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µPOL Chip-Embedded DC-DC Power Modules

New Product Introduction:  FS1003 and FS1006

         …  Complementary products to FS160x series

       Smallest DC-DC Power Modules with Telemetry for 3A to 6A

TDK Corporation
 Communication Devices Business Group • µPOL

Q3 2024
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µPOL Chip-Embedded DC-DC Power Modules
   Completely Integrated Solution
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Popular System Voltages:

• FS1006-5000 → 5.0Vout / 6A

• FS1006-3300 → 3.3Vout / 6A

• FS1003-0600 → 0.6V to 5.0Vout / 3A

• FS160x series → 0.6V to 5V / 4A-6A

30 Watts!!
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TDK mPOL Vout Iout Analog Vout Digital Vout Options

FS1606-0600-AL 0.6V to 1.8V 6A Yes Yes, +/-5mV steps Telemetry

FS1606-1000-AL 1.0V 6A Yes Telemetry

FS1606-1050-AL 1.05V 6A Yes Telemetry

FS1606-1100-AL 1.10V 6A Yes Telemetry

FS1606-1200-AL 1.20V 6A Yes Telemetry

FS1606-1500-AL 1.5V 6A Yes Telemetry

FS1606-1800-AL 1.80V 6A Yes Telemetry

FS1606-2500-AL 2.5V 6A Yes Telemetry

FS1604-2500-AL 2.5V 4A Yes Telemetry

FS1604-3300-AL 3.3V 4A Yes Telemetry

FS1603-3300-AL 3.3V 3A Yes Telemetry

FS1603-5000-AL 5.0V 3A Yes Telemetry

FS1003-0600-AL 0.6V to 5.0V 3A Yes Yes, +/-5mV steps Telemetry

FS1006-3300-AL 3.3V 6A Yes Telemetry

FS1006-5000-AL 5.0V 6A Yes Telemetry

• Same pinouts:  FS160x and FS100x series
• FS140x and FS160x and FS100x also same
       pinout
• FS160x and FS100x series have Telemetry 
      from 1A to 6A

Best in Size and Performance
  with Telemetry Monitors for voltage, current & temperature
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FS1003 & FS1006 Value Proposition

FS1003 & FS1006:

✓  Adds critical DC-DC 1A to 6A in small form factor power to complete TDK’s 1A to 200A 
portfolio 

✓  Focuses on Computing, AI, Edge and Industrial applications requiring Telemetry for advanced 
power monitoring for voltage, current & temperature

✓ Ease of Design for DC-DC power:  high integration, low BoM, few external components, 
flexible analog or digital power design

✓ Robust chip embedded module design:  excellent thermal performance, -40C to +125C, light 
weight 50mcg,  high tolerance to drop and vibration, low height 1.35mm

✓  Application Examples:
➢ AI:  Nvidia Orin, Cameras, Machine Vision, Video

➢ AI:  IoT Sensors,  Instrumentation

➢ Industrial, Medical:  Use with Predictive Maintenance using Telemetry monitors
➢ Edge Computing, GbE, 10G to 1.6T, SFP port and chipset power

➢ FPGA/SoC/ASIC power for small form factor:  SoM, PCIe, 1U-3U form factors

➢ Vertical power design applications for high density power on-board or in SoC development

Page 5

Current sharable 
 to 200A
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µPOL Chip-Embedded DC-DC Power Modules
   Popular Applications Use Case 1:  Nvidia Orin, Machine Vision, Robotic Vision, Video
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✓ Ease of Design power solution
✓ Low BoM, small size, low height
✓ Excellent for small form factor carrier board
      with Nvidia Jetson module

FS1006

FS1006 6A / 30W
Chip Embedded
Power Module
3.3mm x 3.3mm x 1.35mm height
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TDK mPOL for AI:  Power for AMD-Xilinx
          FPGAs/SoCs:   Zynq 7 &  Zynq UltraScale+   

    Popular Applications Use Case 2: :  Machine Vision, Robotic Vision, Software Definable Radios

✓ Ease of Design power solution
✓ Low BoM, small size, low height
✓ Small form factor 1U to 3U – SoM
✓ -40C to +125C, excellent thermal
        deratings without airflow

FS1003 3A / FS1606 6A
Chip Embedded
Power Module
3.3mm x 3.3mm x 1.35mm height

✓ Total solution:  7mm x 7mm
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µPOL Chip-Embedded DC-DC Power Modules
 Popular Applications Use Case 3: IoT, Edge GbE Ethernet 

