PolarFire FPGA Package Fanout Application Note :
A8\ MicrocHIP

POIarFire FPGA PaCkage FanOUt (Ask a Question)

Microchip offers Field Programmable Gate Array (FPGA) devices with the following three pitch sizes: 0.5 mm, 0.8
mm and 1 mm. The density, complexity, and type of routing differ across devices based on the application and
size of the board. This application note provides information about the number of layers, cost implications, the

size of pads and vias for different package sizes.

Important: For accurate information, contact the Printed Circuit Board (PCB)
manufacturer.
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Pitch Size
1. PitCh Size (Ask a Question)
The following figure illustrates the pitch size between the adjacent pads in a device package.
Figure 1-1. Pitch Size
Pitch Size (1 mm, 0.8mm, 0.5 mm)
Application Note DS00005672A - 3
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2. Pad Recommendation (s auestion
There are two types of Ball Grid Array (BGA) pads:

Non-Solder Mask NSMD type of pads help to achieve balanced stress on solder joints.
Defined (NSMD)

Solder Mask Defined The solder mask essentially defines the boundaries of the pad.
(SMD).

Important: Microchip recommends NSMD type of pads for all the devices.

The following figure illustrates the two BGA types.

Figure 2-1. BGA Pad Types

PCE PAD

SOLDER MASK
NSMD SMD
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3.1

3.2

Types Of ROUﬁ ng (Ask a Question)

The device has routing to all four directions for different signals. There are two types of signal
fanouts: Single-Trace Breakout and Dual-Trace Breakout.

Single-Trace Breakout (askz question)

In single-trace breakout, a single trace is fanned out between two pads on the outer layers and two
fanout vias on the internal signal layers, as illustrated in the following figure.

Figure 3-1. Single-Trace Breakout

A single-trace breakout has high amount of copper-to-copper clearance. Therefore, it does not need

an advanced technology for PCB fabrication. The per-layer cost for copper etching is less than that
of dual-trace breakout.

Dual-Trace Breakout (aska question)

Dual-trace breakout employs two signal traces between two BGA pads on the outer layers, and two
traces between two fanout vias on the internal signal layers, as illustrated in the following figure.

Important: Dual-trace breakout is only possible with 1 mm pitch packages. For
smaller packages, the space between two pads/vias might not be sufficient to
route two traces, and PCB fabrication is costly.
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Figure 3-2. Dual-Trace Breakout

This kind of fanout needs very precise control for copper clearance and trace width, therefore,
costing more than the single-trace breakout.

Important: No blind or buried via technology is employed for the fanout.

Table 3-1. Signal Layer Requirements

BGA Pins Pitch Size (mm) Number of Signal Layers Needed

— — Dual Trace Single Trace
484 0.8 3 4
484 1.0 2 4
536 0.5 — 3
784 1.0 5
1152 1.0 6
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4. Layout Consideration (s auestion)
The number of layers depend on the number of signals routed from the package.
In Microchip's FPGA devices, the signal pins constitute about 55-65% of the total pins in the package.

The number of layers increases linearly with the number of signal pins to be routed. In applications
with space constraints, the trace width can be narrowed down to route multiple traces between two

pads/vias.

Important: Though this approach accommodates more traces in the BGA area,
it causes impedance discontinuity in that region and increases crosstalk between

the signals.

O Tip: Microchip recommends contacting the signal integrity engineers if a
= narrowing down approach is followed.
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5- StaCk'Up DESign (Ask a Question)

A good stack-up design leads to better performance. The number of layers in the stack-up depends
on the following factors:

+ The board's form factor
« The number of signals to be routed
+ Power requirements

Based on these factors, the designer chooses how many layers the board requires.

The upper-power layers must be used for high-priority supplies. High-switching current supplies
should be placed vertically close to the devices to decrease the distance that the current needs
to travel through the vias. Ground planes should be placed adjacent to the high-transient current
power planes to reduce inductance and to provide decoupling of higher frequency noise.

It is good to have power and ground layers side-by-side so that the inter-plane capacitance provides
better decoupling at high frequencies. The effect of vias on power pins is reduced by placing a
power plane near the device. Signal integrity depends on how well the traces have controlled
impedance, so it is always recommended to have controlled impedance.

Q Tip: Microchip recommends that all critical high-speed signals, such as DDR and
transceiver PCle signals, have a solid ground reference. These signals should

be separated from each other by a good distance, ground, or power planes.
This minimizes crosstalk and provides balanced and clean transmission lines
with properly controlled characteristic impedance between devices and other
board components. For the best performance, use dedicated ground plane layers
that are continuous across the entire board area. Power planes can provide an
adequate reference; however, the power planes should be related to the signals
they serve to reference.

Important: Do not use unrelated power planes as a signal reference.

