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/{ENESAS User’'s Manual

VERSALDEMO1Z

Demonstration Board

VERSALDEMO1Z is a power reference board designed in collaboration with Xilinx to provide full power rails for
Xilinx Versal ACAP, including adaptable engines, Al engines and scalar engines, as well as external DDR
memory.

Renesas power solutions for Xilinx Versal ACAP feature the ISL68225 digital multiphase controller and ISL99360
smart power stage for core power, as well as the ISL91211A multiphase PMIC and ISL85009 and ISL8026 DC/DC
regulators for remaining power rails.

This orderable reference board serves both as a proven turnkey reference design for customers to jump start their
design, as well as an evaluation platform for quick and easy power testing.

Key Features

» The ISL68225 digital multiphase controller and ISL99360 smart power stage provide a high efficiency Vcore
solution over a wide load range.

» The ISL91211A power management IC (PMIC) solution provides a highly-integrated compact design for
multiple Versal lower current rails.

» The DC/DC regulators provide complete solutions for the rest of the power needs by Versal.

Ordering Information

Part Number Description

VERSALDEMO1zZ Renesas Xilinx Versal power reference demonstration board

Related Literature
For a full list of related documents, visit our website:

+ Xilinx Versal ACAP device page
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Figure 1. Block Diagram of Power Management Solution for the Renesas Reference Board
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VERSALDEMO1Z 1. Functional Description

1. Functional Description

Figure 1 presents the architecture of the Renesas power management solution employed in this reference board.
This power solution is used to support user case 1 and user case 3 of the Xilinx Versal ACAP. As shown in Figure
1, this solution is based on a 12V input, which is a common input for main boards. There are six independent
outputs provided by this solution, which is going to function as the Versal core power and bias supplies of other
rails. Six output rails for Versal include VCCINT,VCCAUX, MGTAVCC, MGTAVAUX, MGTAVTT, and
VCCO_PMIO. This Renesas power management solution is composed by using all Renesas competitive parts,
including digital multiphase controller, Smart Power Stage (SPS), Power Management IC (PMIC), and switching
regulator.
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Figure 2. Top and Bottom View of Reference Board

1.1  Digital Multiphase Controller

The ISL68225 is a digital dual output multiphase (X+Y < 9) PWM controller supporting the PMBus V1.3 interfaces.
Either of the outputs can be configured to support any desired phase assignments up to a maximum of nine
phases across the two outputs (X+Y). For example, 8+1, 7+2, 6+3, 5+4, or a single output operation such as a
9+0 configuration are supported. This allows flexible scalability to support a wide range of load current. The
ISL68225 use the Renesas proprietary digital synthetic current modulation scheme to achieve the industry-best
combination of transient response, ease of tuning, and efficiency across the full load range. You can use the
intuitive Renesas Power Navigator™ software to configure and monitor the device.

With minimal external components, easy configuration, robust fault management, and highly accurate regulation
capability, implementing a high performance, multiphase regulator has never been easier.

In this reference board, the digital multiphase controller together with Smart Power Stage (SPS) from Renesas
was used to create the VCCINT rail, which has a current rating of 165A. The 6+0 configuration is set as default,
and it can be modified by dropping or adding phases per current adjustment or efficiency optimization purpose.
The default output voltage of 0.78V can be reconfigured using PowerNavigator.

