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Factorized Power with VI Chips® enables system density to keep pace with technology by providing
layout flexibility and high power density. More importantly, VI Chips allow a power conversion system
to be “factorized” or separated into its constituent functions. A small, dense and efficient VTM™
Current Mulitplier is deployed at the Point-of-Load, minimizing the high current within a board and
performing the voltage transformation and isolation functions of a power system. The regulation
function is performed by the PRM™ Regulator which can be located away from the VTM in a less
space-constrained area of the motherboard, or on another board altogether. Since there are many
advantages to the layout flexibility afforded by Factorized Power and VI Chips, some basic guidelines
should be utilized when designing a system with these power components.

The Importance of Board Layout

Board layout is crucial to the success of any application, both from the perspective of the power supply
and the actual load. A good layout optimizes the overall system performance. A poor layout may result
in power supply instability, low efficiency, noise or data corruption throughout the system. Improper
design of high-current connections may result in unexpected board heating resistive losses. It may also
result in parasitic spikes which occur during transient loading.

Routing power control signals is frequently one of the most overlooked aspects of system design—
much care is taken with respect to proper layout of sensitive digital and analog signals for most

system components while the critical signals interfacing with the power system are typically routed
based on convenience, not proper design guidelines. Finally, Electromagnetic Interference (EMI) can
degrade the performance of an otherwise well designed system. While there is no proven methodology
to eliminating EMI from a power system, there are several guidelines for reducing EMI which

will be covered.

Low DC Impedance Layout at the Point of Load
Ideal layout of copper planes at the point of load is dependent upon the type of loading being applied.

There are essentially two types of high-current, low-voltage load configurations: a) single device
high-current load (Figure 1) and b) multiple devices powered by a single low-voltage rail (Figure 2).
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Figure 1
Single Device High
Current Load

Figure 2

Multiple Devices
Powered from Single Low
Voltage Rail

Figure 3

A Square will have the Same
Edge to Edge Impedance
Regardless of Size

Figure 4
Current Flow Through a Plane
Broken Into Squares
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For typical low-voltage, high-current applications DC impedance and AC impedance (inductance)
must be minimized.

Minimizing DC impedance in a board layout requires an analysis using squares to determine the
geometry and the impedance of the interconnect.

0.641 mQ
edge to
edge
0.641 mQ 0.641 mQ
edge to edge to
edge edge

A square of 1oz copper will have a resistance of 0.641mQ between parallel edges, regardless of square
dimension (Figure 3). It is important to note that the current must originate and flow evenly from edge
to edge of the square. If the geometry of the source or load is such that current would not flow evenly
from edge to edge of the square, the square geometry must be reduced in size (Figure 4).
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Figure 5
A Trace Path is Easily Broken
Down Into Squares

Figure 6
Current Flow Through a Plane
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There are five steps to determining the DC board loss for a single high current microprocessor load:

1.

Determine the current path between source and load. If the source and load are connected by a
trace, the current path is the trace path (Figure 5).

Source 20 mil trace Load

If the source and load are connected by a plane, the current will take the shortest path (Figure 6).
As illustrated in Figure 6, the current path may end up with a fan-shaped characteristic if the source

and sink geometries have different sizes. Also keep in mind that the positive and negative current
paths may be routed differently.

Load

Source

Current Flow

=

Break the current path up into a number of squares of integral size. As illustrated in Figure 5, if

the trace width is 20mils, the current path can be broken up into a series of 20mil squares for the
length of the trace. If the current path is through a plane as shown in Figure 6, the shape should be
re-constituted using an array of squares that are small enough to reasonably represent its

original shape.

Calculate the total number of squares. Per the connection shown in Figure 5, this would be the sum
of the squares in the current path. For Figure 6, parallel squares would be summed as the reciprocal
of the number of squares in parallel. For example, two squares in parallel would count as a half
square, four squares in parallel would count as a quarter square, etc.

Calculate the resistance of the current path. Using the rule that a square of 10z copper is 0.641mQ,
multiply this by the calculated number of squares for the total resistance. If there is more than 1oz
total copper, this number decreases proportionally. Likewise if there is less than 1oz total copper,
this number should increase proportionally.
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Figure 7

Current Flow to Multiple Load
Points; Three Squares Carrying
Current to Load 1 and 2, Three
Additional Squares Carry
Current Exclusively to Load 1, Six
Additional Squares Carry
Current Exclusively to Load 2
and Five Squares Carry Current
to Load 3

Figure 8
Minimizing Loop Area
Lowers AC Impedance
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5. Multiply this number by the maximum current squared to calculate the distribution loss in watts for
this current path.

