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UPOL Chip-Embedded DC-DC Power Modules

FS1006 & FS1003
Chip Embedded Power Module

New Product Introduction: FS1003 and FS1006

. Complementary products to FS160x series

1.35mm height |

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

TDK Corporation
Communication Devices Business Group ® uPOL
Q3 2024



Attracting Tomorrow @TDK

TDK uPOL Chip Embedded Power Modules

Quick Power Selection Guide

TDK’s uPOL Chip Embedded Technology provides endless opportunities to save space, design time without compromising in performance.
These power modules contain matching MOSFET, Driver, Inductor and thermally enhanced package make it possible to provide the most optimum
solution without comprising performance, while reducing the number of external components to reduce the overall system cost.

TDK nPOL Vout / lout
m 0.6Vto18Y Current sharable
ST 4A (13W 15Ato 25A 25A to 200A
25A - TH ERMS«L DERAT)ING FS1412 0.6Vto 18V ~
< . 6Ato 12A
E o No Airflow
Z a 0.6V to 2.5V
2 FS1606/1406 =0
=2
20mm o _ 25V 833V -
2 2.0 No derating necessary for FS1604/1404 Y
3 A v 12 FS1603/1403 IEYVZEF00N
- s FS1703 (3.3v) 3A
= 1.0
> m 0.6V o5V -
s 0 3A
0 20 40 60 80 100 33V & 5.0V
AMBIENT TEMPERATURE (C) m_e;\o
0.4V t0 3.3V
FS3303 =0
Minimal External Components Enhanced Thermal Design Complete POL DC-DC Power
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UPOL Chip-Embedded DC-DC Power Modules

Completely Integrated Solution

FS1006 & FS1003 30 Wattsl |
Chip Embedded Power Module

Voltage Setting:
0.6V to 5V with +/-5mV step size

1.35mm height |
N Telemetry:
Vin, Vout, lout, Temperature

Attracting Tomorrow &TDK

It VouT
l PVin Vout l\ =
K3 Vin
I TDK irts
MPOL Vib | Option:
- Settabl
&) oo | T
FS1006 Bottom T resistor
FS1 GOX RBottom
— PG PGND
T — EN AGND

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

uPOL e Chip-Embedded DC-DC Power Modules Page 3
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FS1606 & FS1006 & FS1003
Chip Embaridad Pawer Modula Attracting Tomorrow &TDI(
e Best in Size and Performance
y with Telemetry Monitors for voltage, current & temperature

3.3mm

1.35mm height |

New Products

* Same pinouts: FS160x and FS100x series TDK pPOL Vout lout Analog Vout Digital Vout  Options
* FS140x and FS160x and FS100x also same FS1606-0600-AL |0.6V to 1.8V|  6A Yes Yes, +/-5mV steps| Telemetry
pinout FS1606-1000-AL 1.0V B6A Yes Telemetry

* FS160x and FS100x series have Telemetry FS1606-1050-AL 1.05V 6A Yes Telemetry
from 1A to 6A FS1606-1100-AL 1.10V 6A Yes Telemetry

- FS1606-1200-AL 1.20V 6A Yes Telemetry

u PVin Vout ‘m FS1606-1500-AL 1.5V 6A Yes Telemetry

Voltage Seting: T "™ ok ;| Ay FS1606-1800-AL 1.80V 6A Yes Telemetry
0.6V to 5V VT:: n::mv step size LPOL g, - gﬁ&'t;’é.:h FS1606-2500-AL 2.5V 6A Yes Telemetry
VI VT, G, TAIRRERTS | iy oo | eoker | E£S1604-2500-AL 2.5V 4A Yes Telemetry
I :ﬁ Zg:g | 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, +/-6mV steps| Telemetry

FS1006-3300-AL 3.3V 6A Yes Telemetry

FS1006-5000-AL 5.0V 6A Yes Telemetry

Page
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Attracting Tomorrow &TDI(

