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Power Management
Solution for Xilinx ZYNQ Ultrascale+ RFSoC

Abstract

This document provides a power management reference solution for the Xilinx Zyng® Ultrascale+™ RFSoC. The
Zyng® UltraScale+™ RFSoC family integrates multi-gigasample RF data converters into an SoC platform that
contains a 64-bit quad-core Arm® Cortex™-A53 and dual-core Arm Cortex-R5 based processing system. The
reference design is suitable for the ZU21DR, ZU25DR, ZU27DR, ZU28DR, and ZU29DR devices. Target
applications are 4G and 5G remote wireless infrastructure and test and measurement. Figure 1 shows the power
supply rails for the device.
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Figure 1. Power Rail Consolidation for the Xilinx Zynq US+ RFSoC
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Power Management

Solution for Xilinx ZYNQ Ultrascale+ RFSoC

1. Specifications

Table 1 lists the specifications for each rail required for the RFSoC. The ADC and DAC supply rails request low
voltage ripples; therefore, additional LC low-pass filters are added after the DC/DC converters. Table 2 lists the
voltage ripple requirements for the ADC and DAC supply rails. There are two proposed solutions in this

applications note:

» Use discrete integrated FET controllers (ISL8024) to generate ADC and DAC supply rails
» Use a PMIC (ISL91211BIK) and a discrete integrated FET controller (ISL80019)

Table 1. Rail Specifications for RFSoC
Rail Name ZYNQ US+ RFSoC Power Supply Rails Voltage (V) | Current (A) Device Device
Rail 1 VCCINT 0.72/0.85/0.9 45 ISL68124 ISL68124
Rail 2 VCCINT_AMS, VCCBRAM, VCCINT_IO, VCCSDFEC, 0.85/0.9 20.15
VCC_PSINTLP, VCC_PSINTFP, VCC_PSINTFP_DDR
Rail 3 VCCAUX, VCCAUX_IO, VCCADC, VCC_PSAUX, 1.8 2.04 ISL91211BIK | I1SL91211BIK
VCC_PSDDR_PLL, VCC_PSADC
Rail 4 VCCODDR DDR 0.5A+ ISL91211AIK | ISL91211AIK
Rail 5 VMGTAVTT 1.2 4.1
Rail 6 VMGTRAVCC 0.85 0.3
Rail 7 VMGTAVCCAUX 1.8 0.3 ISL91211BIK | I1SL91211BIK
Rail 8 VMGTAVCC 0.9 ISL91211BIK | 1SL91211BIK
Rail 9 ADC_AvVCC 0.925 ISL8024 ISL91211BIK
Rail 10 ADC_AVCCAUX 1.8 1.3 ISL8024
Rail 11 DAC_AvVCC 0.925 2.2 ISL8024
Rail 12 DAC_AVCCAUX 1.8 0.25 ISL8024
Rail 13 DAC_AVTT 2.5/3 0.6 ISL8024 ISL80019
Table 2. Voltage Ripple Requirements for the ADC and DAC Supply Rails
Rail Name ZYNQ US+ RFSoC Power Supply Rails Voltage (V) Current (A) Voltage Ripple
Rail 9 ADC_AVCC 0.925 2 <0.25mVp_p
Rail 10 ADC_AVCCAUX 1.8 1.3 <10mVp.p
Rail 11 DAC_AvVCC 0.925 2.2 <0.40mVp_p
Rail 12 DAC_AVCCAUX 1.8 0.25 <2mVp_p
Rail 13 DAC_AVTT 2.5/3 0.6 <8mVp_p

2. Functional Description

The block diagrams are shown in Figures 2 and 3. The VCCINT and VCCBRAM rails are converted directly from
the 12V input, while the remaining rails are converted from an intermediate 3.3V bus, which is generated by
ISL68201+ISL99227B. The ADC/DAC rails require low voltage ripple so additional low-pass filters are needed.
Figure 2 shows the solution using all switching regulators, 1SL8024 for all ADC/DAC rails. Figure 3 shows the
solution using a PMIC, ISL91211BIK for DAC_AVCC, DAC_ACCAUX, ADC_AVCC, and ADC_ACCAUX rails.
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Figure 2. Block Diagram - Solution using Switching Regulators
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Figure 3. Block Diagram - Solution using a PMIC

2.1 Digital Multiphase Controller

The ISL68124 is a digital dual output, flexible multiphase (X+Y < 4) PWM controller supporting the latest PMBus
V1.3 specifications. Either of the outputs can be configured to support any desired phase assignments up to a
maximum of four phases across the two outputs (X+Y). For example, 3+1, 2+2, or even a single output operation
as a 4+0 configuration are supported. The ISL68124 uses the Renesas proprietary linear synthetic digital current
modulation scheme to achieve the industry-best combination of transient response and ease of tuning while
addressing the challenges of modern multiphase designs.

