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INTRODUCTION

This package application note provides the guidelines
for the handling and assembly of Microchip WLCSP
packages during the Printed Circuit Board (PCB)
assembly. In addition, it provides general information
for the PCB land pattern design and component rework
guidelines.

SCOPE

This application note contains generic information for
various Microchip WLCSP packages assembled inter-
nally or at external subcontractors. Specific information
about each device is not provided. To develop a spe-
cific solution, actual experience and development
efforts are required to optimize the assembly process
and application design per individual device require-
ments, industry standards (such as IPC and JEDEC),
and prevalent practices in the assembly environment.
For more details about the specific devices contained
in this document, visit www.microchip.com or contact
your local Microchip sales office.

PACKAGE DESCRIPTION AND
CONSTRUCTION

The WLCSP package is the only true chip-size pack-
age. The die itself is the package. Lead-free solder
balls, usually Tin-Silver-Copper (SAC) material, are
connected to the active side of the die, either directly to
the die bond pads, or through the redistribution layer in
fan-in configuration. The WLCSP part can then be
mounted onto the customer's printed circuit board
using standard surface mount assembly techniques.
Microchip WLCSP products are offered in multiple pin-
count configurations and have the following features:

» Smallest package size, which is equal to the die
size

» Smallest footprint per I/O count

» Thinner package profile with considerable weight
reduction, due to the elimination of leadframe/
substrate and molding compound

« No need for underfill material to be used

» Improved electrical performance, due to the elimi-
nation of wire bonds and package leads/traces

» Standard SMT performance characteristics

A typical WLCSP package construction (cross-section)
and 3-D view are shown in Figure 1. These packages
are assembled/constructed in a wafer level format
through a standard wafer multi-mask process. Stan-
dard plated copper (Cu) or aluminum (Al) traces over
the first re-passivation layer are used to make all nec-
essary electrical connections between the die bond
pads and each solder ball. The second re-passivation
layer outlines the entire ball matrix and each solder ball
is attached to the RDL layer trough the Under-Bump-
Metallization (UBM) layer. The WLCSP packages are
processed in integrated assembly and test lines from
wafer bumping through tape and reel.
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FIGURE 1: WLCSP PACKAGE CONSTRUCTION
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# Description # Description
Backside Laminate (optional) 5 | Re-passivation 2
2 SAC Solder Ball 6 |Re-passivation 1
3 Under-Bump-Metallization (UBM) 7 | Die Passivation
(Not used in thick RDL designs)
4 Redistribution Layer (RDL) — Cu or Al 8 |Silicon Die

TYPICAL WLCSP CONFIGURATIONS
AND DIMENSIONS

WLCSP products from Microchip come in various sizes
with standard pitches of 0.4, 0.5 and 0.65 mm. The
actual package outlines depend on the actual die sizes,
which may or may not be the same as the more stan-
dardized packages. The actual package outlines are
provided on the Microchip website as a separate docu-
ment. To obtain the complete set of each WLCSP pack-
age dimensions and tolerances refer to the “Packaging
Specification” (DS00000049) located on the Microchip
website.
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PCB LAND PATTERN GUIDELINES

based on IPC-7351 and IPC-7095 standards. A Non-

Solder-Mask Defined (NSMD) pad design is recom-

The WLCSP is a surface-mountable package with bot-
tom ball termination of its external connections. The
land pattern design for all WLCSP type packages is

mended for all board pads, as shown in Figure 2.

FIGURE 2:

NSMD AND SMD BOARD PAD DEFINITION
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The NSMD board pad configuration provides a more
robust solder joint than the SMD pads because the sol-
der in the NSMD configuration wets the sides of the Cu
pads, improving the strength of the solder joint between
the WLCSP package and the PCB pads (see Figure 3).
In the SMD pads, the edge of the solder mask can be a
stress initiator at the base of the solder ball, which can
result in solder joint cracking. NSMD requires the sol-

der-wetted area of the pad to be determined by the
defined Cu area, not by the solder mask. This is an
advantage because of the tighter control on Cu etch
process than the solder mask development operation.
Furthermore, the smaller pad size in the NSMD design
also provides more room for tight pitch routing on the
PCB.