Steps 1-5 should be repeated for each current carrying segment between source and load. If there are
multiple points of load (for example one VI Chip® is powering five or six devices in different locations),
steps 1 — 5 should be performed separately for common current paths (using total current) and unique
current paths (using the current flowing to the particular device). This is illustrated in Figure 7.
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Low AC Impedance Layout at the Point of Load

The AC impedance of the path from the output of the VTM™ to the point of load is critical in
applications where a good transient response is required. The leading edge of the transient response is
determined by Equation 1.

dIL

\% L'7 (])

TRANS ~—

In this equation, IL represents the load current and L represents the inductance between the
source and the load.

To limit this inductance, source and return currents should flow as close to each other as possible to
maximize cancellation of the respective magnetic fields. Inductance is primarily a function of loop area
— the greater the area between the source and return currents, the less cancellation of flux and the
greater the overall inductance (Figure 8).
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Figure 9
VTM Package
(Bottom View)

Figure 10
Low Induction
VTM Interconnect
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The VTM™ package design limits parasitic inductance (Figure 9) by alternating pads of source (+Voyr)
and return (<Vgy7). However, even here there is imperfect cancellation of currents, resulting in a parasitic
inductance term. This term can be minimized by terminating Voyt+ and Voyr— planes on the PCB as
close as possible (Figure 10) and interleaving Voyur+ and Vour— planes between the VTM and the load.
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With this type of layout, it is possible to achieve interconnect inductance as low as 400pH for the VTM

full size package.

Other recommendations for low AC impedance are:

1.

PRM - VTM Layout

We now review the layout of signal and power interconnections for a PRM™ and VTM system.

The VTM should be placed as close to the point of load as possible.

PRM Control Signals: OS, SC, CD

Use vias between and behind J-leads to conduct current to the inner interleaved layers. Vias can
also be placed in front of the J-leads to further decrease DC impedance but the pads should be
tapered and as small as possible to limit AC impedance.

Interleave copper planes as much as possible. If it is not possible to dedicate planes to Voyr+ and
Vour—, the traces or sub-planes should be routed on top of each other as opposed to side by side.

Use high frequency bypass capacitors at the point of load to decouple the parasitic inductance
from the load. These capacitors should be placed in line with the current flow, and should be of a
low ESL / ESR type.

The PRM pins are shown in Figure 11. It has a number of control pins which control the output voltage

set point and compensation as a function of load when used in the Adaptive Loop mode.
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Figure 11
PRM Package
(Bottom View)

Figure 12

Shielding Signals from
Power Traces Improves
Noise Immunity
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These control pins are high impedance and are susceptible to noise pick up. The primary pins of concern
are: PR, OS, SC, CD, VC and to a lesser extent PC. All with the exception of PC have a direct connection
to the regulation control loop.

" VC
PC
™
]

C] NC
Ll PR

1 +IN

Resistors used to set the device output (OS, CD) should be located as close to their respective PRM™
ports as possible to minimize noise pick up. Increase noise immunity by shielding these signals from
the power signals. This shield plane should be made part of the PCB as shown in Figure 12. If these
components cannot be placed adjacent to the PRM, a local bypass capacitor of ~200pF should be used
to attenuate any high frequency components. This device forms the regulation stage, so it is the most
sensitive to layout issues when compared to the VTM™.

PCB

Signal Ground

Power Signal

PRM Control Signal: PR

The PR signal is used to parallel multiple arrays of PRMs or PRM / VTM pairs. There are special
considerations that need to be implemented in the layout of a VI Chip® array that are discussed at
length in the Application Note “Paralleling PRMs and VTMs".

PRM, VTM and BCM Control Signal: PC

PRMs, VTMs, and BCMs® all have a PC (primary control) port which is used to enable and disable the
device. This port is important in that it is designed to interface with external application specific devices
(such as the load, or a microcontroller, or some other device which sequences power supplies). A typical
application may route the PC signal a considerable distance across the printed circuit board, so care
must be taken. The PC signal, especially compared with the control signals OS, CD, SC and PR is quite
noise immune. However, capacitive coupling from neighboring high voltage switching traces could
result in noise on the PC pin.
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This noise, if it is great enough could cause the device (PRM™, VTM™ or BCM®) to disable. To eliminate
this, the PC pin should not be routed under or beside traces which have a high switching (dV/dt) signal
on them. Keep in mind that other modular power devices may have high voltage switching inside

(as an example, the PC trace should not be routed under the primary side of a high voltage BCM, as
shown in Figure 13). If routing near high switching traces or devices is absolutely necessary, Faraday
shielding using the —IN return for the VTM and BCM, and the SG for the PRM should be employed, also
shown in Figure 13.

