MICROCHIP K328851 S NL

Hardware Design Checklist

1.0 INTRODUCTION

This document provides a hardware design checklist for Microchip KSZ8851SNL 10/100BASE-T/TX Ethernet controller
that has one copper port and one uplink port that support SPI interface. These checklist items should be followed when
utilizing the KSZ8851SNL in a new design. A summary of these items is provided in Section 11.0, "Hardware Checklist
Summary," on page 11. Detailed information on these subjects can be found in the corresponding section:

« Section 2.0, "General Considerations"

» Section 3.0, "Power"

+ Section 4.0, "Ethernet Signals"

» Section 5.0, "Clock Circuit"

» Section 6.0, "System Application"

+ Section 7.0, "Digital Interfaces"

» Section 8.0, "Startup”

« Section 9.0, "Configuration Pins (Strapping Options)"

+ Section 10.0, "Miscellaneous"

2.0 GENERAL CONSIDERATIONS

21 Required Reference

The KSZ8851SNL implementor should have the following documents on hand:

* KSZ8851SNL Data Sheet (www.microchip.com/DS00002381)

» KSZ8851 Silicon Errata and Data Sheet Clarification (www.microchip.com/DS80000716)
* KSZ8851SNL_HP (Rev1.1).zip (www.microchip.com/KSZ8851)

2.2 Pin Check

Check the pinout of the part against the data sheet. Ensure that all pins match the data sheet and are configured as
inputs, outputs, or bidirectional for error checking.

2.3 Ground

» The ground pins (GND) should be connected to the digital ground, and the analog ground should be connected to
the solid contiguous ground plane as system ground on the board. Separate digital ground and analog ground
planes are not recommended.

+ If using the magnetics and RJ45 connector, a chassis ground should be used for the line side of the magnetics
and the metal case of the RJ45 connector. The system ground and the chassis ground should be tied together by
a ferrite bead. The ferrite bead should be placed far away from the Ethernet device for better ESD and EMI.
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3.0 POWER

» The analog supply (VDD_A3.3) pin on the KSZ8851SNL is pin 16, which requires a connection to VDD_A3.3 (cre-
ated from +3.3V through a ferrite bead).

» KSZ8851SNL VDDIO supports three VDDIO voltages of 1.8V, 2.5V, and 3.3V. Pins 25 and 30 (VDD_IO) should
be connected to one of three VDDIO voltages through a ferrite bead.

» The analog 1.8V core power pin is pin 9, and the digital 1.8V core power pin is pin 23. A ferrite bead is required
between analog 1.8V and digital 1.8V power rail.

» There are two ways to provide 1.8V power: (1) from the internal 1.8V LDO output pin 5 when VDDIO is 3.3V or
2.5V and (2) from the external 1.8V LDO when VDDIO is 1.8V power. When using the external 1.8V LDO, the
VDD_CO1.8 pin 5 should be left floating.

» Be sure to place bulk capacitors on each side of the ferrite beads, and use 0.1 yF capacitors to decouple the
device for all power pins. The capacitor size should be SMD_0603 or smaller.

The power and ground connections are shown in Figure 3-1.

FIGURE 3-1: POWER AND GROUND CONNECTIONS
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4.0 ETHERNET SIGNALS

The KSZ8851SNL has one integrated PHY that is fully compliant with IEEE 802.3u standard to support 10/100BASE-
T/TX Ethernet copper ports.

4.1 KSZ8851SNL Copper Ports Connection

» KSZ8851SNL has one Ethernet copper port. The port is a current driver with external termination resistors and DC
biasing power on the magnetics. Each port connection between KSZ8851SNL and magnetics is illustrated in
Figure 4-1.

» Both center taps, receive (RX) and transmit (TX), of the magnetics on the chip side should be tied to 3.3V analog
power.

 In the Ethernet controller, the RX +/- differential pair should be connected to RJ45 connector pins 1 and 2 through
magnetics, and the TX +/- differential pair should be connected to RJ45 connector pins 3 and 6 through magnet-
ics.

* Two 49.9Q termination resistors and one 0.1 yF capacitor to ground for each differential pair of RX and TX.