Slots should not interrupt the planes, or else they can force current to find an alternate return path.
This undesired return path may cause a localized bounce on the power or ground plane that can be
capacitively coupled to all signals adjacent to the planes

For example, the FC484 1.0 mm package features a single-trace breakout. The layers required for
FC484 package are the following:

+ Signal layers: 4
« Power plane: 2
* Ground layer: 4

Table 5-1. Sample Stack-Up Layers

Layer No. Via Description Layer Name | Material Type | Dielectric Dielectric Copper
Constant Thickness Thickness
3.3 0.5

Solderm... Dielectric

1 8 Signal Top/Signal Conductive 1.4
Prepreg Dielectric 43 3

2 Plane GND Conductive 1.4
Core Dielectric 43 5
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........... conﬂnued

Layer No. Description Layer Name | Material Type | Dielectric Dielectric Copper
Constant Thickness Thickness

Signal Signal Layer  Conductive
Prepreg Dielectric 4.3 5
4 Signal GND Conductive 1.4
Core Dielectric 4.3 5
5 Plane VDD/Power  Conductive 1.4
Supply
Prepreg Dielectric 4.3 18
6 Plane VDD/Power Conductive 1.4
Supply
Core Dielectric 4.3 5
7 Signal GND Conductive 1.4
Prepreg Dielectric 4.3 5
8 Signal Signal Layer  Conductive 1.4
Core Dielectric 4.3 5
9 Plane Ground Conductive 1.4
Prepreg Dielectric 4.3 3
10 Signal Bottom/Signal Conductive 1.4
Solderm... Dielectric 33 0.5
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6- Pinout (Ask a Question)

Some pins in these devices are assigned with specific functionality, such as JTAG and clock inputs.
For these pins, the routing constraints are fixed, and swapping is not allowed.

For the DDR interface, the software defines the pin functionality, and limited swapping support is
available.
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7.1

7.2

7.3

Fabrication Technology (s« auestion)

Refers to the process and materials used to manufacture semiconductor devices. For fabrication,
the following aspects must to be considered:

+ Aspect Ratio
* Micro Via and Back-Drilled Via
* Viaon Pad

Aspect Ratio (Ask a Question)

Aspect ratio is the ratio of thickness of the board, and maximum drill diameter of the Plated
Through Holes (PTH) that are used on the board. By traditional PCB fabrication methods, the aspect
ratio must not be more than 1/10. This means the PTH diameter on the board must be 1/10 of the
board thickness or more. When a smaller via hole is required, blind and buried via on PCB must be
used. The drill hole is usually 3 mils wider than the required diameter, as the via plating process
reduces the drill diameter by 3 mils.

Important: For accurate aspect ratio, contact the fabrication vendor.

Micro Via and Back-Drilled Via (aska question)

The use of blind and buried vias for signals increases the cost of PCB compared to PTH via, as the
micro via needs more precise tolerance control on the PCB for drilling and copper clearance.

In some applications, the PTH via needs to be drilled from one end of the board to get rid of
extra via stub on high frequency signals. The back drilling increases the cost of PCB because of the
increase in fabrication complexity.

Via on Pad (Ask a Question)

The use of via on pad increases the cost of PCB because of the extra fabrication cycle of PCB, as it
requires copper plating to cover the via on the pad. The pad is used to mount the components. The
addition of micro vias, via-in-pad, and layers increase the PCB cost.

Important: For information about the PCB fabrication costs, contact the PCB
fabrication vendor.
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8. Routing Guidelines for 1 mm Pitch Packages (s«aauestion)

The following figures illustrate the routing guidelines for fabricating 1 mm pitch packages, such as

FC1152 and FCG484.

Figure 8-1. Single-Trace Breakout Between Two Balls (mils)
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Figure 8-2. Dual-Trace Breakout Between Two Balls (mils)

3

20.08

3

19

@ MICROCHIP

39.37



https://microchipsupport.force.com/s/newcase?pub_guid=GUID-7FDF1450-875E-44EE-B2F5-78157F0C7F0D&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-C4CF8B7C-68BA-4F5E-8732-7D0BE2204330&cover_title=PolarFire%20FPGA%20Package%20Fanout%20Application%20Note&tech_support_link=NA&revision_letter=A&source=PDF&title=Routing%20Guidelines%20for%201%20mm%20Pitch%20Packages&devices=

Figure 8-3. Single-Trace Route Between Two Vias (mils)
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Figure 8-4. Double-Trace Route Between Two Vias (mils)
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8.1

Single-Trace Breakout for FC1152 (aska auestion)

The following figures illustrate the single-trace breakout for FC1152.