TDK µPOL
FS1606 / FS1406
FS1003
0.8V to 5V
1A to 6A

Power for 10G to 200G+
Broadcom 
Marvell
Intel
ASICs 

TDK µPOL
FS1525
15A to 25A
0.7 to 1.0V

TDK µPOL
FS1006
6A/3.3VSFP port

power

Power for 
Ethernet Chipsets

✓ Ease of Design power solution
✓ Low BoM, small size, low height
✓ Small form factor power: i.e. PCIe
✓ Excellent thermal
        deratings without airflow

SFP port
power

Ethernet
Chipset
10G to 200G+
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µPOL Chip-Embedded DC-DC Power Modules
 Popular Applications Use Case 4: IoT, AI Sensor Fusion

• NDT 
(Non-destructive test)

 3D scanners

• IoT 3D Cameras

Vision & Inspection

✓ Ease of Design power solution
✓ Low BoM, small size, light weight 50mcg
✓ Small form factor design
✓ Telemetry for Predictive Maintenance
✓ Advanced Power monitors: OVP, OCP, OT
✓ Robust vibration and drop package design

Similar FPGAs:  

   AMD-Xilinx:  Zynq 7, Artix, Spartan

  Altera:  Cyclone, Agilex 3, Agilex 5

   Microsemi:  Polarfire3

   Lattice: Avant-E

FS1606, FS1003
6A/4/3A Power Module
• Best in Class in Size with Telemetry
• 3.3mm x 3.3mm x 1.35mm height
• Vin:  4.5V to 16V
• Vout:  0.6V to 5.0V
• -40C to +125C
• I2C Telemetry (voltage, current, temp)

Settings for 
OVP = over voltage protection
OCP = over current protection
OT = over temperature protection
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TDK mPOL: Embedded Solution Partner & Power by FPGA/SoC Vendor & Family

Low End Mid-range High End

Embedded 
Control

ARM M0-M4
Atmel
Microsemi

AMD-Xilinx Zynq 7
Altera Cyclone, Agilex 3 
Sundance
NXP i.Mx8
Nvidia, Other

AMD-Xilinx Zynq 7
AMD-Xilinx Zynq US+
Microsemi Polarfire
NXP i.Mx8
Altera Sundance

Efinix
Microsemi

AMD-Xilinx Zynq US+
AMD-Xilinx RFSoC
Microsemi Polarfire
AMD-Xilinx Kintex US+
Altera Arria 10
Altera Agilex 5
Cavium Octeon
NXP QorIQ

Other SoCs:
   Nvidia Xavier Orin Nano
   Esperanto Tech
   TI Sitara or Similar
   Mobile Eye
   ADAS ASICs
   Server/AI Accelerator ASICs 
   Multi-ARM A5x  SoCs

Altera Arria 10 / Stratix 
10
Altera Agilex 7
AMD-Xilinx Virtex
AMD-Xilinx Versal
NXP QorIQ
Cavium Octeon

Other SoCs:
   Nvidia Orin
   Esperanto Tech
   Mobile Eye
   ADAS ASICs
   Multi-ARM A5x SoCs
   Server/AI Accelerator    
       ASICs

Altera Arria 10 / Stratix 10
Altera Agilex
AMD-Xilinx Versal AI
AMD-Xilinx Virtex US+

Power < 5Watts < 10Watts < 15Watts 15Watts to 30Watts 30Watts to 50Watts 50Watts to 200Watts+

FS1403
FS1003
FS3303

FS1406,FS1606, FS1404
FS1003
FS1403
FS3303

FS1406, FS1606, 
FS1404
FS1403
FS1003
FS3303
FS1006

FS1525, FS1412
FS1406, FS1606, FS1404
FS1403
FS1003
FS3303
FS1006

FS1525, FS1412
FS1406, FS1606, FS1404
FS1403
FS1003
FS3303
FS1006

FS1525, FS1412
FS1406, FS1606, FS1404
FS1403
FS1003
FS3303
FS1006
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TDK mPOL Chip Embedded Technology:
    Adding the FS1003 and FS1006
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µPOL Chip-Embedded DC-DC Power Modules
   Completely Integrated Solution

IC+Driver+
MOSFET

Inductor

Embedded 
Package 
(SESUB)

+

+

Local 
Bypass

+

Controller, driver, MOSFETs and digital core are 
monolithically integrated within a single IC.  Short 
signal paths enable high frequency operation and 
minimize parasitic inductance

Custom inductor to exactly match the Q 
requirements of FETs and drivers which lowers 
interconnect and power losses

Boot and Vcc capacitors are integrated as part of 
the total power solution

Semiconductor Embedded in SUBstrate package 
reduces size, eliminates wire bonds & enhances 
thermal performance

