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Power and Layout
Considerations for
EMC2105

1 Overview

This application note describes design and layout techniques that can be used to increase the
performance and dissipate the power generated by the EMC2105. The EMC2105 device contains a
fan driver which will cause internal power dissipation and heat generation. In addition, the high noise
environment in which the EMC2105 is designed to operate may contribute unnecessary error to the
temperature measurements.

2 Audience

This application note assumes that the reader is familiar with hardware design and the functionality of
the EMC2105. The goal of the application note is to provide information on thermal management and
noise immunity when using the EMC2105.

3 References

The following documents should be referenced when using this application note:
= SMSC EMC2105 Datasheet

= SMSC Application Note 10.14, “Using Temperature Sensing Diodes with EMC Devices - Remote
Sensors” (AN10.14)

= SMSC Application Note 16.4, “Using Anti-Parallel Diode (APD) with SMSC Temperature Sensing
Devices” (AN16.4)

= SMSC Application Note 18.15, “PCB Design Guidelines for QFN and DQFN Packages” (AN18.15)
= SMSC EMC2105 Reference Design

=  AMKOR Application Note: “Application Notes for Surface Mount Assembly of Amkor’s
MicroLeadFrame (MLF) Packages” (www.amkor.com)

4 Maintaining Accuracy of External Diode Connections

SMSC AN 17.1

The EMC2105 includes an internal temperature sensor along with the ability to measure up to four
external sensors. Temperature measurement is performed by measuring the change in forward bias
voltage of a diode when different currents are forced through the junction. The circuit board itself can
impact the ability to accurately measure these small changes in voltage. Therefore, to maintain the
accuracy of the external temperature channels, apply the guidelines from the “Maintaining Accuracy”
section of SMSC AN10.14. These include layout, device power supply decoupling, capacitor, cabling,
manufacturing, and thermal recommendations for remote diodes.
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4.1 Anti-Parallel Diode Support

The EMC2105 has Anti-Parallel Diode (APD) capability on several remote diode channels. This
feature, illustrated in Figure 4.1 below, allows two 2N3904 type diodes to be measured on one pair of
DP/DN pair. Routing and capacitor guidelines for APD applications are available in SMSC AN16.4.

EMC2105
Anti-Parallel Diode
Circuit DP2/DN3 | Temp

18-100pF __ 2200pF _L_ Monitor
DNP (tye.) DN2 / DP3
D3 D2

Figure 4.1 Anti-Parallel Diode Configuration

5 Power Considerations

The EMC2105 device contains a high side fan driver rated at 600mA maximum drive current. If the
Fan Driver is fully loaded and driving at the maximum power dissipation, the EMC2105 can dissipate
as much as 0.75W of on-chip power from the 5V supply.

The value of Theta,, for this package is approximately 60°C/W when soldered to a PCB without
utilizing vias to conduct heat away from the die. The thermal resistance can be reduced to a much
lower level with a sufficient quantity and diameter of vias connected to the ground plane.

When the guidelines in this section are followed, the EMC2105 is rated to operate up to an ambient
temperature of 85°C and drive a fan rated up to 5V@600mA in all voltage/current settings.

5.1 Maximum Die Temperature

The maximum rated die temperature for the EMC2105’s fabrication process is 125°C; however, SMSC
recommends designing the thermal solution to maintain a die temperature below 110°C. This will
provide thermal margin for different PCB configurations, via solder-fill variations and solder voids
between the exposed pad and the thermal landing.

Note: The internal temperature sensor will report the average die temperature. This sensor will not
report an accurate ambient temperature when the fan driver is dissipating power. The internal
sensor may be measured to validate the thermal design. See Section 5.3, "Validating the
Thermal Design".

5.2 Thermal Pad Design

The EMC2105's QFN package has an “exposed die paddle” which must be soldered to a thermal
landing on the PCB. The thermal landing must be connected to the PCB ground plane with four 20mil
vias, which results in a Theta , value of approximately 40°C/W. The AMKOR application note provides
details on manufacturability issues such as achieving solder-fill in the vias and minimizing voids due
to gassing. SMSC AN18.15 also provides guidelines for using QFN packages.

Note: SMSC strongly recommends using 20mil vias to minimize die temperature. The larger vias are
especially effective for applications with high power dissipation.

