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IPC Mission IPC is a global trade association dedicated to furthering the competitive excellence and financial
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In pursuit of these objectives, IPC will devote resources to management improvement and
technology enhancement programs, the creation of relevant standards, protection of the
environment, and pertinent government relations.

IPC encourages the active participation of all its members in these activities and commits to full
cooperation with all related organizations.

About IPC IPC standards and publications are designed to serve the public interest through eliminating

Standards misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for their particular need. Existence of such IPC standards and publications
shall not in any respect preclude any entity from manufacturing or selling products not conforming
to such IPC standards and publication, nor shall the existence of such IPC standards and
publications preclude their voluntary use.

IPC standards and publications are approved by IPC committees without regard to whether the
IPC standards or publications may involve patents on articles, materials or processes. By such
action, IPC does not assume any liability to any patent owner, nor does IPC assume any obligation
whatsoever to parties adopting an IPC standard or publication. Users are wholly responsible for
protecting themselves against all claims of liabilities for patent infringement.

IPC Position The use and implementation of IPC standards and publications are voluntary and part of a

Statement on relationship entered into by customer and supplier. When an IPC standard or publication is revised

Specification or amended, the use of the latest revision or amendment as part of an existing relationship is

Revision Change not automatic unless required by the contract. IPC recommends the use of the latest revision or
amendment.

Standards IPC welcomes comments for improvements to any standard in its library. All comments will be

Improvement provided to the appropriate committee.

Recommendations
If a change to technical content is requested, data to support the request is recommended. Technical

comments to include new technologies or make changes to published requirements should be
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IPC-7352
Generic Guideline for Land Pattern Design

1 SCOPE

This document provides generic guidelines on land pattern geometries used for the attachment of electronic components to a
printed board, as well as design recommendations for achieving the best possible solder joints to the devices assembled.
Adjustments to the information in this guideline may be required to meet company and/or board technology requirements. It is
recommended that a company should document the modifications to the IPC-7352 content in corporate command media
documentation.

A land pattern is the representation of the area and features on a printed board needed for a component to be placed and attached
to the printed board during an assembly process. The land pattern is usually built using ECAD Library tools.

1.1 Purpose The intent of the information presented herein is to provide the appropriate size, shape and tolerance of through-
hole and surface mount land patterns to ensure sufficient area for the appropriate solder fillet to meet the requirements of IPC
J-STD-001, and to allow for inspection, testing and rework of those solder joints. Designers can use the information contained
herein to establish guideline land pattern geometries not only for manual designs but also for computer-aided design systems.
Whether parts are mounted on one or both sides of the printed board and are subjected to wave, reflow, or other type of
soldering, the land pattern and part dimensions should be optimized to ensure proper solder joint and inspection criteria.

Land patterns become a part of the printed board circuitry and they are subject to the producibility levels and tolerances
associated with fabrication and assembly processes. The producibility aspects also pertain to the use of solder mask and the
registration required between the solder mask and the conductor patterns.

In addition to the land pattern geometries required for proper solder joint formation, other mounting conditions should be
considered, such as solder mask clearance, solder paste stencil aperture sizes, clearance between adjacent components, clearance
between the bottom of the component and the printed board surface (if relevant), keep-out areas (if relevant) and adhesive
applications. These additional features become part of the overall land pattern guidelines for each component type.

Note 1: The dimensions used for component descriptions have been extracted from the documents listed in 2 Applicable
Documents. Designers should refer to the manufacturer’s datasheet for specific component package dimensions.

Caution: Users should be aware that individual component datasheets may not meet standardized component outlines (e.g.,
JEDEC standard component outlines).

Note 2: FElements of the mounting conditions, particularly the courtyard, given in this guideline are related to the reflow
soldering process. Adjustments for wave or other soldering processes, if applicable, should be carried out by the user. This may
also be relevant when solder alloys other than eutectic SnPb or SnAgCu solders are used.

Note 3: Heat dissipation aspects have not been considered in this guideline.

Note 4: In some cases, the lands shown in this guideline may not apply for a particular application and may need to be altered
based on the end-item environmental requirements. For surface mount components, the solder joints provide not only the
electrical connection, but the mechanical support as well.

Note S: Shock and vibration effects are not considered in this guideline.

1.2 Classification This guideline identifies the generic physical design principles involved in the creation of land patterns for
surface mount and through-hole components.

1.3 Performance Classification [PC-J-STD-001 recognizes that electrical and electronic products are subject to classifications
by intended end-item use. Three general end-product classes have been established to reflect differences in producibility,
complexity, functional performance requirements and verification (i.e., inspection or test) frequency:

CLASS 1 General Electronic Products
Includes products suitable for applications where the major requirement is function of the completed assembly.