FIGURE 4-1: ETHERNET PORT CONNECTION WITH MAGNETICS
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4.2 Chip-Side Magnetics Connection

» The center tap connection on the KSZ8851SNL side for the TX channel should not be connected to VDD_A3.3.
The TX channel center tap and the RX channel center tap of the magnetics should be connected together and
connected to the system ground through common-mode capacitor only. The common-mode capacitor value can
be from 0.1-10 pF.

* When using the KSZ8851SNL device in the Auto-MDI/MDIX mode of operation, use a magnetics module with
identical TX and RX paths.
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4.3 RJ45 Connector Line-Side Magnetics Connection

* In the Controller design:

- Pin 1 of the RJ45 should connect to RX+ of the KSZ8851SNL, and pin 2 of the RJ45 should connect to RX- of
the KSZ8851SNL.

- Pin 3 of the RJ45 should connect to TX+ of the KSZ8851SNL, and pin 6 of the RJ45 should connect to TX- of
the KSZ8851SNL.

» Each center tap connection on the cable side (RJ45) for the TX channel and for the RX channel should each be
terminated with a 75Q resistor through the same 1000 pF, 2 kV capacitor to chassis ground.

» RJ45 pins 4 and 5 should be shorted and then terminated with a 75Q resistor through the 1000 pF capacitor

« to the chassis ground.

» RJ45 pins 7 and 8 should be shorted and then terminated with a 75Q resistor through the 1000 pF capacitor

* to the chassis ground.

» Only one 1000 pF, 2 kV capacitor to chassis ground is required. It is shared by both TX and RX center taps and
four 75Q) resistors.

* The RJ45 connector shield should be tied directly to the chassis ground.

4.4 Alternative Termination Selection for RJ45 Connector

» Pins 4 and 5 of the RJ45 connector interface to one pair of unused wires in CAT-5 type cables. These should be
terminated to chassis ground through a 1000 pF, 2 kV capacitor. There are two methods of accomplishing this:
- Pins 4 and 5 can be connected with two 49.9Q resistors. The common connection of these resistors should
be linked through a third 49.9Q resistor to the 1000 pF, 2 kV capacitor.
- For a lower component count, the resistors can be combined. The two 49.9Q resistors in parallel perform like
a 25Q resistor. The 25Q resistor in series with the 49.9Q resistor causes the entire circuit to function as a 75Q
resistor. An equivalent circuit is created by shorting pins 4 and 5 together on the RJ45 and terminating them
with a 75Q resistor in series with the 1000 pF, 2 kV capacitor to chassis ground.
» Pins 7 and 8 of the RJ45 connector interface to one pair of unused wires in CAT-5 type cables. These should be
terminated to chassis ground through a 1000 pF, 2 kV capacitor. There are two methods for accomplishing this:
- Pins 7 and 8 can be connected with two 49.9Q resistors. The common connection of these resistors should
be linked through a third 49.9Q resistor to the 1000 pF, 2 kV capacitor.
- For a lower component count, the resistors can be combined. The two 49.9Q resistors in parallel perform like
a 25Q resistor. The 25Q resistor in series with the 49.9Q resistor causes the entire circuit to function as a 75Q
resistor. An equivalent circuit is created by shorting pins 7 and 8 together on the RJ45 and terminating them
with a 75Q resistor in series with the 1000 pF, 2 kV capacitor to chassis ground.
» The RJ45 connector shield should be attached directly to the chassis ground.

4.5 Utilization of RJ45 with Integrated LED

» The user can utilize the RJ45 connector with integrated LED components if the product working environment is
not very noisy.

« If the designed product works in an electrically noisy outside environment, it is not recommended to use RJ45 with
integrated LED. This is because the outside interference signal or voltage can be coupled to the LED circuit
through the line side of RJ45, and the LED circuit is directly connected to chip and system power or ground. It is
better to use independent LED components.

« If the user needs to utilize the RJ45 with an integrated LED circuit in an electrically noisy environment, consider
adding TVS diodes to protect the chip.

DS00003436A-page 4 © 2020 Microchip Technology Inc.



