32-bit Microcontroller Wafer-Level Chip-Scale Package :
(WLCSP) A8\ MicrocHIP

Introduction

Wafer-Level Chip-Scale Packages (WLCSP) are the smallest possible packages that scale down to the same

size as the silicon die. These are manufactured such that bumping, ball drop, and testing are done at the
wafer-level. It is after these processes that the wafer is diced and made available, usually in tape and reel
media. For conventional lead frame-based packages, such as QFPs and QFNs, the wafer is diced first, and then
the die is attached on the lead frame with the wire bonds followed by encapsulation in a mold compound
resulting in packaged silicon. Testing is done on the packaged silicon and is made available in tray, tube, or tape
and reel media.

Notes:
1. Bumping is an advanced process that provides an electrical connection between the silicon die and the
solder ball.

2. The ball drop is a process where the solder balls are attached to the bumped silicon die.

The inherent manufacturing process of WLCSP eliminates the lead frame and mold compound, making it

a fragile package compared to the lead-frame based packages. Due to this, WLCSP packages are deemed
undesirable for typical automotive and industrial applications, while their small size earns a distinction in
space-constrained applications, such as smart phones, wearables, headphones, and tablet accessories like
stylus pens. The smallest WLCSP package within the Microchip 32-bit portfolio is a SAMD11 Cortex® MO+ MCU
with 20 leads and a 1.9 mm x 2.4 mm size. WLCSPs are also offered for higher performance Cortex M4F families
including the SAM D5x/E5x and SAMG5x series. In addition to WLCSP packages, Microchip offers tiny lead-frame
based packages for their 32-bit PIC* and SAM MCU portfolios, which are robust and easier to assemble on the
PCB. These include a 24-pin VQFN 4 mm x 4 mm, and 32-pin VQFN 5 mm x 5 mm packages. Depending on the
type of space-constrained applications, these VQFNs are more popular and can be considered an alternative

to WLCSPs where higher temperatures, mechanical stress, handling, and assembling are of concern. To help
customers with the assembly and surface mounting of the WLCSP packages, guidelines are provided in the later
sections of this document.
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1. Bootloaders

This section provides information about Microchip WLCSP family of devices that come with a
preprogrammed bootloader, the protocol used, and pinout details. It also provides details on the
non-WLCSP family of devices that have bootloader support.

The bootloader library can be used to upgrade the firmware on a target device without the need for
an external programmer or debugger.

A bootloader is a small application that starts the operation of the device. A bootloader does
not fully operate the device but can perform the following functions before starting the main
application:

« Firmware upgrades

+ Application integrity

+ Starting the application

The following table provides a list of the WLCSP family of devices that include a factory-programmed
bootloader.

Table 1-1. List of WLCSP Family of Devices

SAMD1x UART
AT09002

SAMD20 AT09002 12C/SPI = T
AT09002

SAMD21 AT09002 2C/SPI SAM I°C - SPI bootloader
SAMC2 AT09002 UART/I2C AT09002

2 SAM [2C - SPI bootloader
AN2699

SAML1x AN2699 UART SAM UART bootloader

AT09002

SAML21 AT09002 12C/SPI g e
SAML22 AT09002 2C/SPI AT09002

SAM [2C - SPI bootloader

SAMDS5x/ E5x — UART —

AT09002

SAMG5x AT09002 I:C SAM I2C - SPI bootloader

Note: Devices in the WLCSP include a factory-programmed bootloader. Contact a local Microchip
sales office for more information.

Hardware Pin Configurations
The following table provides the I12C and SPI pin configurations for the WLCSP bootloaders.

Table 1-2. I2C and SPI Pin Configurations

SAML21 | SAML22 | SAMDIx | SAMD20 | SAMD21 | SAMC2x | SAMGSX

Reset RESETN RESETN RESETN PB12 RESETN RESETN RESETN
SDA PAO8 PA12 PAO6 PAO8 PAO8 PA22 PAO3
SCL PAT1 PA13 PAO5 PAO9 PA11 PA23 PAO4

MISO PAO8 PA12 PAO6 PAO8 PAO8 = PA12

MOSI PAT1 PA15 PAO5 PA18 PAT1 - PA13
SCK PAQO9 PA13 PAQ7 PAO9 PAO9 - PA14
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........... conﬂnued

SAML21 | SAML22 | SAMDIx | SAMD20 | SAMD21 | SAMC2x | SAMGSx

Handshake pin PA27 PA16 PA14 PB13 PA14 PAOT
cs PA10 PA14 PAO4 PA17 PA10 - PAT1

The following table provides the UART pin configurations for the WLCSP bootloaders.

Table 1-3. UART Pin Configurations

SAMC2x PA22 PA23 PA19
SAML1x PA16 PA17 PA19
SAMD5x PB12 PB13 PA27

Notes:

1. The bootloader entry pin has an active-low level, and its value is sampled at the beginning of
the bootloader execution. Although an internal pull-up resistor is enabled before sampling the
pin, it is recommended that the bootloader entry pin is pulled-up externally for improved noise
immunity.