Poor Routing

Figure 13
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PRM / VTM Interconnect Signal: VC

The VTM has one control node, VC, which is used with the PRM to achieve voltage compensation as a
function of load when the pair is used in the Adaptive Loop mode. This signal should be routed close to
the PRM —QUT trace, which serves as the return for this signal. Shield the signal by routing it between
two layers connected to SG. Ferrite beads (33Q @ 100MHz) can be installed in the VC line and —IN line
to provide some very high frequency attenuation.

PRM / VTM Power Interconnect

One of the major advantages of Factorized Power is the ability to locate the VTM at the point of load
while at the same time minimizing the power interconnect from the PRM. This is accomplished by
having the PRM provide a relatively high output voltage of ~48Vp to the VTM. In such a way,

a 150W / 100A load can be supported by only providing ~3A to the point of load VTM.

For loads using a VTM, the interconnect impedance between PRM-VTM seen at the point-of-load
follows Equation 2.

Z Z

= °
LOAD PRM —VTM

K (2)
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Here Kis the transformation ratio of the VTM™ defined as the output voltage divided by the input
voltage. Equation 2 is valid for impedance values from DC to ~1MHz. Beyond this, the internal
impedance of the VTM plays a role.

Equation 2 indicates a geometric relationship between K factor and reflected impedance. For a

K =1, the load impedance is equal to the interconnect impedance. For a K = 1/32, however, the load
impedance is seen as 1/1000th of the interconnect impedance. Thus if a K = 1/32 VTM were used, 1Q
of PRM-VTM interconnect impedance would look like TmQ of source impedance at the point of load.

Since the source impedance is reduced at the point of load by the VTM, the power interconnections
between PRM™ and VTM can be made smaller (with higher impedance) with little effect on load
characteristics. However, traces should always be sized to dissipate as little power as possible. Parasitic
inductance should also be minimized where possible.

One final note concerns output and input ripple voltage. Since the PRM and VTM are both power
conversion devices operating at a specific switching frequency, they both provide a characteristic ripple
voltage on the input and output bus. Since PRM and VTM switch at similar but different frequencies,
there is the possibility of low frequency “beats” to show up on the factorized bus. To attenuate beat
frequencies and the potential of issues both in the control loop and application, it is recommended that
a small amount of inductance be placed between the PRM and VTM. A 0.4pH inductor placed in series
with the +OUT of the PRM and the +IN of the VTM sufficiently attenuates high frequency currents in
most applications.

Layout for EMI Minimization

Here are some brief layout guidelines to minimize the effects of conducted and radiated noise. Actual
filter and shield design is covered in a separate application note. Here the layout of components to
minimize conducted and radiated EMI will be discussed.

Both PRM and VTM components are 1 — 2MHz switching converters. Since Zero-Voltage-Switching
(Z2VS) and Zero-Current-Switching (ZCS) techniques are used, the level of conducted and radiated noise
is significantly lower than conventional hard switching supplies.

Differential mode noise is AC voltage that appears between Vy+ and Viy— (or Voyr+ and Vo) of the
converter. For the PRM and VTM both common and differential-mode noise has a strong component at
1 — 2MHz and smaller high frequency components beyond 10MHz. Typically downstream Pol converters
(such as niPoLs) will show with strong fundamentals between 100 and 500kHz.

Common and differential-mode filtering components should be sized and located to attenuate the
1 — 2MHz fundamental. Shunt and serial attenuation components (capacitors and inductors) should be
located close to the VI Chip®.

Very important to controlling conducted noise is radiated noise. Radiated noise is AC voltages that
are induced by Electromagnetic fields. Electromagnetic fields are generated by AC currents traveling
through a conductor (such as a copper trace, plane, or wire). The ability of a conductor to radiate is
based on its its length, the current which it is carrying, and the frequency of the AC current. Radiated
noise is also caused by magnetic fields from transformer or inductor components coupling with a
nearby conductor.

Radiated and conducted noise are linked since one may easily cause the other. Filtering components
components should be placed close enough to the VI Chips such that they attenuate conducted noise,
however not so close as to allow radiated noise to bypass or couple into them. Surrounding metal may
act as a shield to protect noise sensitive components, but also as a conduit that would re-direct noise to
another part of the circuit.
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The following are some simple layout guidelines for reducing EMI effects.

1.

Limit high frequency differential current travel within the PCB. Filtering and high frequency bypass
capacitors should be located as close to the module as possible. The 1 — 2MHz ripple component
should be well filtered, particularly if it is traveling more than 1 — 2 inches (i.e., the PRM™ and
VTM™ are separated by more than 2 inches).

