ipc.org/certification

IPC Video Tapes and CD-ROMs

IPC video tapes and CD-ROMs can increase your industry know-how and on the job effectiveness. Members receive
discounts on purchases.

For more information on IPC Video/CD Training, contact Mark Pritchard
tel: 505/758-7937 ext. 202 fax: 505/758-7938
e-mail: markp@ipcvideo.org http://training.ipc.org

IPC Printed Circuits Expo, APEX and the Designers Summit
(iPC

SmEMA COUNGIL

;;’f"'%."'g"',.,_,ﬁg APEX | Paper presentations, educational courses, standards development meetings networking opportunities

This yearly event is the largest electronics interconnection event in North America. With technical

b and designers certification, there’s something for everyone in the industry. The premier technical
conference draws experts from around the globe. 500 exhibitors and 6,000 attendees typically
participate each year. You'll see the latest in technologies, products and services and hear about the trends that affect us

all. Go to www.GoIPCShows.org or contact shows@ipc.org for more information.

Exhibitor information:
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Mary Mac Kinnon Alicia Balonek

Director, Show Sales Director, Trade Show Operations
847-597-2886 847-597-2898
MaryMacKinnon@ip c.org AliciaBalonek@ipc.org

How to Get Involved

The first step is to join IPC. An application for membership can be found in the back of this publication. Once you
become a member, the opportunities to enhance your competitiveness are vast. Join a technical committee and learn
from our industry’s best while you help develop the standards for our industry. Participate in market research programs
which forecast the future of our industry. Participate in Capitol Hill Day and lobby your Congressmen and Senators for
better industry support. Pick from a wide variety of educational opportunities: workshops, tutorials, and conferences.
More up-to-date details on IPC opportunities can be found on our web page: www.ipc.org.

For information on how to get involved, contact:

Jeanette Ferdman, Membership Director

tel: 847-597-2809 fax: 847-597-7105

e-mail: JeanetteFerdman@ipc.org www.ipc.org
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ASSOCIATION CONNECTING
[ELECTRDNICS INDUSTRIES ®

Thank you for your decision to join IPC members on the “Intelligent Path to Competitiveness”!
IPC Membership is site specific, which means that IPC member benefits are available to all
individuals employed at the site designated on the other side of this application.

To help IPC serve your member site in the most efficient manner possible, please tell us what
your facility does by choosing the most appropriate member category. (Check one box only.)

[ ] Independent Printed Board Manufacturers

This facility manufactures and sells to other companies, printed wiring boards (PWBs) or other electronic
interconnection products on the merchant market. What products do you make for sale?

[] One-sided and two-sided rigid [ ] Multilayer printed boards [] Other interconnections
printed boards [ ] Flexible printed boards

Name of Chief Executive Officer/President

[]Independent Electronic Assembly EMSI Companies

This facility assembles printed wiring boards, on a contract basis, and may offer other electronic interconnection
products for sale.

Name of Chief Executive Officer/President

[ ] OEM—-Manufacturers of any end product using PCB/PCAs or Captive Manufacturers of PCBs/PCAs

This facility purchases, uses and/or manufactures printed wiring boards or other interconnection products for
use in a final product, which we manufacture and sell.

What is your company’s primary product line?

[]Industry Suppliers

This facility supplies raw materials, machinery, equipment or services used in the manufacture or assembly of
electronic interconnection products.

What products do you supply?

[ ] Government Agencies/Academic Technical Liaisons

We are representatives of a government agency, university, college, technical institute who are directly
concerned with design, research, and utilization of electronic interconnection devices. (Must be a non-profit
or not-for-profit organization.)
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ASSOCIATION CONNECTING
[ELECTRONICS INDUSTRIES ®

Site Information:

Company Name

Street Address
City State Zip/Postal Code Country
Main Switchboard Phone No. Main Fax

Name of Primary Contact

Title Mail Stop

Phone Fax e-mail
Company e-mail address w

Please Check One:

[] $1,000.00 Annual dues for Primary Site Membership (Twelve months of IPC
membership begins from the time the application and payment are received)

[] $800.00 Annual dues for Additional Facility Membership: Additional membership for a site within an
organization where another site is considered to be the primary IPC member.

[] $600.00** Annual dues for an independent PCB/PWA fabricator or independent EMSI provider with
annual sales of less than $1,000,000.00. **Please provide proof of annual sales.

] $250.00 Annual dues for Government Agency/not-for-profit organization

TMRC Membership [ | Please send me information about membership in the Technology Market
Research Council (TMRC)

Payment Information:

Enclosed is our check for $
Please bill my credit card: (circle one) MC AMEX VISA DINERS

Card No. Exp date
Authorized Signature

Mail application with check or money order to: oTTTTTTTTTTTTTTTTTTTr Ty 1

IPC
3491 Eagle Way
Chicago, IL 60678-1349

. . . . . Please attach business card
Fax/Mail application with credit card payment to:

IPC

3000 Lakeside Drive, Suite 309 S
Bannockburn, IL 60015-1249
Tel: 847-615-7100

Fax: 847-615-7105
http://www.ipc.org

of primary contact here
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Standard Improvement Form IPC-7351
The purpose of this form is to provide the Individuals or companies are invited to If you can provide input, please complete
Technical Committee of IPC with input submit comments to IPC. All comments  this form and return to:

from the industry regarding usage of will be collected and dispersed to the IPC

3000 Lakeside Drive, Suite 309S
Bannockburn, IL 60015-1219
Fax 847 615.7105

E-mail: answers@ipc.org

the subject standard. appropriate committee(s).

1. | recommend changes to the following:
___Requirement, paragraph number
___Test Method number____, paragraph number

The referenced paragraph number has proven to be:
___Unclear _Too Rigid ___In Error
___ Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by:

Name Telephone
Company E-mail
Address

City/State/Zip Date
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