The UART settings used by this bootloader are 115200 8N1.

This bootloader supports UART baud rate auto-tuning. This feature may be useful for Hosts that
cannot set the exact value of the baud rate. Auto tuning can be initiated at any point of the
operation. To perform auto-tuning, the Host must send a break signal (at least 11 bits of low
level) followed by a character 0x55. No response is expected for this request.

The following table provides a list of non-WLCSP family of devices that include a factory-
programmed bootloader.

Table 1-4. Non-WLCSP Family of Devices with Factory Programmed Bootloader

SAM4S/
SAM4E/
SAMAC/ UART/USB 16 kB ROM with embedded bootloader routines (UART, USB) and IAP routine.
SAM3x
SAM E70/ S70/V70/V71 UART/USB 16 kB ROM with embedded bootloader routines (UART, USB) and IAP routine.
The bootloader resides in the Flash memory location (0x0000-0000) and utilizes up to
PIC32CM LE/LSx USB/I2C  4KB of Flash memory. It comes with default protection against write/erase through the

SULCK and BOOTPROT fuse settings.

Options to program bootloaders are as follows:

« Microchip pre-programmed at the wafer level (QuickTime Programming)

* Microchip off-board programming (microchipDIRECT programming services)
+ On-board programming by customer

+ Off-board programming by customer

How to use bootloaders:

+ To know how the bootloader library works, refer to the https://github.com/Microchip-MPLAB-
Harmony/bootloader.

+ For additional information on the PIC32CM LE/LS family bootloader, refer to the
github.com/Microchip-MPLAB-Harmony/bootloader_apps_pic32cm_le_ls.
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2. Programming

Microchip WLCSP can be pre-programmed with customer code at the wafer level or the package
level. The Quick Time Programming (QTP) done at the wafer level gets a unique pattern specific to
the customer ordering the part. For programming at the package level, customers can make use of
microchipDIRECT programming services by uploading their hex code.
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3. Ordering Guidelines

Microchip WLCSPs offered in 32-bit MCUs are available in temperature versions ranging from -40°C
to 85°C, and -40°C to 105°C. They cannot be canceled or returned. Customers cannot push out the
Customer Requested Date (CRD), but they can pull in. WLCSPs ordered for production purposes
must meet the Minimum Orderable Quantity (MoQ). For pilot or evaluation builds, approval is
required to allow orders below the MoQ. Contact a local Microchip sales office for information if an
order below the MoQ is needed, or check microchipDIRECT for the MoQ information of the desired
device.
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4. WLCSP Handling During Packaging, Shipping, and Surface Mount
Technology (SMT)

The following information details handling procedures that must be used with a WLCSP product
packed in a Moisture Barrier Bag (MBB) and intended for surface mount applications. Following
these handling guidelines 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. Manual handling of parts with tweezers must be
avoided due to the risk of chip out (cracks in the silicon).

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 the JEDEC specification J-STD-033, it has unlimited.
shelf life.

3. Opening an MBB:
To open an MBB, cut across the top of the bag, care should be taken not to damage enclosed
materials. Once the bag has been opened, follow the guidelines for ambient exposure time in
the following section to ensure that devices are maintained below the critical moisture 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. Microchip recommends
that once the MBB is opened, components from the bag be surface mounted and reflowed
within the time indicated on the MBB label. This time is based on a manufacturing environment,
that is not more extreme than 30°C/60% RH and a maximum component body temperature
during solder reflow of 260°C. If the component cannot be mounted within this time frame, they
should be put into a storage environment immediately, as specified in ]-STD-033, or sealed into
an MBB as soon as possible.

5. Resealing an MBB:
If users need to reseal the MBB for any reason, 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.
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5. Rework

The 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 use the following steps:

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

PCB Cleaning: The PCB land site must be cleaned and dressed for the attachment of the

new component. Either a de-soldering system or iron with solder wick method can be used to
effectively remove the residual solder without damaging the solder mask material and the pads.
Note that the applied temperature should not be more than 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 must 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 accurately align and place it on the corresponding footprint

Rework Reflow: The replaced WLCSP component is then soldered to the PCB using a
temperature profile similar to the production reflow profile. The WLCSP reworking station
typically has a programmable reflow profile to be selected for a given part.
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6. Surface-Mount Technology (SMT) Guidelines and PCB Best Practices

The WLCSP is a surface-mountable package with bottom ball termination of its external connections.
The land pattern design for all WLCSP is based on the IPC-7351 and IPC-7095 standards. A Non
Solder Mask Defined (NSMD) pad design is recommended for all board pads, as shown in the
following figure.

Figure 6-1. NSMD and SMD Board Pad Definition

NSMD SMD

COPPER PAD

SOLDER MASK

/

SOLDER MASK

PCB
SUBSTRATE

The NSMD board pad configuration provides a more robust solder joint than the SMD pads because
the solder 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. 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 solder-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 the Cu etch process than on
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 6-2. Cross Section of an NSMD Solder Joint

g%  SolderBal

Solder Mask -
, __PCBCuPad

- PCB

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 information is shown in the
following figure. Additionally, the user must consider these rules while designing the PCB board:
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+ The 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. The Organic Solderability
Preservative (OSP) surface finish will deliver superior reliability performance.