✓  TDK Component Quality

         - Entire BOM supplied by TDK

Page 13
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µPOL Chip-Embedded DC-DC Power Modules
   

High Integration of 14 or more external components
FS160x/FS100x series saves SIZE, BOM cost, PCB cost and Assembly cost

FS1606, FS1604, FS1603, FS1006, FS1003
 Chip Embedded Power Modules

Page 14
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TDK mPOL Chip Embedded Technology:
    Paving the new way for Vertical Power Design 
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New Products

FS1525
25A Current Sharable Power Module
• Best in Class Size & Current Density:  

6.8mm x 7.6mm x 3.8mm height
• Vin:  4.5V to 16V
• Vout:  0.5V to 1.8V
• Iout:  25A
• Sharable up to 8-phase:  25A to 200A
• PMBus/I2C Telemetry

FS3303

FS1606, FS1604, FS1603, FS1006, FS1003
6A/4/3A Power Module (see datasheet for specifics)

• Best in Class in Size with Telemetry
• 3.3mm x 3.3mm x 1.35mm height
• Vin:  4.5V to 16V
• Vout:  0.6V to 5.0V
• I2C Telemetry

Sampling Released Engineering
  Samples
   Q4 2024

FS3303
3A Power Module
• 2.5mm x 2.5mm x 1.2mm height
• Vin= 2.7V and 6V
• Output Vout  Range=0.4V to 3.3V

Coming next…
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Best in Size and Performance

 Leading solutions for Vertical Power

x2 to x4 
Higher power density
Over competitors

Page 18 18
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µPOL Chip-Embedded DC-DC Power Modules
   Placement Flexibility

1.35mm height 
(FS1606)

Page 19
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Concept of Vertical Power

FS1525 25A  Chip Embedded
Sharable to 200A
Power Module
6.8mm x 7.6mm x 3.8mm height

Page 20
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TDK mPOL Chip Embedded Technology:
    Ease of Design Using the FS1003 and FS1006
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Design Example 1:  Ease of Design

    1A to 6A, 0.6V to 5.0Vout

Exact your Analog Design:

• Qspice

• Simplis

Popular Vout for FPGAs/SoCs
  & Controllers

Page 22

FS1003
FS1606
FS1003 (3A)
FS1606 (6A)

Digital Vout Set (+/-5mV steps)
Or Telemetry via I2C

Analog Vout
 Resistor Set

✓ Low BoM, minimum external components
✓ Small size total solution
✓ Flexible Vout setting
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Design Example 2a:  Ease of Design
    6A, 5Vout or 3.3Vout

Popular System Voltages:

• FS1006-5000 → 5.0Vout / 6A

• FS1006-3300 → 3.3Vout / 6A

Preset Vout
DC-DC modules
High Integration

Page 23

FS1006
6A

✓ Low BoM, minimum external components
✓ Small size total solution
✓ Excellent performance: Best in Efficiency and Size
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Design Example 2b:  Ease of Design
    6A, 5Vout or 3.3Vout

Example Thermal Derating:

• FS1006-5000 → 5.0Vout / 6A

Page 24

✓ High density power to 30W
✓ Excellent thermal derating without airflow

• No airflow for 10W to 15W up to 90-100C

• Integrated Copper RDL thermal design

• Chip embedded design increases x2 to x4 higher 
current density over competitors

• Using bottom side thermal cooling thru bottom 
pins of package

FS1006
6A / 30W

Chip Embedded
Thermal packaging
   design Pending 

Derating curve
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Design Example 3:  Ease of Design

   FS1606, FS100x series – I2C Telemetry

FS1606, FS1006, FS1003 
  example on “CondUIt”
    Graphic User Interface

Optional
Ordering Code:
“TDK-PMBus-I2C
Dongle”

Evaluation Boards:
EV1606-0600-A
EV1604-3300-A
EV1603-5000-A
EV1003-0600-A
EV1006-3300-A
EV1006-5000-A

Use with
TDK’s CondUIT GUI 

Page 25

✓ Set OCP, OVP, OTP Protection
      (current, voltage, temperature)
✓ Telemetry:  Pvin, Vout, Fb, Iout
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FS1003, FS1006, FS1606, FS1604, FS1603 
Evaluation Boards & Other Design Collateral

Board Ordering Code Description Features Notes

EV1003-0600-A FS1003 evaluation board FS1003 set in 
voltage divider 
mode.  Set to 1.8V. 

User Guide also available on 
www.tdk.com/POL for this 
evaluation board as a 
evaluation board write-up for 
the design and data.