In this design, the ISL68124 is used to generate VCCINT rail and VCCBRAM rail. Figure 4 on page 5 shows the
ISL68124 schematic. Three phases are assigned for the VCCINT rail to provide 45A current, and one phase is
assigned to VCCBRAM rail to provide 20A current.
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2.2 Digital Hybrid PWM Controller

The ISL68201 is a single-phase, synchronous buck PWM controller featuring the Renesas proprietary R4™
Technology. It supports a wide 4.5V to 24V input voltage range and a wide 0.5V to 5.5V output range. Integrated
LDOs provide controller bias voltage, allowing for single supply operation. The ISL68201 includes a
PMBus/SMBus/I2C interface for device configuration and telemetry (V|y, Vout, louT, @and temperature) and fault
reporting. In this design, the ISL68201 is used for generating an intermediate 3.3V bus. Figure 5 shows the
ISL68201 schematic.
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Figure 5. 1SL68201 Schematic

2.3 Power Management IC (PMIC)

The ISL91211AIK and ISL91211BIK have four independently OTP programmable voltage settings for each buck
controller, which can set the output voltage. The ISL91211AIK and ISL91211BIK are highly efficient, dual or single
output, synchronous multiphase buck switching regulators that can deliver up to 3.5A per-phase continuous
output current.

Figure 6 shows the ISL91211AIK schematic which generates VMGVVTT, VCCODDR and VMGTRAVCC rails.
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Figures 7 shows the ISL91211BIK schematic which generates VCCAUX/ADC/IO, VMGTVCCAUX, and

VMGTAVCC rails.
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Figure 7. 1SL91211BIK Schematic
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3. ADC/DAC Supply Rails

For the first solution, which uses discrete switch regulators (ISL8024) to generate ADCAVCC, DACAVCC, and
DACAVTT rails, see UG187 for details.

Figures 8 shows the ISL91211BIK and ISL80019 schematic, which generates DAC_ACCAUX, ADC_ACCAUX,
DAC_AVCC, ADC_AVCC, and DAC_AVTT rails.
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Figure 8. ISL91211BIK and ISL80019 Schematic for ADC/DAC Supply Rails

4. Bill of Materials

Manufacturer
Qty Reference Designator Description Mfr Part Number

ISL68124 Schematic
6 |C1,C7,C11,C12,C17,C18 CAP CER 470pF 50V X7R 0402 Various
1 |C2 CAP CER 0.1pF 10V X7R 0603 Various
1 |C3 CAP CER 1pF 16V X7R 0603 Various
2 [C4,C5 CAP CER 10uF 25V X7R 1206 Various
1 |C6 CAP CER 10000pF 25V X7R 0402 Various
1 |C8 CAP, SMD, 0402, 4.7pF, 50V, 5%, NP0, ROHS Various
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Manufacturer
Qty Reference Designator Description Mfr Part Number

2 |C9,C10 CAP CER 47pF 10V X7R 1210 Various
9 |C13,C16, C24,C36, C37,C38, C54, |CAP CER 1uF 16V X6S 0402 Various

C57, C61
4 |C14, C39, C40, C41 CAP CER 0.1pF 50V X7R 0402 Various
2 |C15,C20 CAP CER 3300pF 50V X7R 0402 Various
4 |C19, C50, C55, C62 CAP ALUM POLY 270uF 20% 16V T/H Nichicon RS81C271MDN1
5 |C21, C25, C48, C51, C58 CAP CER 10pF 6.3V X6S 0402 Various
24 |C22,C23, C26, C27,C28, C29, C42, |CAP CER 22uF 10V X5R 0603 Various

C43, C44, C45, C46, C47, C49, C52,

C53, C56, C59, C60, C64, C65, C67,

C68, C69, C70
8 |C30, C31, C32, C33, C34, C63, C66, |CAPALUM POLY 470uF 20% 2V SMD Panasonic EEF-GX0D471R

C71 Electronic

Components
2 |J1,J2 CONN HEADER VERT 36P0OS 2.54MM Sullins PBC36SAAN
1 |J3 CONN HEADER R/A 6POS 2.54MM Amphenol ICC | 68021-406HLF
1 (L1 COIL-PWR CHOKE, SMD, 7x6.9, 4.7uH, 20%, WURTH 744311470
6A, 19.5mQ, ROHS ELECTRONIC