+ Cu traces routed away from the PCB land pads should be less than 100 pm wide (preferably = 75
pm) in the exposed area inside the solder mask opening (for NSMD pads). Wider trace widths will
reduce the part stand-off and impact the 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.

Figure 6-3. Typical WLCSP PCB Land Pattern

- D1 @ SM — L
BALL A1 — - SM-Space y Lo @ PAD
< (OJOJ
I + + + I ..C @ VIA PAD
E1' | @ DRILL
> @&C
I e
e SPACE —#| e VIA ON PAD

Table 6-1. Land Pattern Symbols and Sizing

D1'/E1" 1.600

& 0.400
@PAD 0.200 0.230 —
@SM 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 —

Notes:

1. To obtain the PCB land pattern guidelines and dimensions for each WLCSP, refer to the
www.microchip.com/Packaging.

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
considered to define the final PCB land pattern for the optimum component mounting process.

Reflow Soldering and Profiling

As with all SMT components, it is important that furnace profiles be monitored on all new board
designs. In addition, if there are multiple package types on the board, the thermal profile must

be measured at multiple locations. The component temperature may vary because of surrounding
components, the location of the device on the board, and the 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.
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Microchip recommends that the user follows the guidelines of industry specifications IPC-7095 and
J-STD-020 in developing the optimum reflow profile for the Pb-free WLCSP components on a given
board.
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7. References

The following documents are to be used for reference purposes. For additional information, visit the

Microchip website or contact a local Microchip Sales Representative.

« For more information on Microchip packages:
www.microchip.com/packaging

« For more information on the QTP process:
www.microchip.com/QTP

« For more information on microchipDIRECT programming service:
www.microchipdirect.com/programming

+ Package Application Note for WLCSP:
ww1.microchip.com/downloads/cn/AppNotes/cn584848.pdf

+ Atmel AVR211: Wafer Level Chip Scale Packages:
ww1.microchip.com/downloads/en/Appnotes/doc42007.pdf

* Microchip Unified Bootloaders:
www.microchip.com/promo/unified-bootloaders

+ Package Drawings:
www.microchip.com/en-us/support/package-drawings

*  MPLAB Harmony v3 Bootloader:
github.com/Microchip-MPLAB-Harmony/bootloader

+ Bootloaders Supported on different product families:
github.com/Microchip-MPLAB-Harmony/bootloader/blob/master/release_notes.md

* PIC32CM LE/LS Family Bootloader:
github.com/Microchip-MPLAB-Harmony/bootloader_apps_pic32cm_le_ls

« For additional information about 32-bit microcontroller
collateral and solutions: ww1.microchip.com/downloads/aemDocuments/
documents/MCU32/ProductDocuments/ReferenceManuals/32-bit-Microcontroller-Collateral-and-
Solutions-Reference-Guide-DS70005534.pdf
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8. Revision History

Revision B - 09/2024
The following updates were performed for this revision:

+ Updated the following tables in Bootloaders with new information for the PIC32CM LE/LSx Family
of devices:

- Table 1-1

- Table 1-2

- Table 1-3
+ Added new verbiage to Ordering Guidelines for finding the MoQ
+ Added two entries in References for Bootloaders

Revision A - 01/2022
Initial release of this document.
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to
make files and information easily available to customers. Some of the content available includes:

+ Product Support - Data sheets and errata, application notes and sample programs, design
resources, user's guides and hardware support documents, latest software releases and archived
software

+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
online discussion groups, Microchip design partner program member listing

+ Business of Microchip - Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support
Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

+ Embedded Solutions Engineer (ESE)
+ Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are
also available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including
to design, test, and integrate Microchip products with your application. Use of this information
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in any other manner violates these terms. Information regarding device applications 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. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

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, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq, Kleer,
LANCheck, LinkMD, maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper
Speed Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, TimeCesium,
TimeHub, TimePictra, TimeProvider, and ZL 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,
Augmented Switching, BlueSky, BodyCom, Clockstudio, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic
Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, EyeOpen, GridTime, IdealBridge,

IGaT, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, Inter-Chip
Connectivity, JitterBlocker, Knob-on-Display, MarginLink, maxCrypto, maxView, memBrain, Mindj,
MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, mSiC, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, Power MOS IV, Power MOS 7, PowerSmart,
PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/0, simpleMAP,
SimpliPHY, SmartBuffer, SmartHLS, SMART-LS., storClad, SQI, SuperSwitcher, SuperSwitcher II,
Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC, Turing, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperlLock, XpressConnect, 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.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered
trademarks of Microchip Technology Inc. in other countries.
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GestlC 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.
© 2024, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
ISBN: 978-1-6683-0233-0

Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit
www.microchip.com/quality.
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