FS1003 & FS1006 Value Proposition

TDK puPOL Vout / lout
FS1525 Ofgfqtf 12-§Koc,,rremhamble
° to 200A FS1003 & FS1006:
0.6Vto 1.8V O v Adds critical DC-DC 1A to 6A in small form factor power to complete TDK’s 1A to 200A
6Ato 12A portfolio

v" Focuses on Computing, Al, Edge and Industrial applications requiring Telemetry for advanced
power monitoring for voltage, current & temperature

FS1606/1406 0.6V t0 2.5V 1,

6A v' Ease of Design for DC-DC power: high integration, low BoM, few external components,
2 5V & 3.3V flexible analog or digital power design
FS51604/1404 4A O v" Robust chip embedded module design: excellent thermal performance, -40C to +125C, light
weight 50mcg, high tolerance to drop and vibration, low height 1.35mm
ight 50 high tol d d vibration, low height 1.35
FS1603/1403 3.3V&50V O v' Application Examples:
FS1703 (33V) 3A » Al: Nvidia Orin, Cameras, Machine Vision, Video
> Al: loT Sensors, Instrumentation
06V to 5V » Industrial, Medical: Use with Predictive Maintenance using Telemetry monitors
FS1003 3A » Edge Computing, GbE, 10G to 1.6T, SFP port and chipset power
» FPGA/SoC/ASIC power for small form factor: SoM, PCle, 1U-3U form factors
FS1006 33V&50V » Vertical power design applications for high density power on-board or in SoC development
6A

0.4V to 3.3V
FS3303 TR

. Page 5
uPOL e Chip-Embedded DC-DC Power Modules & © TDK Corporation ¢ 2023
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Application Examples



UPOL Chip-Embedded DC-DC Power Modules Attracting Tomorrow 42 1 LIK

Popular Applications Use Case 1: Nvidia Orin, Machine Vision, Robotic Vision, Video

12Vinput

v’ Ease of Design power solution
5.0V, 6A o H H
FS1006-5000 T ——— b Nvidia v Low BoM, small size, low height
Jetson .
v Excellent for small form factor carrier board

with Nvidia Jetson module
Orin Nano FS1006 Chip Embedded Power Module

~

L, |USB;-Audio Codec, :
Fan Control, HBM Orin NX

0.7V to 0.9V
FS1606-0600

1V, 2V, other ethernet GbE
FS3303-0400

@ FS1006 6A / 30W
1.35mm height |

| Sys_ResET ‘ Chip Embedded
uC PIC \ P
Microsemi > Power MOdUIe
) | Enables ' 8.3mm 3 31ym x 3.3mm x 1.35mm height
(power sequencing) ;
—} \
3.3V / 3Ato 6A
—» ESHIVOERKION(N] DD 3Vv3_ system VDD 3V3
T FS1604-3300 (4A) > g:scclr;?rge —»| (PCle, Camera-I2C, c \ | .
PG (0:n) Display/HDMI, =
M.2 L;SA';?; PV, (12V) [ —- _Ii pv, SDA scl Vour H
LDO’s 2 T 270 b (5.0V)
- - IN
FS1606-1800 (6A) e AN =
1.8V system — v FS 1006 =—C
FS1003-0600 (3A) Discharge VDD_1V8 c =L « out
cireutt (DP/HDMI, level shift, T 49.0ka
di d I2C/Camera & other, - ’ PGnd
—| AUOI0 cotee GPIO, UART PG
fan control
ethernet GbE I ——En ADDR AGnd 1
FS1003-3300 (3A) 25V/3A oy Raoor %
FS3303-0400 (4A) » MIPI Cour| 2 X 221F/0805/X5R/6.3V ==
C,.. | 2.2uF/0603/X5R/ 10V

uPOL ¢ Chip-Embedded DC-DC Power Modules Page 7 © TDK Corporation * 2023



TDK pPOL for Al: Power for AMD-Xilinx Attracting Tomorrow 4 1 IIIK

FPGAs/SoCs: Zynq 7 & Zynq UltraScale+
Popular Applications Use Case 2: : Machine Vision, Robotic Vision, Software Definable Radios

&TDK 2 v’ Ease of Design power solution
0.72V, 0.85V Zynq US+ Cost Optimized : é‘: v' Low BoM, small size, low height