4 |L2,L3,L4,L5 FIXED IND 150NH 51A 0.29 MQ Eaton FP0906R1-R15-R
1 |R1 RES, SMD, 0402, 10k, 1/16W, 1%, TF, ROHS Various
1 |R2 RES, SMD, 0402, 1.8k, 1/16W, 1%, TF, ROHS Various
1 |R3 RES, SMD, 0402, 6.81k, 1/16W, 1%, TF, ROHS | Various
1 |R4 RES, SMD, 0402, 2.2k, 1/16W, 1%, TF, ROHS Various
1 |R5 RES, SMD, 0402, 2.7k, 1/16W, 1%, TF, ROHS Various
1 |R6 RES, SMD, 0402, 100k, 1/16W, 1%, TF, ROHS Various
1 |R7 RES, SMD, 0402, 40.2k, 1/16W, 1%, TF, ROHS | Various
5 |R8, R16, R21, R23, R25 RES, SMD, 0402, 100Q, 1/16W, 1%, TF, ROHS | Various
8 |R9, R10,R11, R15, R17, R26, R27, RES, SMD, 0402, 1k, 1/16W, 1%, TF, ROHS Various

R28
1 |R13 RES, SMD, 0402, 301k, 1/16W, 1%, TF, ROHS Various
1 |R14 RES, SMD, 0402, 10k, 1/16W, 1%, TF, ROHS Various
1 |R18 RES, SMD, 0402, 57.6k, 1/16W, 1%, TF, ROHS | Various
4 |R22, R30, R31, R32 RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various
1 |R24 RES, SMD, 0402, 475Q, 1/16W, 1%, TF, ROHS | Various
2 |R29, R33 RES, SMD, 0402, 301Q, 1/16W, 1%, TF, ROHS | Various
1 U1 IC REG BUCK ADJUSTABLE 3A 12DFN Renesas ISL85003A
1 (U2 IC REG CTRLR PMBUS 40TQFN Renesas ISL68124
4 | U3, U4, U5, U6 IC MODULE SPS 3.3V 32-PQFN Renesas 1SL99227
4 |21,72,73,74 RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various
0 |CSS1,R12,R19, R20, C35, J1, J2 Do Not Populate

ISL68201 Schematic
1 |CC1 CAP CER 470pF 50V X7R 0402 Various
1 |CNTC1 CAP CER 100pF 50V X7R 0402 Various
1 |C72 CAP CER 4.7pF 10V X7R 0603 Various
2 |C73,C80 CAP CER 1.0pF 16V X5R 0402 Various
2 |C74,C76 CAP CER 0.1yF 50V X7R 0402 Various
3 |C75,C81,C82 CAP CER 1.0pF 10V X5R 0402 Various
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Power Management Solution for Xilinx ZYNQ Ultrascale+ RFSoC