FIGURE 3: CROSS SECTION OF NSMD SOLDER JOINT
Solder Ball
Solder Mask
PCB Cu Pad
PCB
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The size of the WLCSP part requires care in the PCB
design process for optimum reliability, processing and
performance. An example of typical land pattern infor-
mation is shown in Figure 4. Additionally, the following
rules should be observed when designing the PCB
board:

» Best reliability results are achieved when the PCB
laminate glass transition temperature is above the
operating range of the intended application

» Ni/Au surface finishes are not recommended for
Pb-free solder devices. Organic Solderability Pre-

» Cu traces routed away from the PCB land pads

should be less than 100 um wide (preferably = 75
um) in the exposed area inside the solder mask
opening (for NSMD pads). Wider trace widths will
reduce part stand-off and impact reliability of the
solder joints

Trace routing away from the WLCSP device
should be balanced in X and Y directions to avoid
unintentional component movement as a result of
unbalanced solder wetting forces

No-clean solder paste Type 3 or 4 is

servative (OSP) surface finish will deliver superior recommended
reliability performance
FIGURE 4: TYPICAL WLCSP PCB LAND PATTERN
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}7 —+ @ VIA PAD
@ DRILL
SPACE j VIA ON PAD
Symbol Min Nom Max
DT/ET 1.600
e’ 0.400
QJPAD 0.200 0.230 —
JSM 0.300 0.330 —
Trace Width (L) — 0.075 —
SPACE (Cu-to-Cu) — 0.170 —
SM-Space — 0.070 —
@VIA PAD 0.200 0.230 —
@DRILL 0.100 0.125 —

to www.microchip.com/Packaging.

Note 1: To obtain the PCB land pattern guidelines and dimensions for each WLCSP package dimensions, refer

2: The information in this PCB land pattern should only be used as a guideline. Other factors, such as end-
user layout and design, product specific application, and actual experience must be taken into consider-
ation to define the final PCB land pattern for optimum component mounting process.
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STENCIL DESIGN GUIDELINES

The stencil design should follow standard industry rec-
ommendations such as the IPC-7525 Stencil Design
Guidelines. The best solder stencil performance is
achieved using laser cut stencils with electro-polishing.
The use of chemically etched stencils results in inferior
solder paste volume control. The solder stencil opening
should be identical for all solder pads in the WLCSP

array. Square-shaped apertures are preferred over
round apertures for better solder release, especially in
thicker stencils. The corners of the square apertures
may be rounded to minimize clogging. The apertures
should be given a positive taper of about 5° with the
bottom opening larger than the top to improve solder
release. A 1:1 aperture to solder pad ratio is recom-
mended. Suggested stencil design guidelines are
shown in Table 1.

TABLE 1: SUGGESTED STENCIL DESIGN GUIDELINES
Pitch 0.4 mm 0.5 mm 0.65 mm
Nominal Ball Diameter (um) 250 300 350
PCB Solder Pad Diameter (um) 230 275 300
Stencil Opening (um) 230x230 275x275 300x300
Stencil Thickness (um) 100-125 100-125 125-150
REFLOW SOLDERING AND 3. Opening an MBB
PROFILING To open an MBB when the containers are ready

As with all SMT components, it is important that furnace
profiles be monitored on all new board designs. In addi-
tion, if there are multiple package types on the board,
the thermal profile should be measured at multiple
locations. Component temperature may vary because
of surrounding components, location of the device on
the board, and package densities. To maximize the
self-alignment effect of the WLCSP component, it is
recommended that the maximum reflow temperature
specified for the solder paste not be exceeded.

Microchip recommends that the user follows the guide-
lines of industry specifications IPC-7095 and J-STD-
020 in developing the optimum reflow profile for the Pb-
free WLCSP components with a given board.

HANDLING

The following information details handling procedures
that should be used with WLCSP product packed in a
Moisture Barrier Bag (MBB) and intended for surface
mount applications. Following these handling guide-
lines will ensure that components maintain their as-
shipped, dry state, alleviating package cracking and
other moisture-related, stress-induced concerns that
may be associated with the surface mount process.

1. Incoming Inspection

Upon receipt, shipments should be inspected for
bag integrity. There should not be holes,
gouges, tears or punctures of any kind that
expose either the contents or the inner layer of
the bag.