To help conserve routing resources, blind vias may be used to connect the QFN exposed die paddle
to the ground plane. This makes it possible to route other signals under the QFN package on the
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bottom layers of the PCB. If the vias are drilled completely through the PCB, the bottom side pad
diameter may be the minimum allowed by the PCB manufacturing process.

5.3 Validating the Thermal Design

A simple test can be performed to validate the thermal solution. With no other active heat sources on
the PCB, apply a load to the fan driver that results in 1W of power dissipation in the EMC2105. Apply
power to this configuration for 1 hour to allow the temperatures to stabilize and then measure the
ambient air temperature near the EMC2105 and the internal temperature sensor to determine the value
of Theta . The difference between the two temperatures is the thermal solution’s Theta , value.

Power dissipation of 1W can be achieved by applying the following conditions to the Fan Driver. Set
the fan driver voltage to 3.0V (write value 0x99 to register 0x40) and connect a 6 ochm power resistor
from the fan driver to ground.

Note: A power dissipation level of 1W is in excess of the normal operating conditions for this IC;
however, it will not cause permanent damage to the EMC2105 as long the die temperature
does not exceed the maximum rated die temperature of 125°C.

6 5V Linear Fan Driver

The EMC2105’s high side fan driver circuit can provide up to 600mA of current from a 5V supply. The
power dissipation of this circuit is dependent upon the current draw from the load as well as the output
voltage where it is programmed. For linear drive systems, the on-chip power dissipation takes on a
parabolic curve as shown in Figure 6.1.

This illustration assumes a constant load impedance. This is a simple mathematical example only and
does not represent measured performance, nor does it include fan driver Rgy. Most linear fan drive
systems have a non-linear load impedance that is proportional to the fan speed. In addition, there is
a point in the curve where there is not enough energy to maintain the fan magnetic field or electronics
and the fan will stop spinning, reducing the current load to zero. Consult the fan manufacturer for the
voltage/current for the specific fan to be driven.

Fan Driver Internal Power Dissipation vs. Fan Voltage for 8.3
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Figure 6.1 EMC2105 Fan Driver Power Example with Linear Load
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6.1 Fan Driver Layout Considerations

The VDD_5V and FAN_OUT pins may carry currents up to 600mA, so the cross-sectional area of the
associated traces must be large enough to avoid voltage drop or excessive trace heating.

The high side fan driver should obey the following layout guidelines:
1. The 2 VDD_5V signals must be connected together.
2. The 2 FAN_OUT signals must be connected together.

3. The FAN_OUT signals should be loaded with a capacitor to ground. The value of this capacitor
can vary from 10uF to 100uF. This capacitor should be placed as close to the load as possible.

4. The VDD_5V supply should be bypassed with at least a 10uF capacitor to ground and a 0.1uF
capacitor to ground. These capacitors should be placed as close to the device as possible.

5. The FAN pin cannot sink more than 100uA of current; therefore, it should not be loaded with
capacitors, resistors or inductors connected to VDD_5V or any supply higher than the programmed
output voltage.

7 Other Layout Considerations

7.1 EMC2105 Recommended PCB Footprint
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Figure 7.1 EMC2105 Recommended PCB Footprint Design for 20SQFN-4x4 Body
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7.2 Solder Paste Stencil

A better solder joint can be achieved by applying solder paste with a stencil approximately 75% the
size of the solder flag. Various shapes and sizes are used for the opening in the stencil, and an array
of smaller openings is often cut into the solder paste template for QFN packages, as shown in
Figure 7.2. For more details, refer to AMKOR - Application Notes for Surface Mount Assembly of
Ambkor’s MicroLeadFrame (MLF) Packages.

Suggested Solder Paste Patterns
for 4x4mm QFN package

Figure 7.2 Suggested Solder Paste Stencil Patterns for Thermal Landing

Note: The green areas in the solder paste stencil patterns in Figure 7.2 indicate open PCB areas,
while the white areas indicate solder paste.

7.3 General Purpose /O Pins

The GPIO pins should obey the following layout guidelines:

1. The General Purpose I/O pins default as Inputs and should be terminated to some known state if
they are not used. If this is not practical, then the BIOS should configure the not-connected pins
as push-pull outputs.

7.4 General Notes

The remaining pins should obey the following layout guidelines:

1. The following pins are open drain and require a pull-up resistor:

= SMDATA
= SMCLK

= SYS_SHDN
= ALERT

2. The following pin is a programmable 1/O pin and will require pull-ups when used as an open drain
output:

= CLK_IN/GPIO1
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8 Application Note Revision History

Table 8.1 Customer Revision History

REVISION LEVEL & DATE | SECTION/FIGURE/ENTRY CORRECTION

Rev. 0.5 (02-23-11) Document This revision supersedes previous revisions.