FS1003 TA-EA R v" Small form factor 1U to 3U — SoM

FS1406-0600 VOOTQE5V/0 72V | e gy I SERSS S ¢
VCC_PSINTFP, VCC_PSINTLP, ] : : 08D
VOUT Ta70% VCC_PSINTFP_DDR L ouE B A : : v’ -40C to +125C, excellent thermal

Eggggg BV TVl VCCAUX, VCus, VCCO_PSADC, B etesstenosssitee it tealt deratings without airflow

o] VCC_PSAUX

FS3303 1.2V, 100mA Q@ g x|, | , FS1003 3A / FS1606 6A

Power Module

FS1003,FS1406 1.2V, 1A- 6A VCC_ PSDDR, : : /ZUBOARDICG A
FS3303 HE  poR vDDa/VDD (5 & . its 3.3mm x 3.3mm x 1.35mm height
S —— 1.2V /1.8V/2.5V/3.3V, = & T o M- 5.57 ) '
, 1Ato 6A f - TAMDZ s : [ ‘ 1
FS1006 S | i ey — @

ARBANMAAAAAMOANAODARRARAAAMAMME P )

g [0

VOUT 5
1. FS1003 2. FS3303 (3A)
new versions, ne\tgg—Dcl .
same pinout as replacmen . |
S s with low voltage v’ Total solution: 7mm x 7mm
with telemetry. gll;l\llt:mg/
- ’ - R71 R72
R78 ean C7 1
3171 l' g J \

-~

uPOL e Chip-Embedded DC-DC Power Modules © TDK Corporation * 2023



HPOL Chip-Embedded DC-DC Power Modules Attracting Tomorrow &4 T DIK
Popular Applications Use Case 3: 10T, Edge GbE Ethernet

Power for
Ethernet Chipsets

R TDK puPOL
ol FS1606 / FS1406
g o DA _ FS1003 Power for 10G to 200G+
o - o 0.8V to 5V Broadcom
| = 1A to 6A Marvell

TDK pPOL Intel

51505 AsICs
TN 15A to 25A
0.7 to 1.0V

v’ Ease of Design power solution

- _ TDK pPOL
@ FSlOBG v" Low BoM, small size, low height
SFP port  ga/3.3v v" Small form factor power: i.e. PCle
power v" Excellent thermal

deratings without airflow

uPOL e Chip-Embedded DC-DC Power Modules © TDK Corporation * 2023



UPOL Chip-Embedded DC-DC Power Modules

Popular Applications Use Case 4: 10T, Al Sensor Fusion

&TDK Al Power
Zvnq UltraScal Sensor Density
0.72V, 0.85V/0.9vV ynq UltraScale+ : TDK
FS1525-0600 3A-12A ;38:25 gggg Fusion et
FS1412-0600 Vout - F51525-12A to 25 bttty Zu04 CG/EG K

VCC_PSINTFP, VCC_PSINTLP,

VCC_PSINTFP_DDR ZUly. CHIEG

SRICIO[SROe{0[0]] VOUT 1a-FS1412 6A to 12A
VOUT 1b- FS$1406 1A to 6A

1.8V, 2A-4A

FS1606-0600

FS1003-0600 1.2V, 1A-2A
FS3303

FS1003-0600
FS3303

VCCAUX, VCCIO, VCCO_PSADC,
VCC_PSAUX

VCC_PSPLL, v.-”_PSDDR_504

1.2V, 1A - 2A MGTAVTT

NDT

3D scanners

DN NI NI NI NI N

(Non-destructive test)

Attracting Tomorrow @TDK

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

FS1606 & FS1006 & FS1003
Chip Embedded Power Module

FS1003-0600
FS3303

FS3303 1.8V, < 1A

3.3V, 4A
5.0V, 3A

MGTAVCC

MGTAVCCAUX

9] System Voltage

FS1604-3300
FS1603-5000

FS1003-0600

1.2V /1.8V/2.5V/3.3V,
1A to 3A .
€@ VCCIO option

Similar FPGAs:
AMD-Xilinx: Zynq 7, Artix, Spartan
Altera: Cyclone, Agilex 3, Agilex 5
Microsemi: Polarfire3
Lattice: Avant-E