CLASS 2 Dedicated Service Electronic Products

Includes products where continued performance and extended life is required and for which unintenuptﬁsg&cﬁjfﬁeérﬁlfgt
not critical. Typically, the end-use environment would not cause failures.
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CLASS 3 High Performance/Harsh Environment Electronic Products

Includes products where continued high performance or performance-on-demand is critical, equipment downtime cannot be
tolerated, end-use environment may be uncommonly harsh, and the equipment must function when required, such as life
support or other critical systems.

1.4 Producibility Levels The producibility levels should be in accordance with the IPC-2221 standard.

1.5 Density Levels Exact details based on vendor component specifications (i.e., datasheet) should be used when defining the
land pattern. These land patterns are designed to a specific component and have an identifying IPC-7352 land pattern name.

Equations can be used to alter the given information to achieve the specific design requirement for the solder connection. These
equations should be used once the particular design requirements for solder joints are determined (see 3.1.1).

Three land pattern geometry variations are supplied for each of the device families: maximum land protrusion (Density Level
A), median land protrusion (Density Level B) and minimum land protrusion (Density Level C). Before adapting a specific land
pattern variation, the user should consider design requirements and product qualification testing.

Density Level A: Maximum (Most) Land Protrusion — For low-density product applications, the ‘maximum’ land 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.

Density Level B: Median (Nominal) Land Protrusion — Products with a moderate level of component density may consider
adapting the ‘median’ land pattern geometry. The median land patterns furnished for all device families will provide a robust
solder attachment condition for reflow solder processes and should provide a condition suitable for wave or reflow soldering of
leadless chip and leaded gull wing type devices.

Density Level C: Minimum (Least) Land Protrusion — High component density typical of portable and hand-held product
applications may consider the ‘minimum’ land pattern geometry variation. Selection of the minimum land pattern geometry
may not be suitable for all product use categories.

The use of performance class (1, 2, or 3) is combined with that of component density level (A, B, or C) in explaining the
condition of an electronic printed board assembly. As an example, combining the description as Levels 1A or 3B or 2C, would
indicate the different combinations of performance and component density to aid in understanding the environment and the
manufacturing requirements of a printed board assembly.

Although all three land pattern geometry variations are considered compliant for Pb-free soldering processes, the Density Level
C variant will require more processing capability to ensure a proper wetting of the Pb-free alloy. See 3.2.3 for further information
on land pattern design in Pb-free soldering environments.

1.5 Use of “Lead” For readability and translation, this document uses the noun lead only to describe leads of a component. The
metallic element lead is always written as Pb.

1.7 Terms and Definitions Other than those terms listed below, the definitions of terms used in this standard are in accordance
with TPC-T-50.
Note: Any definition denoted with an asterisk (*) is a reprint of the term defined in IPC-T-50.

Chip Carrier — A low-profile, square, surface-mount component semiconductor package whose die cavity 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).

Courtyard — The smallest area that provides a minimum electrical and mechanical clearance (i.e., courtyard excess) around the
combined component body and land pattern boundaries.

Courtyard Excess — The area between the outline circumscribing 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.

*Heel Fillet — The solder fillet formed in the land area behind the lead.
*Land — A portion of a conductive pattern usually used for the connection and/or attachment of components.

Leaded Chip Carrier — A chip carrier whose external connections consist of leads that are around and down the side of the
package (see C.6.1).

Leadless Chip Carrier — A chip carrier whose external connections consist of metallized terminations that are an integral part

of the component body (see C.6.1).
Documents
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Master Drawing — A control document that shows the dimensional limits or grid locations that are applicable to 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 surface-
mounting technologies on the same packaging and interconnecting structure.

Packaging and Interconnecting Structure — 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 mounting and interconnecting
components.

*Side Fillet — The solder fillet formed in the land protrusion to either side of the lead or termination.

*Toe Fillet — The solder fillet formed in the land protrusion beyond the lead or termination extremities.

2 APPLICABLE DOCUMENTS

2.1 IPC

IPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronic Circuits
IPC-SM-785 Guidelines for Accelerated Reliability Testing of Surface Mount Solder Attachments
IPC-2221 Generic Guideline on Printed Board Design

IPC-6012 Qualification and Performance Guideline for Rigid Printed Boards

IPC-7093 Design and Assembly Process Implementation for Bottom Termination Components
IPC-7095 Design and Assembly Process Implementation for BGAs

IPC-7525 Stencil Design Guidelines

IPC-9701 Performance Test Methods and Qualification Requirements for Surface Mount Solder Attachments
IPC-9797 Press-fit Standard for Automotive Requirements and other High-Reliability Applications
IPC-D-422 Design Guide for Press Fit Rigid Printed Board Back Planes

2.2 Joint Industry Guidelines (IPC)

J-STD-001 Requirements for Soldered Electrical and Electronic Assemblies

2.5 Joint Electron Device Engineering Council (JEDEC)?

Publication 95 JEDEC Registered and standard Outlines for Solid State Products

3 SURFACE-MOUNT TECHNOLOGY (SMT) DESIGN REQUIREMENTS

3.1 Dimensioning Systems This section describes a set of dimensional criteria for components and land patterns, as well as
the development of acceptable solder joints commensurate with reliability and compliance to workmanship/inspection
requirements and guidelines.