Common-mode bypass should be local to the VTM and should be bypassed to a grounded shield
plane located directly under the VTM. This will return capacitively coupled common-mode switch
currents local to the VTM and limit the extent to which they couple into other planes.

A combination of series- and shunt-attenuation practices should be used. Shunt attenuation should
provide a low impedance return path for noise currents. Series attenuation should increase the
impedance of the path from the module (noise source) back to the power source.

Noise sensitive components should not be located directly above the PRM or VTM. Both VI Chip®
components have a closed magnetic field present directly above and below the package. 1 — 2MHz
noise may be coupled into components that intercept this field.

Self-resonance frequencies of bypass components should be well known. It is possible that a bypass
capacitor may self-resonate at a frequency close to the switching frequency of the PRM or VTM.
Generally ceramic or film capacitors have a very high Q. Series resistive damping may need to be
considered in some applications.
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Conclusion

Good layout practices are crucial for designing a small, dense system that performs optimally for a given
application. However, with the deployment of power components among sensitive load components,
care must be taken in designing a system, both to optimize the layout of the load components and

the power system.

A few basic guidelines in laying out a PRM™ and VTM™ will provide the basis for a quiet, efficient
and dense system.

Vicor Applications Engineers are experts in applying VI Chip® components to a large range of
applications. Vicor Applications Engineering is available as needed to conduct reviews of layouts using
VI Chip components and provide recommendations and feedback at any stage in the design cycle.
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Limitation of Warranties

Information in this document is believed to be accurate and reliable. HOWEVER, THIS INFORMATION

IS PROVIDED “AS IS” AND WITHOUT ANY WARRANTIES, EXPRESSED OR IMPLIED, AS TO THE
ACCURACY OR COMPLETENESS OF SUCH INFORMATION. VICOR SHALL HAVE NO LIABILITY FOR THE
CONSEQUENCES OF USE OF SUCH INFORMATION. IN NO EVENT SHALL VICOR BE LIABLE FOR ANY
INDIRECT, INCIDENTAL, PUNITIVE, SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING, WITHOUT
LIMITATION, LOST PROFITS OR SAVINGS, BUSINESS INTERRUPTION, COSTS RELATED TO THE REMOVAL
OR REPLACEMENT OF ANY PRODUCTS OR REWORK CHARGES).

Vicor reserves the right to make changes to information published in this document, at any time
and without notice. You should verify that this document and information is current. This document
supersedes and replaces all prior versions of this publication.

All guidance and content herein are for illustrative purposes only. Vicor makes no representation or
warranty that the products and/or services described herein will be suitable for the specified use without
further testing or modification. You are responsible for the design and operation of your applications
and products using Vicor products, and Vicor accepts no liability for any assistance with applications or
customer product design. It is your sole responsibility to determine whether the Vicor product is suitable
and fit for your applications and products, and to implement adequate design, testing and operating
safeguards for your planned application(s) and use(s).

VICOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE IN LIFE SUPPORT,
LIFE-CRITICAL OR SAFETY-CRITICAL SYSTEMS OR EQUIPMENT. VICOR PRODUCTS ARE NOT CERTIFIED
TO MEET ISO 13485 FOR USE IN MEDICAL EQUIPMENT NOR ISO/TS16949 FOR USE IN AUTOMOTIVE
APPLICATIONS OR OTHER SIMILAR MEDICAL AND AUTOMOTIVE STANDARDS. VICOR DISCLAIMS
ANY AND ALL LIABILITY FOR INCLUSION AND/OR USE OF VICOR PRODUCTS IN SUCH EQUIPMENT OR
APPLICATIONS AND THEREFORE SUCH INCLUSION AND/OR USE IS AT YOUR OWN RISK.

Terms of Sale

The purchase and sale of Vicor products is subject to the Vicor Corporation Terms and Conditions of Sale
which are available at: (http://www.vicorpower.com/termsconditionswarranty)

Export Control

This document as well as the item(s) described herein may be subject to export control regulations.
Export may require a prior authorization from U.S. export authorities.

Contact Us: http:/www.vicorpower.com/contact-us

Vicor Corporation
25 Frontage Road
Andover, MA, USA 01810
Tel: 800-735-6200
Fax: 978-475-6715
WWW.vicorpower.com

email
Customer Service: custserv@vicorpower.com
Technical Support: apps@vicorpower.com

©2017 Vicor Corporation. All rights reserved. The Vicor name is a registered trademark of Vicor Corporation.
All other trademarks, product names, logos and brands are property of their respective owners.
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