——p  1.35mm height |

loT 3D Cameras

Vision & Inspection

FS1606, FS1003

6A/4/3A Power Module

* Bestin 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

* -40Cto +125C

* |2C Telemetry (voltage, current, temp)

Settings for
OVP = over voltage protection
OCP = over current protection
OT = over temperature protection

uPOL ¢ Chip-Embedded DC-DC Power Modules

© TDK Corporation 2023



TDK uPOL: Embedded Solution Partner & Power by FPGA/SoC Vendor & Family

Low End

Mid-range

Attracting Tomorrow &TDI(

ARM MO-M4
Atmel
Microsemi

Embedded
Control

POWE r < 5Watts
FS1403
FS1003
FS3303

AMD-Xilinx Zynqg 7
Altera Cyclone, Agilex 3
Sundance

NXP i.Mx8

Nvidia, Other

< 10Watts

FS1406,FS1606, FS1404
FS1003
FS1403
FS3303

uPOL e Chip-Embedded DC-DC Power Modules

AMD-Xilinx Zynqg 7
AMD-Xilinx Zyng US+
Microsemi Polarfire
NXP i.Mx8

Altera Sundance

Efinix
Microsemi

< 15Watts

FS1406, FS1606,
FS1404
FS1403
FS1003
FS3303
FS1006

AMD-Xilinx Zyng US+
AMD-Xilinx RFSoC
Microsemi Polarfire
AMD-Xilinx Kintex US+
Altera Arria 10

Altera Agilex 5

Cavium Octeon

NXP QorlQ

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

15Watts to 30Watts

FS1525, FS1412
FS1406, FS1606, FS1404
FS1403

FS1003

FS3303

FS1006

Altera Arria 10 / Stratix
10

Altera Agilex 7
AMD-Xilinx Virtex
AMD-Xilinx Versal

NXP QorlQ

Cavium Octeon

Other SoCs:

Nvidia Orin
Esperanto Tech
Mobile Eye

ADAS ASICs
Multi-ARM A5x SoCs
Server/Al Accelerator

ASICs

30Watts to 50Watts

FS1525, FS1412
FS1406, FS1606, FS1404
FS1403

FS1003

FS3303

FS1006

Altera Arria 10 / Stratix 10
Altera Agilex

AMD-Xilinx Versal Al
AMD-Xilinx Virtex US+

50Watts to 200Watts+

FS1525, FS1412
FS1406, FS1606, FS1404
FS1403

FS1003

FS3303

FS1006

© TDK Corporation * 2023
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TDK uPOL Chip Embedded Technology:
Adding the FS1003 and FS1006



UPOL Chip-Embedded DC-DC Power Modules

Completely Integrated Solution

[C+Driver+
FS1006 & FS1003 MOSFET

Chip Embedded Power Module

1.35mm height |

\ Inductor

4 TDK Component Quality Embedded

- Entire BOM supplied by TDK Package
(SESUB)

Attracting Tomorrow &TDK

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

uPOL * Chip-Embedded DC-DC Power Modules Page 13
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Attracting Tomorrow &TDK
UPOL 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

ik Discrete Solution 6A Chip Embedded Power Modules
. L0 VOUT
@7 .—l: PVin Vout O
] T Vi Fs160x l\ Analog
- Output
- Option:
gl 1 Optional12c  —| SDA ¥t T \S/:ttab',eh
. bawer | SO i | it
management T | ADDR RBottom
@ —— —{ PG PGND j_/
[ — EN AGND

uPOL e Chip-Embedded DC-DC Power Modules Page 14 © TDK Corporation * 2023



Attracting Tomorrow

FS1412

45 Watts + 25A Power module 21 Watts

I ‘ * Current sharable:

TDK uPOL Chip Embedded Power Modules

» 12A Power Module
n=1to 8 phase: 25A to 200A . ;ﬂ VS
« Vout: 0.6V to 1.8V ' ’