EV1006-5000-A FS1006-5000 evaluation board 5.0V out

EV1006-3300-A FS1006-3300 evaluation board 3.3V out

EV1606-0600-A FS1606 evaluation board FS1606 set in 
voltage divider 
mode.  Set to 1.8V.  
User can change 
resistor for Vout to 
0.6V to 1.8V

EV1604-3300-A FS1604 evaluation board FS1604 set to 
3.3Vout

EV1603-5000-A FS1603 evaluation board FS1603 set to 
5.0Vout.  

 TDK-PMBus-I2C dongle

Dongle to be used with TDK 
CondUIt GUI Software for I2C 
and PMBus communications 
with FS1525, FS1412, FS1606, 
FS1604, FS1603, FS1006, 
FS1003

Dongle connects to 
eval boards 

See CondUIt GUI in TDK 
Product Center.   
www.tdk.com/POL.  see 
under Technical support tools. 

Evaluation Boards:

   FS1606, FS1604, FS1603
   FS1006, FS1003 

Dongle option for I2C/PMBus:

   FS1606, FS1604, FS1603
   FS1003, FS1006

Page 26

http://www.tdk.com/POL
http://www.tdk.com/POL
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Advanced Power Management 

TDK FS1525, FS1412, FS1606, FS1003, FS1006 
✓ Expands the portfolio for more advanced power management functionality with 

PMBus / I2C capabilities

Part# Io (A) Vo(V) Bus i/f

FS1525
Up to 8p

25A-200A 0.6 – 1.8 PMBus / I2C

FS1412 9A/12A 0.6 – 1.8 PMBus / I2C

FS1606 1A to 6A 0.6 – 2.5 I2C only

FS1006 6A 3.3V, 5.0v I2C only

FS1604 4A 2.5V, 3.3V I2C only

FS1603
FS1003

3A
3A

3.3V, 5.0V
0.6V to 5V

I2C only

Page 27
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TDK mPOL Chip Embedded Technology:
    Product Summary and Technical Details of FS1003 and FS1006
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Highlights

• μPOLTM Technology Includes Inductor, Controller, 
               Power MosFETs, Driver and Digital Engine
• Thermally Enhanced Package for excellent Iout derating
• Minimum external components 
• DC-DC voltage output solution for Vout from 0.6V to 5.0V, 3.3V, 5.0V
• Analog voltage output (voltage divider)
• Optional: 

o Vout - I2C settable & adjustable to +/-5mV steps
o Voltage and Current Telemetry via I2C bus
o OVP, OCP, OT trip settings via I2C

• Low height profile DC-DC power modules 
• Plug and Play (no compensation required)
• -40°C to 125°C Operating Temperature
• 3.3mm x 3.3mm x 1.35mm height
• Robust packaging design:  high tolerance to drop and vibration
• Pin compatible to FS140x and FS160x series

New Product:  
FS1003 –3A Power Module with Telemetry Option
FS1006 – 6A Power Module for 3.3V/5.0V with Telemetry Option

Advantages
• Small footprint, reduces system size and allows for tight PCB density

• Very high power density, improves performance in smaller size

• Reduced PCB size, cuts overall system cost

• System level power management: voltage & current telemetry 

• Ease of Design Tools

o QSPICE and Simplis Design Models available

o Starter designs (schematics/layout) available on Ultralibrarian

o Thermal design models on Ansys IcePAK

Page 29

FS1003
FS1006

TDK mPOL Vout Iout Analog Vout Digital Vout Options

FS1606-0600-AL 0.6V to 1.8V 6A Yes Yes, +/-5mV steps Telemetry

FS1003-0600-AL 0.6V to 5.0V 3A Yes Yes, +/-5mV steps Telemetry

FS1006-3300-AL 3.3V 6A Yes Telemetry

FS1006-5000-AL 5.0V 6A Yes Telemetry
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FS100x Block Diagram 
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FS1006 - Voltage of Operations
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FS1006 & FS1003 - Voltage of Operations

Page 32



uPOL  Chip-Embedded DC-DC Power Modules © TDK Corporation  2023

15,815,8 0,00

8,0

5,60

FS1006, FS1003, FS1606, FS1604, FS1603 – Pin Configuration

Also Pin-pin to FS140x series
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FS1006, FS1003, FS1606, FS1604, FS1603 – Register Information
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3A to 4A
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6A to 200A
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µPOL Chip-Embedded DC-DC Power Modules
   µPOL Website

TDK μPOL  DC-DC Converters | MicroPOL | TDK Corporation - Americas
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https://www.us.tdk.com/news_center/upol/index.php
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