1.2 Smart Power Stage (SPS)

The ISL99360 is compatible with the ISL68xxx/69xxx Digital Multiphase (DMP) controllers. The ISL99360 has
integrated high accuracy current and temperature monitors that can be fed back to the controller to complete a
multiphase DC/DC system. They simplify design and increase performance by eliminating the DCR sensing
network and associated thermal compensation. Light-load efficiency is supported through a dedicated LFET
control pin. An open-drain fault reporting pin simplifies the handshake between the SPS and controllers and can
disable the controller during start-up and fault conditions. Six ISL99360 are employed in this reference board and
they are controlled and driven by ISL68225 to create the VCCINT rail.
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VERSALDEMO1Z 1. Functional Description

1.3 Power Management IC (PMIC)

The ISL91211AIK is a 4-phase, three output programmable Power Management IC (PMIC) and has
independently OTP programmable voltage settings for each output. This flexibility allows to support an
expandable and optimized power supply from a Xilinx high-end product to a low-end product. It is optimized with
highly efficient synchronous buck converters capable of multiphase and single-phase operations that can deliver
up to 5A per phase continuous output current. The ISL91211AIK delivers a highly robust power solution by
featuring a controller based on the Renesas proprietary R5 technology, which provides tight output accuracy and
load regulation, ultra-fast transient response, seamless DCM/CCM transitions, and requires no external
compensation. In this reference board design, ISL91211AIK is used to output three power rails, including the
MGTAVCC rail by two phases in parallel, and the MGTAVAUX rail through one phase, and the MGTAVTT rail
through another phase. The default output voltage of each rail can be reconfigured using PowerNavigator.

1.4  Switching Regulator

The ISL8026 is highly efficient, monolithic, synchronous step-down DC/DC converters that can deliver 6A of
continuous output current from a 2.5V to 5.5V input supply. The devices use current mode control architecture to
deliver a very low duty cycle operation at high frequency with fast transient response and excellent loop stability.
The ISL8026 can be configured for discontinuous or forced continuous operation at light load. Forced continuous
operation reduces noise and RF interference, while discontinuous mode provides higher efficiency by reducing
switching losses at light loads. Two ISL8026 were employed to provide the VCCAUX rail and VCCO_PMIO rail
separately.

1.5 Quick Start Guide

The Renesas USB to PMBus Adapter is used to connect the PMBus interface on reference board with a USB
interface to a PC to reconfigure settings.

1.5.1 Default settings

This reference board can be powered up directly without using PMBus interface. In this case, there is no need on
power navigator for just general powerup to reach default settings, as listed in Table I. The power solution can be
reconfigured by using PMBus option as guided in next section.

Table 1. Default Setting for Rails

Rails Default Output voltage Current Rating Switching Frequency
VCCINT 0.78Vv 165A 600kHz
VCCAUX 1.5V 6A 1MHz
MGTAVCC 0.88Vv 5A 2MHz
MGTAVAUX 1.5V 5A 2MHz
MGTAVTT 1.2v 5A 2MHz
VCCO-PMIO 1.5V 6A 1MHz

1.5.2 Startup Procedures

1. Connect DC power supply to input terminal (hominated at 12V). Please take care of the current rating of supply,
and a DC supply able to output 15A at 12V would be needed if running test under continuous full load
conditions of rails.

2. Ensure the enabling switches (S3 and S4) are in the correct position.

3. Check the output rails.

4. Optional: Operation to follow when using the PMBus enable option

» Connect the USB Mini provided between the host computer and the USB to PMBus adapter.

» Connect USB to PMBus adapter to demonstration board to test or evaluate.

R16UZ0006EU0100 Rev.1.00
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VERSALDEMO1Z 1. Functional Description

Apply input power (labeled VIN) to the demonstration board.

Download PowerNavigator from the Renesas website.

Follow the instructions on the website.

* When PowerNavigator is installed, double-click on the PowerNavigator icon and follow the software’s
instructions. The Power Navigator User Manual can give you some details to start with, and you can find more
than this on Renesas website. Please feel free to contact our engineer for support whenever needed.

5. Load transient test empowered by the reference board.

B b N W
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Figure 3. PMBbus Dongle (Enabling Switches and the Header for Load Transient Test)

Note: The PMBus dongle is connected downside up.