Profile tolerances are used in the dimensioning system to define the size range between maximum and minimum component/
lead dimensions without ambiguity. The profile tolerance is intended to control both size and position of the land. Figure 3-1
shows the profile tolerancing method.

! https://www.ipc.org/ DOCU ments
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Figure 3-1 Profile Tolerancing Method

Key:

(A) “N” Places

The use of the profile dimensioning system requires an understanding of the concepts. The use of a set of requirements are

adopted and invoke the following rules, unless otherwise modified:

» All dimensions are basic (i.e., nominal).

 Limits of size control form as well as size.

* Perfect form is required at minimum or maximum dimensions as applicable.

» Datum references and position tolerances apply at maximum dimensions and are dependent on feature size.
* Position dimensions originate from maximum dimensions.

 Tolerances and their datum references other than size and position apply Regardless of Feature Size (RFS).

The dimensioning concepts used for this system of analysis consider the assembly/attachment requirements as their major goal.
Specification (i.e., data) sheets for components or dimensions for land patterns on printed 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 dimensioning system(s) and the profile dimensioning system and analysis concepts described herein
to allow for ease of tailoring these concepts for robust process performance.

3.1.1 Component Tolerancing and Dimensioning The component manufacturers and industry standards organizations are
responsible for the dimensioning and tolerancing of electronic components. The basic dimensions and tolerance limits published
in the specifications have been converted to a functional equivalent using the profile tolerancing method with all components
shown with their basic dimensions as limit dimensions (i.e., maximum or minimum size).

The concept for component dimension evaluations is based on evaluating the surfaces of the component terminations and
component leads or contacts that are involved in the formation of the acceptable solder joint. Component manufacturers provide
dimensions for their parts showing either the limits of size (i.e., max/min) or they provide a nominal size and then put a
tolerance on that nominal dimension. In order to facilitate the dimensioning system, these dimensions and their associated
tolerances are converted to minimum and maximum size. If only a nominal dimension is provided, it is necessary to empirically
determine the variation on the dimension in order to establish the appropriate land pattern.
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As an example, a size C3216 capacitor has a manufactured nominal dimension for its length (L) of 3.2 mm. The tolerance
described by the manufacturer is + 0.2 mm. Thus, the minimum dimension of L is 3.0 mm with a unilateral tolerance of 0.4 mm,
resulting in its maximum dimension being 3.4 mm.

Figure 3-2 shows the characteristics for the C3216 capacitors. Item A in Figure 3-2 shows the component manufacturer’s
dimensions for the length of the capacitor. Item B in Figure 3-2 shows the component length at its minimum size in the
converted dimensions of the system using profile tolerancing. Item C in Figure 3-2 shows the land pattern at its maximum size.
These conditions provide for an optimum solder fillet per IPC-J-STD-001.

Similar concepts are applied to leaded surface mount parts. The critical dimensional characteristics identified are those that
relate to the formation of the toe and heel solder fillet. For components with gull wing leads, the basic dimensions apply across
the outer extremities of the part for toe land projection, and within the inside of the formed radius of opposing leads for heel
solder fillet formation.

The outer dimensions of leaded or even leadless chip carriers are usually easy to determine since these are readily available
from the component manufacturer or standards organization. The inner (i.e., heel-to-heel) dimensions are rarely provided in
industry standards or manufacturer specifications. These dimensions are more difficult to determine, not only because of the
form of the lead, termination, or castellation but also because it is necessary to derive the inner dimensions by subtracting the
sum of the dimensions of the leads (i.e., with all their inherent tolerances) from the overall dimensions of the part. It is important
that termination spacing not violate minimum electrical clearances.
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Figure 3-2 Example of 3216 (1206) Capacitor Dimensioning for Optimum Solder Fillet Condition

Key:

(A) Manufacturer’s dimensions and tolerances (maximum length of part is 3.4 mm).

(B) Part shown with length at “least material condition’, and profile tolerance to indicate maximum range of component length at 3.4 mm.

(C) Land pattern with dimension Z at “maximum material condition” Profile tolerance of part (0.2 X 0.2), 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. Item A in
Figure 3-3 shows the concept for the manufacturer’s dimensions and tolerances for a gull wing Small-Outline Integrated Circuit (SOIC). Item B in Figure 3-3
shows the converted dimensions to be considered in the overall mounting system requirements.

(D) Maximum Component Size.