KSZ8851SNL

5.0 CLOCKCIRCUIT

5.1 Crystal and External Oscillator/Clock Connections

* X1 (pin 20) is the clock circuit input for the KSZ8851SNL device. This pin requires a capacitor to ground when a
crystal is used. One side of the crystal connects to this pin.

* X2 (pin 21) is the clock circuit output for the KSZ8851SNL device. This pin requires a capacitor to ground when a
crystal is used. One side of the crystal connects to this pin.

+ Since every system design is unique, the capacitor values are system-dependent, based on the C_ specification of
the crystal and the stray capacitance value. Refer to the crystal data sheet for the C, required. The PCB design,
crystal, and layout all contribute to the characteristics of this circuit.

» Alternately, a 25.000 MHz clock oscillator may be used to provide the clock source for the KSZ8851SNL. When
using a single-ended clock source, X1 connects to a 3.3V tolerant oscillator. X2 should be left floating as No Con-
nect (NC). See Figure 5-1.

FIGURE 5-1: CRYSTAL AND OSCILLATOR CONNECTIONS FOR KSZ8851SNL
KSZ8851 KSZ8851
<= +/-50 ppm
25 MHz Crystal
X1 X1
- <= 4/-50 ppm
E Oscillator
X2
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6.0 SYSTEM APPLICATION

In the system design, EEPROM is an option. If the host software or firmware can provide the host MAC address,
EEPROM does not have to be used in the system design. Otherwise, EEPROM should be designed in this system.

FIGURE 6-1: TYPICAL APPLICATION DIAGRAM
Microprocessor KSZ8851SNL
(Host) Ethernet
Controller
SPI SPI TX+-
Master Slave Magnetics RJ45
IIF IIF RX+/- ¢
IRQ |« INTRN -
FC L _ _ _ EEPROM

GPIO [« PME VF
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7.0 DIGITAL INTERFACES

71 SPI Interface Signals and Connection
» See Table 7-1 for KSZ8851SNL SPI pin descriptions.

TABLE 7-1: SPI PIN DESCRIPTIONS
Pin Number SPI Signals Descriptions
4 SCLK Serial clock input from the host CPU for SPI interface. This clock speed can run
up to 40 MHz maximum.
6 Sl Serial data in from host CPU for SPI interface
8 CSN Chip Select Enable (Active low) from host CPU for SPI interface
10 SO Serial data out to host CPU for SPI interface

» The KSZ8851SNL SPI as a slave SPI interface can be connected to a host master SPI for Ethernet packets trans-
mission. In SPI Slave mode, an external SPI master device (microcontroller or CPU) supplies the operating serial
clock (SCLK), chip select (CSN), and serial input data (SI) that is clocked in on the rising edge of SCLK to the
KSZ8851SNL device. Serial output data (SO) is driven out by the KSZ8851SNL on the falling edge of SCLK to the
external SPI master device. The falling edge of CSN is starting the SPI operation, and the rising edge of CSN is
ending the SPI operation. The SCLK stays in Low state when SPI operation is idle. The connection is shown in the

Figure 7-1.

FIGURE 7-1:

HOST CPU SPI MASTER AND KSZ8851SNL SPI SLAVE CONNECTIONS
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7.2 KSZ8851SNL SPI Interface Request

» For the signal integrity, the SCLK signal needs a series termination resistor at drive pin.

» The KSZ8851SNL SPI Serial data output (SO) pin is tri-stated when CSN is negated and this pin must have an
external 1 kQ to 4.7 kQ pull-up resistor. It is recommended to use a 1 kQ pull-up resistor if the SCLK frequency is
higher than 10 MHz, and a 4.7 kQ pull-up resistor if the SCLK frequency is equal or lower than 10 MHz. The SPI
SCLK clock speed can run up to 40 MHz at maximum.

» Provisions should be made for series resistors for all outputs on the SPI interface. Series resistors will enable the
designer to closely match the output driver impedance of the KSZ8851SNL and PCB trace impedance to minimize
ringing on these signals. Exact resistor values are application-dependent and must be analyzed in-system. A sug-
gested starting point for the value of these series resistors are 22Q. See Table 7-2.

