RENESAS COMMON INFORMATION

TB500

Computing Power Reference Design Adaptation Guide Rev 0.00
May 19, 2015

Abstract

The goal of this design guide is to aid in rapidly prototyping a new design on an Intersil evaluation board using an existing reference
design provided from an application engineer as a starting point. This procedure will give a solid first pass of a new design with
additional fine tuning and output filter modification required once the end application board is laid out and tested. Use this guide for
quickly checking the feasibility and performance of key parts (e.g., inductors, FETs, bulk caps, etc.) that may differ from those called out
in reference designs against both Intel and Intersil specifications. This is by no means an exhaustive reference to desighing with Intersil
regulators; it is a stepping stone to getting a new design up and running before additional, more thorough, testing can be done.
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Computing Power Reference Design
Adaptation Guide

Assumptions

This guide assumes the following:
* An Intersil evaluation board is being used for testing

* The desired inductor, FETs and/or output capacitors have been
chosen

* A reference design provided by Applications is being used as a
starting point

* DCR sensing

Required Equipment

¢ Oscilloscope

* Digital multimeter

¢ Intel Gen 4 VRTT with appropriate interposer
* R-C substitution box

* V|y and +5V power supplies

* Evaluation board documentation

* Part datasheet

Optional Equipment
« Differential oscilloscope probe for Vout
* Electronic load - more accurate for DC loads than VRTT

* Additional R-C substitution boxes - speed up the process by
changing multiple components at once

 List of standard 1% resistor values

Design Procedure

1. Modify the evaluation board to configure it with the desired
inductor(s), FETs and number of output bulk and ceramic
capacitors.

* Not all ceramic caps are created equal and capacitors from
different vendors do not give the same performance. For
quick design checks, leave the MLCCs used by Intersil on
the board. For more thorough testing, populate the exact
ones to be used in the end application.

2. Leave the compensation components used by the reference
design in place. They should provide a good starting point for
a reasonable range of output filters.

3. Calculate R; using the formula below and solder connections
from the R-C box to the appropriate resistor on the evaluation

board. Dial the box to the 1% resistor value closest to the
calculated result.

R. = Rntcnet *DCR. ICCmax (EQ. 1)

| N-(R

4 sumy) oy
ntcnet N droopmax

* For single phase designs, set N = 1
¢ If using the Intersil default design parameters:

-Rsym = 3.65kQ

-Rntcnet = 5.875kQ (see datasheet for formulas if
changing NTC network)

-ldroopmax = 48UA (This sets the OCP point 25% higher
than Igcmax as OCP trips when lgyop = 60pA.)

* For low Iccmax applications lgroopmax Might need to be
decreased to allow for additional current when slewing

Vour-

4. Using the VRTT, or electronic load, apply an appropriate DC
load to the part that will not damage any components such as
the FETs. Adjust R; in 1% resistor value increments while
monitoring the voltage at the IMON pin until it is as close as
possible to the correct value. Use the formula below to find
the IMON voltage for a given load current.

* Typically Rjyon = 100kQ and any further adjustments to
this value can be made after the rest of the design is
completed.

|
_ LOAD (EQ. 2)
\Y = 1.2V(—J
IMON lcoma

Solder the final resistor value in place for R; and move the
R-C box to the Rgyoop resistor on the feedback resistor to dial
in the DC load line.

5. Calculate Ryyqop Using the following formula and dial the R-C
box to the closest 1% value.

|
_ 'CCmax (EQ.3)
Rdroop T eDC_LL

droopmax

« If using the Intersil default design parameters:
-ldroopmax = 48HA

6. Usinga VRTT, load the part with a transient from 1A to lccmax:
at a 300Hz rep rate, and monitor Vgoyt on the scope. Set the
time base on the scope so that one full cycle is visible.
Position the cursors on the scope as shown in Figure 1 on
page 3 and adjust Rqygop in 1% increments until Vyyoop is
dialed into spec.

¢ A duty cycle of 50% or lower is recommended for the load
transient.

- (EQ. 4)
Vdroop =DC_LLe (ICCmax7 L)
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7.

8.

10.

11.
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FIGURE 1. Vproop ADJUSTMENT
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FIGURE 2. LOAD RESPONSE ADJUSTMENT

Solder the final resistor value in place for Ryyop and move
the R-C box to the C,, capacitor in the DCR network.

Calculate C,, and dial the R-C box to the closest standard
capacitor value possible. If necessary, assume two capacitors
in parallel when setting the substitution box.

C, - L
R
R . sum
ntcnet®* TN

R n Rsum
netcnet N

(EQ. 5)
«DCR

* For single phase designs, set N =1
« If using the Intersil default design parameters:

-Rgym = 3.65kQ

-Rptenet = 5-875kQ (see datasheet for formulas if
changing NTC network)

. Using a VRTT, load the part with a transient from 1A to Iccmax

at a 300Hz rep rate, and monitor Vgt on the scope. Set the
time base on the scope so that one full cycle is visible. Adjust
C,, in standard capacitor increments until Vot matches the
desired response.

* A duty cycle of 50% or lower is recommended for the load
transient. (See Figure 2)

Solder down the final C,, capacitor value(s) and move the R-C
box to the compensation components.

Using a VRTT, load the part with a transient from 1A to lccmax

at a 300Hz rep rate, and monitor Vo1 on the scope. Trigger

on the falling edge of Vg1 and adjust the compensation

components as needed to fine tune the transient response.

(See Figure 3)

¢ A duty cycle of 50% or lower is recommended for the load
transient.

12.
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FIGURE 3. COMPENSATION ADJUSTME-NT

» Compensation scheme assumes C4 >> C5 and Ry >> R3

* Make sure overall response is square through C,
adjustment in Step 9.

* Rz and C5 can be used to adjust the initial response to a
load step (~2us after insertion)

* C3 can be used to adjust the response approximately 5 to
10us after load step

* R4 and C4 can adjust the transient response >10us after
load step.

Sweep the load transient repetition rate up to 1MHz with the
persistence feature of the scope turned on while checking if
over and undershoot on Vgt meet the required Intel specs.
Adjust compensation and Coyt as needed to pass.
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13. Check the following parameters to ensure they are within

spec and iterate through the design process as needed until
all requirements are met.

* CCM ripple at no load and full load
* DCM ripple at OA and light loads
* DC load line

* Transient response

The completed design can then be used as a starting point on the
end application board and further modified as more thorough
testing is completed. If assistance is required during the design
process, contact an Intersil FAE or Applications Engineer.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third

(Rev.4.0-1 November 2017)
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