This reference board has embedded circuits to allow load transient test on core power rail. An active load circuit
with parallel connected MOSFETs can sustain a pulsed load current as high as 130A. In order to reduce the
thermal rise while achieving enough duration of full load during load transient test for the loop getting optimized, a
load step waveform with long period but small duty cycle is highly recommended. To run the active load circuit,
make sure the two pins of header JP142 are shorted to each other. (This shorted connection should be removed
for any efficiency measurements.) In general, a pulsed signal from signal generator can be given through JP143,
and the regulated load current can be monitored through IMON. For every 1V applied to JP143, the on-board
active load will draw about 100A. The load slew rate can be controlled by adjusting the applied signal edge rate.
See the VERSALDEMO1Z Circuit Schematics for more details.
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3. Test Results

3. Test Results

The performance test results includes the Versal demonstration board power map, digital multiphase features,

VCCINT results, and all other rails test results. See Figure 2 for images of the reference board.

Controllers Power Stages

1SL99360 x6 RAIL 1: VCCINT (6PH) 0.78V, 165A+
PMBus ——»] + Smart Power Stage

RAIL 2: VCCAUX, 1.5V, 3.9A

RAIL 3: MGTAVCC, 0.88V, 3.08A Xilinx
Versal
RAIL 4: MGTAVAUX, 1.5V, 0.29A FPGA

PMBus — RAIL 5: MGTAVTT, 1.2V, 4.81A

RAIL 6: VCCO_PMIO, 1V — 3.3V, 4.24A

5V_SYS

3.3V_SYS

Figure 10. Power Map
3.1 Renesas Digital Multiphase Solutions

3.1.1  Digital multiphase controllers
» 50+ advanced digital multiphase controllers

o Single, Dual, and Triple outputs

o 2 to 20 phase support without phase doubler
» Support ANY CPU interface protocol
» Packages sizes from 4x4 to 8x8 QFN

o 2-phase/ dual output in 32L 4x4mm QFN

o 20-phase/dual output in 68L 8x8mm QFN

3.1.2 Industry leading performance

» Best-in-class transient response
» Excellent phase peak current management
o Protects against inductor saturation without over design
* Industry first design support and debug tools
o Serial interface packet logging: 1024 SVID command depth
o Digital Test Bus: allows viewing of signals internal to the controller
o Black Box: single point interface for fault diagnosis
» 48V conversion support

o Common device characteristics and GUI

R16UZ0006EU0100 Rev.1.00 ENESAS
Dec.13.19
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Figure 11. ISL68239 Application Diagram, 10+1+1 Solution Using Smart Power Stage
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3. Test Results

3.2 VCCINT Test Results
3.21  Startup and Shutdown Waveforms
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Figure 12. VCCINT Startup Waveform Figure 13. VCCINT Shutdown Waveform
3.3 VCCINT Efficiency
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Figure 14. VCCINT Efficiency, 6-Phases
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VERSALDEMO1Z 3. Test Results

3.4 VCCINT Igyt Telemetry Reporting
The board features excellent Iyt reporting accuracy, with less than 2% error across full load range.

lout Telemetry Error vs. Output Current

lout Telemetry vs. Output Current

7

Figure 15. loyT Telemetry vs. Output Current Figure 16. loyt Telemetry Error vs. Output Current

3.5 VCCINT OUTPUT Ripple

Vour ripple < +5% at no load and 165A load. At no load, controller enters pulse skipping and diode emulation for

improved efficiency.
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Figure 17. VCCINT OUTPUT Ripple, 12V,\/0.78Voyr,
No Load (PWF, DEM)
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Figure 18. VCCINT OUTPUT Ripple, 12V|\/0.78Voyr,
Full Load 165A, Vot Ripple < £5mV

3.6 VCCINT Load Transient Waveforms
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Figure 19. VCCINT Load Transient, 12V,\/0.78Vo;1/60A—~150A, 200A/us, 1kHz Rep Rate,
Measured at VCCINT_MON Test Point Bottom Side, Ch4: 50A/Div
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3. Test Results
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Figure 20. VCCINT Load Transient, 12V,\/0.78Vo1/60A—150A, 200A/us, 5kHz Rep Rate,
Measured at VCCINT_MON Test Point Bottom Side, Ch4: 50A/Div
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Figure 21. VCCINT Load Transient, 12V,\/0.78Vq1/60A<—150A, 200A/us, 10kHz Rep Rate,