TABLE 7-2:

SERIES TERMINATIONS FOR SPI INTERFACE

Signals for SPI Interface

Series Resistors at KSZ8851SNL

Series Resistors at the Host CPU/

Slave Signals/Master Signals SPI Slave Side Microprocessor SPI Master Side
SCLK — 220
SO/SDI 22Q —
SI/SDO — 22Q
CSN/SS# — —
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8.0 STARTUP

8.1 Reset Circuit

* RST_N (pin 19) is an active-low reset input. This signal resets all logic and registers within the KSZ8851SNL. A
hardware reset (RST_N assertion) is required following power-up. Please refer to the latest copy of the
KSZ8851SNL Data Sheet for reset timing requirements. Figure 8-1 shows a recommended reset circuit for power-
ing up the KSZ8851SNL device when reset is triggered by the power supply.

FIGURE 8-1: R/C RESET CIRCUIT FOR KSZ8851SNL POWER-UP RESET

VDDI
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» The reset circuit interface with CPU/FPGA reset output pin shows the recommended reset circuit for applications
where reset is driven by an external CPU or FPGA. The reset-out pin, RST_OUT_N, from CPU/FPGA provides
the warm reset after a power-up reset is done. If the Ethernet device and CPU/FPGA use the same VDDIO volt-
age, D2 can be removed and both reset pins can be connected directly. See Figure 8-2.

FIGURE 8-2: RESET CIRCUIT INTERFACE WITH CPU/FPGA RESET OUTPUT
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9.0 CONFIGURATION PINS (STRAPPING OPTIONS)

There are some strap-in pins to help with the KSZ8851SNL configuration after power-up or hardware reset. The
KSZ8851SNL Data Sheet has complete details on the operation of strapping pins.

9.1 General Strap-In Pins and Others

The recommended pull-up and pull-down resistors values for strap pins are 4.7 kQ and 1 kQ, respectively. Users are
highly discouraged from directly executing a pull-up to power and pull-down to ground without pull-up and pull-down
resistors.

10.0 MISCELLANEOUS

10.1 ISET Resistor

ISET (pin 17) on the KSZ8851SNL should connect to the system ground through a 3.01 kQ resistor with a tolerance of
1.0%. This ISET pin is used to set up critical bias currents for the embedded 10/100 Ethernet physical devices.

10.2 Other Considerations

* Incorporate an SMD ferrite bead footprint to connect the chassis ground to the system ground. This allows some
flexibility at EMI testing for different grounding options if leaving the footprint open keeps the two grounds sepa-
rated. For best performance, short the grounds together with a ferrite bead or a capacitor. Users are required to
place the capacitor/ferrite bead far from the KSZ8851SNL device in PCB layout placement for better ESD.

» Make sure that enough bulk capacitors (4.7-22 uF) are incorporated in each power rail.
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11.0 HARDWARE CHECKLIST SUMMARY

TABLE 11-1: HARDWARE DESIGN CHECKLIST

Section

Check

Explanation

Notes

Section 2.0, "General Consider-
ations"

Section 2.1, "Required Reference"

All necessary documents are on hand.

Section 2.2, "Pin Check"

The pins match the data sheet.

Section 2.3, "Ground"

Verify if the digital ground and the analog ground are tied
together. Check if there is a chassis ground for the line-side
ground.

Section 3.0, "Power"

Section 3.0, "Power"

Check the power connection in Figure 3-1 for the ferrite beads
and the decouple capacitors. The bulk capacitors in 10 pF to
47 pF values are for each power rail, while 0.1 yF capacitors
are attached to each power pin and power rail.

If using 2.5V or 3.3V as VDDIO, can use internal 1.8V LDO
and output 1.8V from pin 5.

If using 1.8V as VDDIO, must be use an external 1.8V LDO to
provide 1.8V voltage.

Section 4.0, "Ethernet Signals”

Section 4.1, "KSZ8851SNL Copper Ports
Connection”

Verify if there are 49.9Q termination resistors on TX and RX
pairs and refer to Figure 4-1 for the copper port connection.

Section 4.2, "Chip-Side Magnetics Connec-
tion"

Verify if the center taps of the magnetics on the KSZ8851SNL
chip side are connected to the VDD_A3.3 3.3V analog power.
The center taps of the magnetics on the chip side should also
have the common mode capacitor to ground.