Documents

Document Sharing Hub
Copyright 2023 by IPC International, Inc. All rights reserved. 5

Full document details: IPC 7352-2023


http://www.avadocuments.com/doc/ipc-7352-2023
http://www.avadocuments.com/doc/ipc-7352-2023

IPC-7352 May 2023

©
il
.
][]
1

Juu_ b

Figure 3-3 Profile Dimensioning of Gull wing Leaded SOIC

Key:

(A) and (B) Dimensions per component manufacturer’s datasheet for an SOIC with S at Maximum Material Condition (MMC). Note that if S is not
provided by the component manufacturer, it may be determined by subtracting terminal dimension (T) from the length (L) per equation 3-1 below.

(C) Land pattern dimensions.

Eq. 3-1
S=L=2T

Item C in Figure 3-3 shows the land pattern dimensions. The basic dimensions define the minimum length as measured across
the two outer extremities. As component tolerances for L increases, the maximum length and opportunity for the toe fillet is
subsequently reduced.

Note: The inner dimensions between heel fillets on opposing sides are the most important. Inner dimensions are derived by:

* Establishing the maximum outline of the component as measured from lead termination end to lead termination end. The
dimension L is provided by the manufacturer.

¢ Establishing the minimum amount of the lead length as measured across the component contact area (i.e., from heel to toe
for gull wing leads). The dimension 7 is provided by the manufacturer.

* Subtracting twice the minimum lead length of 7" from the maximum overall component length of L to arrive at the
maximum length inside the leads across the length of the component (i.e., the inner dimension between opposing heel
fillets). Including the tolerances on dimensions L and subtracting the maximum dimension of 2 - L will yield the minimum
dimension between opposing heels. This signifies the worst-case tolerance analysis.

» Three sets of tolerances are involved in the analysis described on the overall component, 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
statistical impact is to sum the squares of the tolerances and take the square root of the sum as the Root-Mean-Square
(RMS) tolerance difference.

For example,

Eq. 3-2
RMS Tolerance Accumulation = /(Ltoy)? + 2(Teo1)?
Eq. 3-2
Lior = Liaz = Lmin
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Eq. 3-3

Tto1 = Tmax — Tmin
Where:
tol = tolerance
max = maximum
min = minimum

As an example, the SOIC with 16 leads has the following limits for the L (i.e., component length) and 7 (i.e., terminal length)
dimensions:

Lmin = 5.8 mm, L5, = 6.2 mm
Lio;= 6.2 mm — 5.8 mm = 0.4 mm [Eq.3 — 2]
Tmin = 0.4 mm, Ty,0,= 1.72 mm

Ttor = 1.27 mm — 0.4 mm = 0.87 mm [Eq.3 — 3]

Therefore, the calculations for § minimum and maximum dimensions are as follows:

Smin = Lmin — 2Tmax = 5.8 mm — 2 - (1.27 mm)
= 3.26 mm [Eq.3 — 1]

Smax = Lmax — 2Tmin = 6.2 mm — 2 - (0.4 mm)
=540 mm [Eq.3 — 1]

Stol = Smax — Smin = 54 mm — 3.26 mm = 2.14 mm
The difference between S, and S is 2.14 mm, which is probably a larger tolerance range than the actual range within which

these components are manufactured. This worst-case scenario for the tolerance range for S can also be calculated by adding the
tolerances for the component length and the two terminals:

Stol(RMS) = \/(Ltol)z +2- (Ttol>2
= /(0.4 mm)2? + 2(0.87 mm)2 = 1.30 mm [Eq.3 — 2]

To arrive at a more realistic tolerance range, the RMS value is calculated using the tolerances on the dimensions involved, L
and 7:

Stol(RMS) = \/(Ltol)z +2- (Ttol)z
= /(0.4 mm)2 + 2(0.87 mm)? = 1.30 mm [Eq.3 — 2]

The difference between worse case and the RMS value is 2.14 mm - 1.30 mm = 0.84 mm. This variation is the difference
between the two methods for tolerance analysis. To derive a new maximum and minimum dimension for S to determine land
patterns, half of this difference is subtracted from the worst case S, _(i.e., 5.4 - 0.42 = 4.98) and half the difference is added to
the worse case S, (i.e., 3.26 mm + 0.42 mm = 3.68 mm). Thus, 4.98 mm to 3.68 mm becomes the variation (i.e., max/min) for
the S dimension.

This technique is used so that a more realistic S _dimension is used in the land pattern equations for calculating G, . (i.e., the
minimum land pattern gap between heel fillets).

3.1.2 Solving for Dimension Z Dimension Z is the toe (i.e., outside) span of the land pattern and is calculated with the
following equation.

Eq. 3-4
1 Z= Lpgx+2-Jr

As an example, if L _is found to be 5.80 mm the equation becomes.

Zmax = 580mm+ 2 - Jr

In the above example, the resulting Z value may be rounded. DOC uments
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