Figure 8-5. Layer-1, Single-Trace Breakout (1 mm Pitch)
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Figure 8-6. Layer-2, Single-Trace Breakout (1 mm Pitch)
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Figure 8-7. Layer-3, Single-Trace Breakout (1 mm Pitch)
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Figure 8-9. Layer-5, Single-Trace Breakout (1 mm Pitch)
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Figure 8-10. Layer-6, Single-Trace Breakout (1 mm Pitch)
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8.2 Dual-Trace Breakout for FC1152 (aska question)
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The following figures illustrate the dual-trace breakout for FC1152.
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Figure 8-11. Layer-1, Dual-Trace Breakout (1 mm Pitch)
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Figure 8-13. Layer-3, Dual-Trace Breakout (1 mm Pitch)
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8.3 Single-Trace Breakout for FCG784 (ask question)
The following figures illustrate the single-trace breakout for FCG784.
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Figure 8-15. Layer-1, Single-Trace Breakout (1 mm Pitch)
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Figure 8-16. Layer-2, Single-Trace Breakout (1 mm Pitch)
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Figure 8-17. Layer-3, Single-Trace Breakout (1 mm Pitch)

Figure 8-18. Layer-4, Single-Trace Breakout (1 mm Pitch)
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Figure 8-19. Layer-5, Single-Trace Breakout (1 mm Pitch)

8.4 Dual-Trace Breakout for FCG784 (aska auestion)
The following figures illustrate the dual-trace breakout for FCG784.

Figure 8-20. Layer-1, Dual-Trace Breakout (1 mm Pitch)
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Figure 8-21. Layer-2, Dual-Trace Breakout (1 mm Pitch)

=

A RN et s \.=

------ d:/‘:- o' |0 ()
ﬂ\bl:-oooo- CO
Wbo-ooo- ceseddessce
T eeewvevesssee esscscccescscedioe
e eewwsescecee sscccecccece e
T e s eceeeBesseseeE OG0B RGGNOESOOENLIODS G e

%ll...'

MARXEEEXE)

=
...... e

8.5 Single-Trace Breakout for FCG484 (aska uestion)
The following figures illustrate the single-trace breakout for FCG484.
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Figure 8-23. Layer-1, Single-Trace Breakout (1 mm Pitch)
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Figure 8-24. Layer-2, Single-Trace Breakout (1 mm Pitch)
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Figure 8-25. Layer-3, Single-Trace Breakout (1 mm Pitch)
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8.6 Dual-Trace Breakout for FCG484 (asaquestion)
The following figures illustrate the dual-trace breakout for FCG484.
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Figure 8-27. Layer-1, Dual-Trace Breakout (1 mm Pitch)
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Figure 8-28. Layer-2, Dual-Trace Breakout (1 mm Pitch)
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9. Routing Guidelines for 0.8 mm Package (s« auestion)
The following figures illustrate the routing guidelines for fabricating 0.8 mm pitch packages, such as
FCV484.

Figure 9-1. Single-Trace Breakout Dimensions (mils)
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Figure 9-2. Dual-Trace Breakout Dimensions (mils)
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Figure 9-3. Single-Trace Breakout Between Two Vias (mils)
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9-1 Single‘Trace Breakout for FCV484 (Ask a Question)
The following figures illustrate the single-trace breakout for FCV484.

Figure 9-4. Layer-1, Single-Trace Breakout (0.8 mm Pitch)
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Figure 9-7. Layer-4, Single-Trace Breakout (0.8 mm Pitch)
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9.2 Dual-Trace Breakout for FCV484 (aska auestion)
The following figures illustrate the dual-trace breakout for FCV484.

Figure 9-8. Layer-1, Dual-Trace Breakout (0.8 mm Pitch)
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10. Routing Guidelines for 0.5 mm Package (s« auestion

The following figures illustrate the routing guidelines for fabricating 0.5 mm pitch packages, such as
FCS536.

Figure 10-1. Single-Trace Breakout Dimensions (mils)
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10.1 Single-Trace Breakout for FCS536 (aska question)
The following figures illustrate the single-trace breakout for FCS536.
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Figure 10-2. Layer-1, Single-Trace Breakout (0.5 mm Pitch)

|

Y o——

N\ S 2 72
[ A T X N U XA PP —
——nseaat 22%0 Whesss
e A P R
TTE N (e e NN352 -~

E—— T RXT U TR TROPPXN
ﬁ,,ﬂ,\\\‘” W2 R
/ o o o e ©

{

[ ] -s
ﬁ
."."'3"\' A

—u.'.'."' MWEN NN

""v.-u-. 2% SN0 NN

e RO T R R R I
__\ R -

—N .rus R AR R S oo —
'$ $3%7 NS -:-“'""‘ -

CLANEN 343 NN ——

e \ Ny N\

l —
" 'HH‘ ‘ H'

Figure 10-3. Layer-2, Single-Trace Breakout (0.5 mm Pitch)
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Figure 10-4. Layer-3, Single-Trace Breakout (0.5 mm Pitch)
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11. Revision History s aueston
The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

Table 11-1. Revision History

A 11/2024 The following are the changes in the revision A of the
document:

+ The document was migrated to the Microchip template.
* The document ID was updated from AC462 to AN5672.

1.0 — Initial Revision
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

*  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
+ Fax, from anywhere in the world, 650.318.8044

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: 979-8-3371-0096-8

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.
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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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