2. Storage Conditions/Shelf Life

When MSL-1 devices are stored according to
JEDEC specification J-STD-033, the exposure
time is unlimited.

to be used or inspected, simply cut across the
top of the bag, being careful not to damage the
enclosed materials. Once the bag has been
opened, follow the guidelines for ambient expo-
sure time in the following section to ensure that
devices are maintained below the critical mois-
ture level.

4. Manufacturing Conditions/Floor Life

Microchip classifies surface mount components
into levels of moisture sensitivity. The labels on
the MBB list the moisture sensitivity level and
the allowable floor life. Once the MBB has been
opened, Microchip recommends that compo-
nents from the bag be surface mounted and
reflowed within the time indicated on the MBB
label. This time is based on a manufacturing
environment not more extreme than 30°C/60%
RH, and a maximum component body tempera-
ture during solder reflow of 260°C. If the compo-
nent cannot be mounted within this timeframe,
they should be put into a storage environment
immediately, as specified in J-STD-033, or
sealed into an MBB as soon as possible.

5. Resealing an MBB

If there is a need to reseal an MBB for any rea-
son, Microchip recommends the following
guidelines to ensure that the bag seal does not
allow moisture into the bag. The seal area must
not exhibit any separation when subjected to the
load and temperature conditions specified in the
JEDEC J-STD-033 specification. The integrity of
the seal is vital to the storage life of the devices.

© 2016-2019 Microchip Technology Inc.
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REWORK

WLCSP parts removed during PCB rework should not
be reused for final assemblies unless the part needs to
be used for further Failure Analysis (FA) work.

The WLCSP rework process is similar to the BGA type
package rework process. The rework process should
follow the below major steps:

» Part Removal — The failed part should be
removed from the board by applying hot air on the
top of the component and bottom heating the
PCB. Discard the removed failed part if it is not
needed for FA work.

* PCB Cleaning — The PCB land site need to be
properly cleaned and dressed for the attachment
of the new component. Either a de-soldering sys-
tem or iron with solder wick method can be used
to effectively remove the residual solder without
damaging the solder mask material and/or the
pads. It should be noted that the applied tempera-
ture should not be >245°C; otherwise, the copper
pads on the PCB may peel off.

» Solder Paste Deposition — A mini stencil with the
same thickness and aperture openings as the
production stencil should be used to deposit the
solder paste. The printed solder paste should be
inspected to ensure uniform and sufficient volume
is deposited before the part placement.

» Part Placement — A WLCSP reworking station
with a vacuum nozzle and vision system should
be used to pick the new WLCSP part and accu-
rately align and place it on the corresponding
footprint.

* Rework Reflow — The replaced WLCSP compo-
nent is then soldered to the PCB using a tempera-
ture profile similar to the production reflow profile.
The WLCSP reworking station typically has a pro-
grammable reflow profile to be selected for a
given part.

IMPORTANT NOTICE

Microchip reserves the right to make corrections, mod-
ifications, enhancements, improvements, and other
changes to its IC packaging information without notice.
Contact your Microchip Regional Sales Office for the
latest relevant information.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR,
AVR logo, AVR Freaks, BitCloud, chipKIT, chipKIT logo,
CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo,
JukeBlox, KeeLoq, Kleer, LANCheck, LINK MD, maXStylus,
maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip
Designer, QTouch, SAM-BA, SpyNIC, SST, SST Logo,
SuperFlash, tinyAVR, UNI/O, and XMEGA are registered
trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Hyper Speed Control, HyperLight Load, IntelliMOS,
mTouch, Precision Edge, and Quiet-Wire are registered
trademarks of Microchip Technology Incorporated in the U.S.A.
Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any
Capacitor, Anyln, AnyOut, BodyCom, CodeGuard,
CryptoAuthentication, CryptoAutomotive, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average
Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, INICnet, Inter-Chip Connectivity,
JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation,
PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon,
QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O,
SMART-L.S., SQI, SuperSwitcher, SuperSwitcher Il, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan,
WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated in
the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip
Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2016-2019, Microchip Technology Incorporated, Printed in
the U.S.A., All Rights Reserved.
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