Measured at VCCINT_MON Test Point Bottom Side , Ch4: 50A/div
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VERSALDEMO1Z 3. Test Results

3.7 All Other Rails Test Results
3.71 VCCO_PMIO

Nominated Voltage: 1.5V, Max Load: 4.24A
1.520

1.500 \

1480

] CCM region
1460 PFM region Load regulation accuracy:
(<0.4% at room)

Output voltage (V)
S

1.420

1.400
0 0.5 1 1.5 2 25 3 2.5 4 424

Load current (A)

Figure 22. Load Regulation

Load Step: 0—-25%
Rising/Falling Slew Rate: 10A/us Load Current: 4.24A

Figure 23. Load Transient Waveform Figure 24. Vo1 Steady State Ripple
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3.7.2 VCCAUX

Nominated Voltage: 1.5V, Max Load: 3.9A
152

1.48

CCM region
Load regulation accuracy:
(<0.5% at room)

145 PFM region
For higher light load eff

1.44

Output voltage (V)

1.42

1.4
0 05 1 15 2 25 3 35 39

Load current (A)

Figure 25. Load Regulation

Load Step: 0—25%
Rising/Falling Slew Rate: 10A/us

Load Current: 3.9A

Figure 26. Load Transient Waveform Figure 27. Vo1 Steady State Ripple
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3.7.3 MGTAVTT

Nominated Voltage: 1.2V, Max Load: 4.81A

1.240

1.220

V)

(
N
o
=

Output voltage
E g B

1.120

1.100
0 0.5 1 1.5 2 25 3 35 4 45 481

Load current (A)

Figure 28. Load Regulation

Load Step: 0—25% .
Rising/Falling Slew Rate: 10A/us Load Current: 4.81A

Figure 29. Load Transient Waveform Figure 30. Vot Steady State Ripple
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3.7.4 MGTAVAUX

Nominated Voltage: 1.5V, Max Load: 0.29A

1.520

1.500

1.480

1.460

1.440

Output voltage (V)

1.420

1.400
0 0.05 01 0.15 0.2 0.25 0.29

Load current (A)

Figure 31. Load Regulation

Load Step: 0—-50% .
Rising Slew Rate: 1.2A/us Load Current: 0.29A
Falling Slew Rate: 9.0A/us

Figure 32. Load Transient Waveform Figure 33. Vot Steady State Ripple
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3.7.5 MGTAvVCC

Nominated Voltage: 0.88V, Max Load: 3.08A
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0.800

0 05 1 15 2 25 3 308
Load current (A)

Figure 34. Load Regulation

Load Step: 0—-25% )
Rising Slew Rate: 7.7A/us Load Current: 3.08A
Falling Slew Rate: 10.0A/ps

T e e et e P st e

Figure 35. Load Transient Waveform Figure 36. Vot Steady State Ripple
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3.7.6  Startup and Shutdown

Startup and shutdown with no load condition
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1
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. { f | |
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VCCAUX
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00 i |
10150 v}

Figure 38. Power Rails of Two ISL8026 (Switching Regulator)
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3.7.7 Thermal Performance of ISL91211(PMIC) and ISL8026 (Switching Regulator)

Thermal test was conducted after running each part under full load condition for 15mins, at room condition.

45.5°C 435
HI Lo L@
47.5 r26.4

Figure 41. VCCAUX (ISL8026) with Max Load = 3.9A
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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.

3. 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); large-scale communication equipment; 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 investigating applicable laws and regulations 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.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third 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.

(Note1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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Wwww.renesas.com www.renesas.com/contact/
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