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Scope

This document is intended to facilitate designing with Microchip MPUs packaged in a high-density BGA (Ball
Grid Array) package. Routing guidelines and recommendations are provided for each Microchip MPU currently
available in a high-density BGA package:

«  SAMIX60
« SAMOIX7 Series
+ SAMA7G54

Introduction

All the guidelines presented in this document are based on real working PCBs not publicly available, and are
meant to serve as recommendations rather than mandatory design rules. The example routings are prone
to be further densified if the PCB technology permits it while preserving the trace impedances and length
matching.

Reference Documents

The following Microchip documents are available and recommended as complementary reference resources.

Table 1. Reference Documents

Application note SAM9X60 Hardware Design Considerations DS00003311 www.microchip.com
Application note SAMO9X75 Hardware Design Considerations DS00004962 www.microchip.com
Application note SAMA7G54 Hardware Design Considerations DS00004598 www.microchip.com


http://www.microchip.com
http://www.microchip.com
http://www.microchip.com
https://microchip.com

1. Document Layout
The document is organized as follows:

+ Introduction

+  SAM9X60: design recommendations for the SAM9X60 MPU

+  SAMOX7 Series: design recommendations for the SAM9X75, SAM9X72 and SAM9X70 MPUs
+ SAMA7G54: design recommendations for the SAMA7G54 MPU

@ MICROCHIP



2. SAM9X60
The SAM9X60-V/6GW MPU is available in a 256-ball Thin Fine-Pitch Ball Grid Array (TFBGA) package

wit

h a 9x9 mm body size and a 0.5 mm ball pitch.

2.1 PCB Stack-Up

A minimum of six layers is required to ensure proper connectivity for signals and power. The

foll

owing figure shows an example of a 6-layer stack-up.

Each layer can be assigned as follows:

Layer 1 (Top) - Signal
Layer 2 (Inner) - Ground
Layer 3 (Inner) - Power
Layer 4 (Inner) - Signal
Layer 5 (Inner) - Ground
Layer 6 (Bottom) - Signal

Figure 2-1. SAM9X60 6-Layer PCB Stack-Up Example

6 Layer Stack Legend

Material Layer

WO NN NN

/@ W 7}—— cF-004 L1 -Top
n }7 Prepreg
7 %/ Copper L2 - GND
Core
% Copper L3 - PWR
: }— Prepreg
% Copper L4 - Signal
Core
%Y Copper L5 - GND
ﬂ Prepreg
)
% CF-004 L6 - Bottom

RillF

Thickness

0.035mm
0.085mm

0.035mm
0.100mm
0.035mm

0.950mm

0.035mm
0.100mm
0.035mm

0.085mm
0.035mm

Dielectric Material Type

PP-006

FR4

FR4

PP-006

Signal
Dielectric

Signal
Dielectric
Signal

Dielectric

Signal
Dielectric
Signal

Dielectric

Signal

Total thickness: 1.560 mm + 10%
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2.2 HDI PCB Rules

The high-density BGA package featured by SAM9X60 requires HDI (High-Density Interconnect) PCB
features such as blind and buried vias, and small trace width and clearance. It also requires the
via-in-pad feature.

The following design rules are recommended for the PCB area below and near the MPU package:
+ Blind and buried vias: 0.25 mm diameter and 0.125 mm hole size

+ BGA land size: 0.25 mm diameter with 0.05 mm solder mask expansion
+ Trace width/clearance: 0.075/0.087 mm

Further away from the MPU package (clearance larger than 5 to 10 mm), more relaxed rules can be
adopted, such as:

* Through hole vias: 0.4 mm diameter and 0.2 mm hole size
+ Trace width/clearance: 0.1/0.1 mm

@ MICROCHIP
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Figure 2-3. SAM9X60 Layer 2 Example - Ground
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Figure 2-4. SAM9X60 Layer 3 Example - Power
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AN5871
SAM9X60

Figure 2-5. SAM9X60 Layer 4 Example - Signal

Application Note DS-00005871A -8
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Figure 2-6. SAM9X60 Layer 5 Example - Ground
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Figure 2-7. SAM9X60 Bottom Layer Example - Signal
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The decoupling capacitors should be placed on the bottom, as close as possible to the vias

connecting the power pins of the MPU. An example of such placement can be seen in the following
figure.

Figure 2-8. SAM9X60 Decoupling Capacitors Placement Example
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3. SAMO9IX7 Series

The SAM9X75-V/6GW, SAM9X72-V/6GW and SAM9X70-V/6GW MPUs are available in a 256-ball Thin
Fine-Pitch Ball Grid Array (TFBGA) package with a 9x9 mm body size and a 0.5 mm ball pitch.

3.1 PCB Stack-Up

A minimum of six layers is required to ensure proper connectivity for signals and power. The
following figure shows an example of a 6-layer stack-up.

