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1.0 Introduction

It is commonly known in the power community that powering
microprocessors is becoming more difficult. This brief is
intended to provide a mathematical statement describing
one aspect of this increasingly difficult problem.
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2.0 Background

The power consumption in microprocessors is related to two
factors.

The first of these is termed leakage and constitutes about
one fourth of the overall current draw. Leakage is the result
of steady-state current flowing through all active devices
as sort of a bias current. Leakage is not directly related to
clock speed, but leakage current is growing as a result of
the thinner oxide layers and operations closer to threshold
voltages that are common in high-speed microprocessors.

The second major factor is related to microprocessor clock
speed. Energy is lost every time a microprocessor elemental
device switches between logic levels. This lost energy is
required to charge or discharge the parasitic capacitance
associated with each cell and mathematically can be
expressed as 1/2 CE? where C is the parasitic capacitance
and E is the applied voltage. Since this phenomenon occurs
with each clock cycle, calculating total power loss requires
multiplying the loss by the microprocessor clock frequency
making the power loss equal to 1/2CE?F, where F is the
clock frequency.

With the losses increasing as the square of the applied
voltage, it is clear the most direct path to lowering the overall
power dissipation includes reducing the applied voltage.
This makes it possible to add additional functionality to the
microprocessor, while not increasing the power dissipation.
The physics necessary to reduce the applied voltage is
beyond the scope of this brief, but the need to reduce applied
voltages for microprocessors as the industry moves into the
future is a near certainty.

As can be seen in the next section, reducing the applied
voltage creates a fourth order problem for the circuits
providing power to microprocessors. It is this fourth order
problem that has prompted industry leaders to identify
power as the leading problem affecting efforts to advance
the microprocessor functionality.

3.0 Derivation

For this derivation there are four assumptions:

1) The case under consideration is the worst case scenario
— that being a downward step in current. In fact the limit
case will be used for simplicity where the uP current is
reduced from some fixed current to zero. In this case all
the energy is transferred from the output inductance to the
output capacitance.

2) The circuit contains only a VRM source with an output
inductance L supplying a uP with a bypass capacitor C. With
a MLCC bypass the series resistance and inductance of the
bypass can be assumed to be so small they do not affect
this analysis.

3) The power dissipation is constant. (Note: In reality the
situation is actually may be more severe because the power
dissapaited in the heat sink may actually increase over
time.)

4) The voltage tolerance expressed as a percent of the
supply voltage is small (a few percent) and held constant.
That is, AV/V = constant.

E1 = Energy stored in output inductor = % LI2.
E2 = Energy stored in output capacitor = 2 CV2.

The starting point occurs when the energy in the inductor
is transferred to the capacitor. The analysis is made when
the current drawn from the uP goes to zero. This is a linear
system easily analyzed at a limit condition. Small current
changes will behave according to the same ratios.
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Since CAVZ?is a very small percentage, it is reduced to an
insignificant number and can be removed.
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3.0 Background Continued 4.0 Observations

=CV?+2CVAV The impedance of a VRM output filter must drop radically

as the applied voltage to the microprocessor is reduced.

LI2 = 2CVAV This affects many current aspects of power design. One

such area is the range of output voltage a VRM should be

expected to accommodate. It is common for a VID (voltage

2CVAV . s

L= 3 identification data) table to cover a two-to-one range for

1 output voltage. This is unnecessary, since there is no way for

a VRM to accommodate the concomitant change in output

L_ ZVﬁV impedance. Most VRM vendors already seem to know that
C I

this is not an appropriate voltage range, and some already
optimize the VRM near the expected operating point.

Since power dissipation is a constant (V*| = constant) and
removing all other constants:
L oyiap
C
Since AV/V = constant:
L

_(x:V4

This is the, “Equation of pain”.
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About IKOR

IKOR, an iWatt Company, is a technology-driven supplier of power delivery solutions for original equipment manufacturers
(OEMSs) in the high-end computing, data communications and automated test equipment markets. IKOR products are
designed and manufactured to exceed the rigorous performance, quality, and reliability requirements of our globally-
recognized, top-tier customers.

Patent and Trademark Information

©2006 iWatt, Inc. All rights reserved. iWatt, the iW light bulb, IKOR, and POWER BRICK are registered trademarks of iWatt,
Inc. All other trademarks and registered trademarks are the property of their respective owners.

The products and technology described in this data sheet include intellectual property covered by one or more of the
following U.S. patents: 6,545,450; 6,686,727; 6,696,823. Purchase of this product from IKOR includes a royalty-free license
to use and sell the intellectual property in the customer’s end product on a per-unit basis. In no way does this license extend
to customer end products which do not use this product to implement the intellectual property.

IKOR Contact Information

Web: http://www.ikor-power.com
E-mail: sales@ikor-power.com
Phone: 800-282-6100

Fax: 970-206-0716

IKOR, An iWatt Company
4424 Innovation Drive
Fort Collins, CO 80525 USA

Disclaimer

IKOR reserves the right to make changes to its products and to discontinue products without notice. IKOR makes no
warranties other than those listed in its standard terms and conditions of sale and disclaims any implied warranties of non-
infringement of third-party intellectual property rights.

IKOR is the owner and developer of power supply technology, including but not limited to coupled inductor technology
and designs as described in US patents 6,545,450 6,686,727 and 6,696,823. The IKOR Coupled Inductor Design Guide
provides a reference to implement designs into a VRD solution, using these patented technologies.

Upon request, IKOR may grant non-exclusive, non-transferable license to implement IKOR Product technology in VRD
Designs, or make commercially reasonable efforts to assist in the promotion of the Products to mutually agreed prospective
Customers. All demonstration and promotion of IKOR Product is restricted to approved IKOR designs, and shall be conducted
using the IKOR brand name.

Certain applications may involve potential risks of death, personal injury, or severe property or environmental damage
(“Critical Applications”).

IKOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR USE IN
LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS, OR OTHER CRITICAL APPLICATIONS.

Inclusion of IKOR products in critical applications is understood to be fully at the risk of the customer. Questions concerning
potential risk applications should be directed to IKOR.
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