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Using FS1525 to 
Generate Agilex™ SmartVID
FS1525 is a proven solution with several customers on Altera Agilex 

and Stratix 10 for SmartVID operations on Intel Quartus

Application Note

Introduction

Intel Agilex FPGAs that support SmartVID nominally require 0.8V at power up. Following powerup, the FPGA sends a new 

target voltage (pre-programmed into the FPGA) to the voltage regulator over the PMBus interface. This new target voltage 

may be in the range of 0.7V to 0.9V. The FS1525 is a current shareable 25A device, up to 8 of which may be stacked in 

parallel to provide power to rails requiring up to 200A current. With its extensive PMBus commandset and flexible power 

delivery, the FS1525 is thus well suited to providing power to such Agilex FPGAs with SmartVID support.

Reference Schematic for Agilex 5 Using 2 x FS1525 in Parallel
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Description

1.	 Preferred operation is with external Vcc for better efficiency as shown. In this configuration, PVin is disconnected from 

Vin on both the master and slave device and an external 5 V supply is connected to Vcc (PVcc is always shorted to Vcc 

regardless). If an external 5V supply is not available and the internal LDO needs to be used, PVin and Vin are connected 

using 2.7 ohm resistor, Vin is  disconnected from Vcc and neither Vcc nor PVcc capacitors should be populated.

2.	 For PVIN > 6.5V; 2 X 4.7uF (0805, 25V) Caps are to be connected between and CB and SW as shown. For PVIN ≤ 6.5V, 2 

X 10uF (0805, 25V) Caps are suggested.

3.	 SCL, SDA and Alert are PMBus related pins and need 4.99K pullups either to Vcc or to an external bus.

4.	 PGood and Fault pins need to be pulled up to Vcc. The Fault pins of all the FS1525 devices working in parallel to power 

the SmartVID rail must be tied together (preferably through 0 ohm resistors such as R316 and R331 in the schematic 

above, to enable isolating the devices for debug)

5.	 The En pins of all the FS1525 devices working in parallel to power the SmartVID rail must be tied together.

6.	 The Ishare pins of all the FS1525 devices working in parallel to power the SmartVID rail must be tied together

7.	 The Sync pin of the master FS1525 device should be tied to ground (unless an external synchronizing clock is used). The 

master device passes its internal clock to the Clkout pin. The Clkout pin of the master should be connected to the Sync 

pin of the slave FS1525 device. The Clkout pin of the last slave is left open.

FS1525 Reference Schematic
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8.	 To power up Agilex FPGA requiring SmartVID support, it is essential that the output voltage of the FS1525 boots up to 

0.8V and also that it be receptive to any new VOUT_COMMAND PMBus command sent by the FPGA to optimize the 

performance. This has two implications:

a.	 An 11K resistor is connected from the PS pin of the “master” FS1525 device to ground. This allows the master to boot 

up to 0.8V without any resistor divider from Vout or Rso (output of the remote sense amplifier) to Fb. Other boot values 

may be selected by using different PS resistor values as described in the FS1525 datasheet. In the schematic above, 

the PMBus address is set to 0x75 by using a 4.12K resistor from the ADDR pin to ground. The base PMBus address of 

the FS1525 is 0x70 with up to 16 offsets so addresses between 0x70 and 0x7F are possible.

b.	 FS1525 does not allow a boot voltage to be set for the slave devices so they will always power up to 0.6V in the 

absence of a feedback resistor divider. Therefore an appropriate resistor divider (1K/3.24K) is used from RSo to Fb for 

the slave device. A 2.7 nF feedforward capacitor is used in parallel with the 1 K resistor. Since this divider setting cannot 

be communicated to the Agilex through the available Quartus interface, any subsequent commands from the Agilex to 

a slave FS1525 device would be mis-scaled. Therefore, the FS1525 slave device is disconnected from the PMBus and 

subsequent commands from the FPGA to a different target voltage (between 0.7V and 0.9V) are sent only to the master 

FS1525 device. The current sharing loop of the FS1525 is well equipped to ensure accurate current sharing between 

the master/slave modules for imbalances in the master and slave output voltages in this range. The schematic above 

depicts a 50A rail requiring only 2 X FS1525 devices so the PS resistor for the slave is chosen to be 1.13K so that the 

slave device operates 1800 out of phase with the master. The complete PS resistor table can be found in the FS1525 

datasheet.

Quartus Settings

The table below shows the settings that must be used in Quartus to allow the use of FS1525 to power up a SmartVID rail:

Name Value

Bus Speed 400 kHz

Slave Device Type Other

Number of Slave Devices 1

PMBus device 0 Slave address 0x75 (for the above schematic)

Voltage Output Format Linear

Linear Format N -10
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TDK µPOL Power Solutions for Altera Agilex Series

Power Solution for Low Power Agilex 5E Series
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TDK µPOL Power Solutions for Intel Agilex 7
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Design Collateral and Key Links for TDK µPOL and Altera FPGA / SoCs

Design Collateral Description Link Contact

Altera API Approval FS1525 API approved for Agilex SmartVID 

operations

https://www.intel.com/content/

www/us/en/support/programmable/

support-resources/power/smartvid.

html

tony.ochoa@tdk.com

Americas: mark.byrne@tdk.com

Europe: noritaka.chiyo@tdk.com

Asia: arthur.asai@tdk.com

FS1525 starter designs

25A to 100A

25A, 50A, 75A, 100A schematics and PCB 

layout. 

Baseline designs to modify for Altera Agilex, 

Arria 10 and Stratix 10

Ultra Librarian

See FS1525, FS1606, FS1406 

schematic, layout and design 

checklist files. Also contains 

mechanical 3D models.

tony.ochoa@tdk.com

Americas: mark.byrne@tdk.com

Europe: noritaka.chiyo@tdk.com

Asia: arthur.asai@tdk.com

TDK power module 

starter schematics for 

Altera FPGAs

Starter schematics for Agilex 5E, 7, Arria 10, 

Stratix 10, Cyclone.

Exact voltage and current vs. DC, AC, vs 

Cout load.

https://www.us.tdk.com/news_

center/upol/index.php

tony.ochoa@tdk.com

Simplis power PDN and 

models for Altera FPGAs

Simplis libraries for FS1525, FS160x and 

FS140x devices for PDN simulations to 

schematics.

Includes results for DC,  AC and step load vs. 

Cout to meeting key power specs of Agilex, 

Arria 10 and Stratix.

https://www.us.tdk.com/news_

center/upol/index.php

herman.neufeld.contractor@tdk.com

tony.ochoa@tdk.com

Power maps for Altera 

FPGAs

TDK power maps for Altera FPGAs. Agilex, 

Arria 10, Stratix 10 and Cyclone.

https://product.tdk.com/en/system/

files/dam/doc/product/power/

switching-power/micro-pol/power_

solution/tdk_upol_power_solutions_

cookbook.pdf

tony.ochoa@tdk.com

Americas: mark.byrne@tdk.com

Europe: noritaka.chiyo@tdk.com

Asia: arthur.asai@tdk.com

Agilex 5E reference 

design platform

Orderable Agilex 5E development platform 

by Arrow.

Agilex™ 5 AXE5000.

TDK power modules for low power design for 

Agilex 5E: FS1606, FS1003, FS3303

www.arrow.com
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