Section 3, "References" Added references to the device reference designs,
AN10.14, and AN18.15.

Section 4, "Maintaining Added ref to AN10.14 and removed the Layout
Accuracy of External Diode | section as updated information is covered in that
Connections" updated AN.

Rev. 0.4 (10-04-07) Initial Release

P smsc

80 ARKAY DRIVE, HAUPPAUGE, NY 11788 (631) 435-6000, FAX (631) 273-3123

Copyright © 2011 SMSC or its subsidiaries. All rights reserved.

Circuit diagrams and other information relating to SMSC products are included as a means of illustrating typical applications. Consequently, complete information sufficient for
construction purposes is not necessarily given. Although the information has been checked and is believed to be accurate, no responsibility is assumed for inaccuracies. SMSC
reserves the right to make changes to specifications and product descriptions at any time without notice. Contact your local SMSC sales office to obtain the latest specifications
before placing your product order. The provision of this information does not convey to the purchaser of the described semiconductor devices any licenses under any patent
rights or other intellectual property rights of SMSC or others. All sales are expressly conditional on your agreement to the terms and conditions of the most recently dated
version of SMSC's standard Terms of Sale Agreement dated before the date of your order (the "Terms of Sale Agreement"). The product may contain design defects or errors
known as anomalies which may cause the product's functions to deviate from published specifications. Anomaly sheets are available upon request. SMSC products are not
designed, intended, authorized or warranted for use in any life support or other application where product failure could cause or contribute to personal injury or severe property
damage. Any and all such uses without prior written approval of an Officer of SMSC and further testing and/or modification will be fully at the risk of the customer. Copies of
this document or other SMSC literature, as well as the Terms of Sale Agreement, may be obtained by visiting SMSC'’s website at http://www.smsc.com. SMSC is a registered
trademark of Standard Microsystems Corporation (“SMSC”). Product names and company names are the trademarks of their respective holders.

SMSC DISCLAIMS AND EXCLUDES ANY AND ALL WARRANTIES, INCLUDING WITHOUT LIMITATION ANY AND ALL IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, TITLE, AND AGAINST INFRINGEMENT AND THE LIKE, AND ANY AND ALL WARRANTIES ARISING FROM ANY COURSE
OF DEALING OR USAGE OF TRADE. IN NO EVENT SHALL SMSC BE LIABLE FOR ANY DIRECT, INCIDENTAL, INDIRECT, SPECIAL, PUNITIVE, OR CONSEQUENTIAL
DAMAGES; OR FOR LOST DATA, PROFITS, SAVINGS OR REVENUES OF ANY KIND; REGARDLESS OF THE FORM OF ACTION, WHETHER BASED ON CONTRACT;
TORT; NEGLIGENCE OF SMSC OR OTHERS; STRICT LIABILITY; BREACH OF WARRANTY; OR OTHERWISE; WHETHER OR NOT ANY REMEDY OF BUYER IS HELD
TO HAVE FAILED OF ITS ESSENTIAL PURPOSE, AND WHETHER OR NOT SMSC HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Revision 0.5 (02-23-11) SMSC AN 17.1

6
APPLICATION NOTE



	1 Overview
	2 Audience
	3 References
	4 Maintaining Accuracy of External Diode Connections
	4.1 Anti-Parallel Diode Support
	Figure 4.1 Anti-Parallel Diode Configuration


	5 Power Considerations
	5.1 Maximum Die Temperature
	5.2 Thermal Pad Design
	5.3 Validating the Thermal Design

	6 5V Linear Fan Driver
	Figure 6.1 EMC2105 Fan Driver Power Example with Linear Load
	6.1 Fan Driver Layout Considerations

	7 Other Layout Considerations
	7.1 EMC2105 Recommended PCB Footprint
	Figure 7.1 EMC2105 Recommended PCB Footprint Design for 20SQFN-4x4 Body

	7.2 Solder Paste Stencil
	Figure 7.2 Suggested Solder Paste Stencil Patterns for Thermal Landing

	7.3 General Purpose I/O Pins
	7.4 General Notes

	8 Application Note Revision History
	Table 8.1 Customer Revision History