Manufacturer
Qty Reference Designator Description Mfr Part Number
2 |C77,C78 CAP CER 22pF 10V X5R 0603 Various
1 |C79 CAP CER 22nF 50V X7R 0402 Various
2 |C83,C84 CAP ALUM POLY 220uF 20% 6.3V SMD Panasonic 6TPF220M5L
1 |L6 FIXED IND 1U 28A 5 MQ Coilcraft XAL7030-102ME
2 |RP1,R34 RES, SMD, 0402, 100Q, 1/16W, 1%, TF, ROHS | Various
1 |RSEN1 RES, SMD, 0402, 2.8k, 1/16W, 1%, TF, ROHS Various
1 |RTM1 RES, SMD, 0402, 1.2MQ, 1/16W, 1%, TF, ROHS | Various
1 |RTM2 RES, SMD, 0402, 4.02MQ, 1/16W, 1%, TF, ROHS | Various
1 |Rin1 RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various
3 |R35, R36, R49 RES, SMD, 0402, 1kQ, 1/16W, 1%, TF, ROHS Various
1 |R37 RES, SMD, 0402, 75kQ, 1/16W, 1%, TF, ROHS | Various
1 |R39 RES, SMD, 0402, 499k, 1/16W, 1%, TF, ROHS Various
1 |R41 RES, SMD, 0402, 19.6k, 1/16W, 1%, TF, ROHS | Various
1 |R42 RES, SMD, 0402, 20k, 1/16W, 1%, TF, ROHS Various
1 |R43 RES, SMD, 0402, 15k, 1/16W, 1%, TF, ROHS Various
1 |R44 RES, SMD, 0402, 29.4k, 1/16W, 1%, TF, ROHS | Various
1 |R45 RES, SMD, 0402, 23.2k, 1/16W, 1%, TF, ROHS | Various
1 |R47 RES, SMD, 0402, 3.83k, 1/16W, 1%, TF, ROHS | Various
1 |R48 RES, SMD, 0402, 1.21k, 1/16W, 1%, TF, ROHS | Various
1 (U7 IC REG CTRLR BUCK PMBUS 24QFN Renesas 1SL68201
1 |U8 IC MODULE SPS 5V 32-PQFN Renesas I1SL99227B
2 |Z5,26 RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various
3 | R38, R40, R46, C85, C86 Do Not Populate
ISL91211AIK Schematic
4 |C87,C90, C94, C95 CAP CER 10pF 10V X5R 0603 Various
5 |C88, C89, C91,C92, C93 CAP CER 22pF 10V X5R 0603 Various
2 |C96, C98 CAP CER 1.0uF 10V X6S 0402 Various
1 |C97 CAP CER 0.1uF 50V X7R 0402 Various
4 |L7,L8,L9,L10 FIXED IND 330NH 5.1A 19 MQ Murata DFE252012F-R33M
10 |R50, R51, R52, R53, R54, R56, R57, | RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various
R58, R59, R60
1 |R55 RES, SMD, 0402, 2.21kQ, 1/16W, 1%, TF, ROHS | Various
1 |U9 IC REG BCK PROG 10A/5A/5A TRPL Renesas ISL91211AIK
ISL91211BIK Schematic
4 |C99, C101, C106, C107 CAP CER 10pF 10V X5R 0603 Various
5 |C100, C102, C103, C104, C105 CAP CER 22pF 10V X5R 0603 Various
2 [C108, C110 CAP CER 1.0pF 10V X6S 0402 Various
1 |C109 CAP CER 0.1pF 50V X7R 0402 Various
3 |L11,L12,L13 FIXED IND 330NH 5.1A 19 MQ Murata DFE252012F-R33M
6 |R61, R62, R63, R64, R65, R66 RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various
1 |U10 IC REG BUCK PROG 5A/5A/5A/5A QUAD Renesas ISL91211BIK
DAC/ADC Supply Schematic
24 | C111, C112, C113, C114, C115, C118, | CAP CER 22pF 10V X5R 0603 Various
C127,C128, C129, C130, C140, C141,
C142,C143, C155, C156, C157, C158,
C175, C177,C178, C179, C180, C181
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Manufacturer
Qty Reference Designator Description Mfr Part Number
13 | C116,C122,C125,C133, C138, C146, | CAP CER 1.0pF 10V X6S 0402 Various
C161, C166, C172,C174,C176,C182,
C183
11 | C117,C119, C126, C134, C147, C151, | CAP CER 0.1uF 50V X7R 0402 Various
C162, C167, C173, C184, C185
8 |C120,C123,C135,C137,C152,C154, | CAP CER 10nF 50V X7R 0402 Various
C168, C170
5 |C121,C136, C153, C169, C186 CAP CER 220puF 6.3V X5R 1206 Various
11 | C124,C131, C132, C144, C145, C149, | CAP CER 47uF 6.3V X5R 0603 Various
C150, C159, C160, C163, C164
4 |[C139, C148, C165, C171 CAP CER 10pF 10V X5R 0603 Various
2 |C187,C188 CAP CER 10pF 50V COG 0402
1 [C189 CAP CER 27pF 50V COG 0402
4 |L14,L16,L18,L20 FIXED IND 470nH 4.9A 23MQ Murata DFE252012F-R47M

5 |L15,L17,L19, L21, L23L15, L17, L19,

FIXED IND 17.5nH 3.5A 4.5MQ

Abracon LLC

AIAC-2712C-17N5J-T

ROHS

L21,L23

1 |L22 FIXED IND 1pH 2.5A 75 MQ SMD Wurth 74438323010
5 |R67,R71, R74, R77, R86 RES, SMD, 0603, 0.1Q, 1/16W, 1%, TF, ROHS Various

4 |R68, R70, R72, R76 RES, SMD, 0402, 4.99Q, 1/16W, 1%, TF, ROHS | Various

4 |R69, R73, R75, R78 RES, SMD, 0402, 150Q, 1/16W, 1%, TF, ROHS | Various

7 | R79, R80, R81, R82, R83, R84, R85 RES, SMD, 0402, 0Q, 1/16W, 1%, TF, ROHS Various

2 |R87,R90 RES, SMD, 0402, 100kQ, 1/16W, 1%, TF, ROHS | Various

2 |R87,R90 RES, SMD, 0402, 200kQ, 1/16W, 1%, TF, ROHS | Various

1 |R89 RES, SMD, 0402, 316kQ, 1/16W, 1%, TF, ROHS | Various

1 |un IC REG BUCK PROG 5A/5A/5A/5A QUAD Renesas ISL91211BIK
1 |U12 IC-500mA BUCK REGULATOR, 12P, DFN, 3x4, | Renesas ISL80019A

5. Revision History

Rev. Date Description
1.00 Mar.4.20 Initial release
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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. Nolicense, 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. ltis 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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Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/
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