Each layer can be assigned as follows:

+ Layer 1 (Top) - Signal

Layer 2 (Inner) - Ground

Layer 3 (Inner) - Signal

Layer 4 (Inner) - Power

Layer 5 (Inner) - Ground

Layer 6 (Bottom) - Signal

Figure 3-1. SAM9X7 Series 6-Layer PCB Stack-Up Example

6 Layer Stack Legend

Material Layer Thickness Dielectric Material Type
% W A Copper L1-Top 0.035mm Signal
I: g }7 Prepreg 0.085mm Dielectric
i
V) V47 Copper L2- GND 0.035mm Signal
Core 0.100mm FR-4 Dielectric
% Copper L3 - Signal 0.035mm Signal
|: }7 Prepreg 0.950mm Dielectric
% Copper L4 - PWR 0.035mm Signal
Core 0.100mm FR-4 Dielectric
% LY Copper L5 - GND 0.035mm Signal
T 1
|: ﬂ % }7 Prepreg 0.085mm Dielectric
i [
% % W A Copper L6 - Bottom 0.035mm Signal

Total thickness: 1.60 mm £ 10%
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3.2 HDI PCB Rules

The high-density BGA package featured by the SAM9X7 Series MPUs requires HDI (High-Density
Interconnect) PCB features such as blind and buried vias, and small trace width and clearance. It
also requires the via-in-pad feature.

The following design rules are recommended for the PCB area below and near the MPU package:

« Blind and buried vias: 0.25 mm diameter and 0.125 mm hole size
+ BGA land size: 0.25 mm diameter with 0.05 mm solder mask expansion
* Trace width/clearance: 0.075/0.087 mm

Further away from the MPU package (clearance larger than 5 to 10 mm), more relaxed rules can be
adopted, such as:

* Through hole vias: 0.4 mm diameter and 0.2 mm hole size
+ Trace width/clearance: 0.1/0.1 mm

@ MICROCHIP



The figures below illustrate various escape pattern designs.

Figure 3-2. SAM9X7 Series Top Layer Example - Signal

Escape Pattern
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Figure 3-3. SAM9X7 Series Layer 2 Example - Ground
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Figure 3-4. SAM9X7 Series Layer 3 Example - Signal
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AN5871
SAM9X7 Series

Figure 3-6. SAM9X7 Series Layer 5 Example - Ground
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The decoupling capacitors should be placed on the bottom, as close as possible to the vias

connecting the power pins of the MPU. An example of such placement can be seen in the following
figure.

Figure 3-8. SAM9X7 Series Decoupling Capacitors Placement Example

@ MICROCHIP
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4. SAMA7G54

The SAMA7G54-V/7EW MPU is available in a 375-ball Thin Fine-Pitch Ball Grid Array (TFBGA) package
with a 9x9 mm body size and a 0.4 mm ball pitch.

4.1 PCB Stack-Up

A minimum of eight layers is required to ensure proper connectivity for signals and power. The
following figure shows an example of an 8-layer stack-up.

Each layer can be assigned as follows:

+ Layer 1 (Top) - Signal

Layer 2 (Inner) - Ground

Layer 3 (Inner) - Signal

Layer 4 (Inner) - Power

Layer 5 (Inner) - Signal

Layer 6 (Inner) - Signal

Layer 7 (Inner) - Ground

Layer 8 (Bottom) - Signal

Figure 4-1. SAMA7G54 8-Layer PCB Stack-Up Example

8 Layer Stack Legend

Material Layer Thickness Dielectric Material Type

% W %— Copper L1-Top 0.035mm Signal
i
l: y }7 Prepreg 0.085mm 1 x 1080 Dielectric
1]
TR A W Copper L2- GND 0.035mm Signal
Core 0.127mm FR-4 Dielectric
% Copper L3 - Signal 0.035mm Signal
l: : }— Prepreg 0.381mm 3 x 2116 Dielectric
% Copper L4 - PWR 0.035mm Signal
Core 0.127mm FR-4 Dielectric
% Copper L5 - Signal 0.035mm Signal
|: }7 Prepreg 0.381mm 3 x 2116 Dielectric
Copper L6 - Signal 0.035mm Signal
Core 0.127mm FR-4 Dielectric
R Copper L7 - GND 0.035mm Signal
1
E g ‘ }— Prepreg 0.085mm 1 x 1080 Dielectric
i
% % % W %— Copper L8 - Bottom 0.035mm Signal

Total thickness: 1.60 mm £ 10%
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4.2

HDI PCB Rules

The high-density BGA package featured by SAMA7G54 requires HDI (High-Density Interconnect) PCB
features such as blind and buried vias, and small trace width and clearance. It also requires the
via-in-pad feature.

The following design rules are recommended for the PCB area below and near the MPU package:
+ Blind and buried vias: 0.25 mm diameter and 0.1 mm hole size

+ BGA land size: 0.25 mm diameter with 0.04 mm solder mask expansion
+ Trace width/clearance: 0.01/0.087 mm

Further away from the MPU package (clearance larger than 5 to 10 mm), more relaxed rules can be
adopted, such as:

* Through hole vias: 0.4 mm diameter and 0.2 mm hole size
+ Trace width/clearance: 0.1/0.1 mm
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Figure 4-3. SAMA7G54 Layer 2 Example - Ground
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AN5871
SAMA7G54

Figure 4-4. SAMA7G54 Layer 3 Example - Signal
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Figure 4-5. SAMA7G54 Layer 4 Example - Power
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Figure 4-6. SAMA7G54 Layer 5 Example - Signal
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Figure 4-8. SAMA7G54 Layer 7 Example - Ground
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The decoupling capacitors should be placed on the bottom, as close as possible to the vias

connecting the power pins of the MPU. An example of such placement can be seen in the following
figure.

Figure 4-10. SAMA7G54 Decoupling Capacitors Placement Example
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5. Revision History
5.1 Rev. A - 03/2025

Initial Release.
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-0828-5

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

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.

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 products are 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.
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Product Page Links
SAM9X60, SAM9X70, SAM9X72, SAM9X75, SAMA7G54
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