Section 4.3, "RJ45 Connector Line-Side
Magnetics Connection”

Verify if the line side of the magnetics has two 75Q resistors
through a 1000 pF, 2 kV capacitor connected to chassis
ground that is also linked to the metal case of the RJ45 for the
line side.

Section 4.4, "Alternative Termination Selec-
tion for RJ45 Connector"

If using the solution in Section 4.3, "RJ45 Connector Line-Side
Magnetics Connection", it is not required to check Section 4.4,
"Alternative Termination Selection for RJ45 Connector" that
uses smith termination with 50Q + 25Q resistors.

Section 4.5, "Utilization of RJ45 with Inte-
grated LED"

Use RJ45 with integrated LED if the product working environ-
ment is not very noisy. Otherwise, use an independent LED
solution.

Section 5.0, "Clock Circuit"

Section 5.1, "Crystal and External Oscillator/
Clock Connections"

Verify the usage of 25 MHz max. 50 ppm crystal. The drive
level should be about 100 uW or above (preferably higher). If
using 25 MHz oscillator with maximum +50 ppm, it is better to
use 3.3V power for the oscillator power.

Section 6.0, "System Applica-
tion"

Section 6.0, "System Application”

Refer to Figure 6-1 for design requirement to decide whether
EEPROM is needed.

Section 7.0, "Digital Interfaces"

Section 7.1, "SPI Interface Signals and Con-
nection"

Refer to Table 7-1 and Figure 7-1 to check the signal connec-
tions from output pins to input pins correctly.

Section 7.2, "KSZ8851SNL SPI Interface
Request"

Check if the pull-up resistors are correct. Check if the series
terminations resistors are correct based on Table 7-2.
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TABLE 11-1: HARDWARE DESIGN CHECKLIST (CONTINUED)

Section

Check

Explanation

Notes

Section 8.0, "Startup"

Section 8.1, "Reset Circuit"

Verify if R/C reset circuit is used for a power-up reset. A 10 kQ
resistor and a 10 yF capacitor are recommended. For the
cost-down, the D1 in Figure 8-1 and Figure 8-2 can be ignored
because the RST_N pin has an internal protection diode. For a
warm reset from CPU/FPGA to KSZ8851SNL, D2 can be
removed from Figure 8-1 and Figure 8-2 if KSZ8851SNL and
CPU/FPGA are using the same VDDIO voltage.

Section 9.0, "Configuration Pins
(Strapping Options)"

Section 9.1, "General Strap-In Pins and Oth-
ers"

It is generally recommended to use 4.7 kQ pull-up and 1kQ
pull-down resistor. Avoid pulling up/down to power or ground
directly. If not specified, NC pin should have no connection.

Section 10.0, "Miscellaneous"

Section 10.1, "ISET Resistor"

Check that pin 17 ISET resistor (3.01 kQ, 1%) has no any
capacitor in parallel.

Section 10.2, "Other Considerations"

Incorporate an SMD footprint (SMD_0805-1210) to connect
the chassis ground to the system ground. The SMD footprint
should be placed far from the KSZ8851SNL device in PCB
layout placement.

Incorporate sufficient power plane bulk capacitors (4.7-22 uF)
for each power rail.
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APPENDIX A: REVISION HISTORY

TABLE A-1:  REVISION HISTORY

Revision Level & Date

Section/Figure/Entry

Correction

DS00003436A Initial release.

(03-27-20)

© 2020 Microchip Technology Inc.
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at www.microchip.com. This web site is used as a means to make
files and information easily available to customers. Accessible by using your favorite Internet browser, the web site
contains the following information:

» 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 (FAQ), technical support requests, online discussion
groups, Microchip consultant 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

CUSTOMER CHANGE NOTIFICATION SERVICE

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

To register, access the Microchip web site at www.microchip.com. Under “Support”, click on “Customer Change Notifi-
cation” and follow the registration instructions.KSZ8851SNL

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

» Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support. Local sales

offices are also available to help customers. A listing of sales offices and locations is included in the back of this
document.

Technical support is available through the web site at: http://microchip.com/support
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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 Micro-
chip 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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