« Vin: 4.5V 1o 168V » Analog, I2C/PMBus plus Telemetry

* Analog, 12C/PMBus plus Telemetry 4.9 mm x 5.8 mm x 1.6 mm height

6.8 mm x 7.6 mm x 3.8 mm height

« 3A to 6A Power modules + BA Power modules
15 Watts + All same pinout 30 Watts + "FS1006 3.3V & 5.0V Vout @ 6A

+ "FS1606 / F$1406 0.6V to 2.5V Vout - « 12C plus Telemetry
© Tommanme  Same piout s 1605, F 1405
« FS1703 5V Vinto 3.3V Vout
+ FS160x, 12C plus Telemetry 3.3mm x 3.3 mm x 1.35 mm height

* \in see datashest

*\in s=e datashest

140x: 3.3mm x 3.3 mm x 1.5 mm height
160x: 3.3mm x 3.3 mm x 1.35 mm height

« 3A Power modules

15 Watts + Vout- 0.8V to 5V <10 Watts + 3A Power modules
P * Vin: 4.2V to 16V * 0.4V to 3.3V Vout @ 3A
w @ * 12C plus Telemetry . ﬁ « 2.7V to 5.§V Vin
« Same pinout as FS160x, FS140x * Ishutdown: <1uA max
3.3mm x 3.3 mm x 1.35 mm height 2.5mm x 2.5 mm x 1.2 mm height

S&TDK

uPOL e Chip-Embedded DC-DC Power Modules

© TDK Corporation 2023



Attracting Tomorrow @TDI(

TDK uPOL Chip Embedded Technology:
Paving the new way for Vertical Power Design



New Products

Sampling

FS1525

25A Current Sharable Power Module

* Bestin Class Size & Current Density:
6.8mm x 7.6mm x 3.8mm height

* Vin: 4.5V to 16V

* \Vout: 0.5Vto 1.8V

* Jlout: 25A

* Sharable up to 8-phase: 25A to 200A

*  PMBus/I2C Telemetry

Attracting Tomorrow @TDI(

FS1606 & FS1006 & FS1003
Chip Embedded Power Module

1.35mm height | Released

S

FS1606, FS1604, F51603,\F51006, FS1003

6A/4/3A Power Module (see datasheet for specifics)
* Bestin Class in Size with Telemetry

e  3.3mmx3.3mm x 1.35mm height

* Vin: 4.5V to 16V

* \Vout: 0.6V to 5.0V

* |2C Telemetry

Coming next...

Engineering
Samples

Q4 2024

FS3303

3A Power Module

e 2.5mmx2.5mm x 1.2mm height
e Vin=2.7Vand 6V

*  QOutput Vout Range=0.4V to 3.3V



Best in Size and Performance Attracting Tomorrow 4 1 DIK
Leading solutions for Vertical Power

FS1606 408 Amps/cm® | 15W/6A

H“ ||H HH HH HH ||H HH HH ‘H HH RESEDD |00 Armpstony” [ SN
CM
0 1

2 3 4 S

b d
25 Amps S&TDK
— (sharable to 200A)
— FS1525
3 12Amps O 9mm x /.6mm
— FS1412
— RATyE 4.9mm x 5.8mm x2 to x4
— FS1606 TDK pPOL Hiah d n
—— 3.3mm x 3.3mm Chip Embedded Power Modules Igher power aensity
2 ——  3Amps lsr:g:irgof:gg'gns_t Over competitors
— FS3303 .
T ——=2.9mmx 2.omm ‘ wPOL | PowerDensity | Watts
4 — 04 1412 _— FS1525 |127 Amps/cm® | 45W/25A
— L2mm heigh - - - FS1412 |263 Amps/icm® | 21W/12A

uPOL ¢ Chip-Embedded DC-DC Power Modules Page 18 © TDK Corp(])'rgation « 2023



HPOL Chip-Embedded DC-DC Power Modules Attracting Tomorrow &% TIDIK

Placement Flexibility

TDK nPOL™ IS BEST IN SIZE/DENSITY
FLEXIBLE PLACEMENT ADVANTAGE

1.35mm height 5
(FS1606) : FS1400 :
3D Chip Embedded Power Modules

1.5mm
Height

Ultrathin

1.6 milimeter height

(Inside

*4 mm hood clearance

multi- .ﬂtRI'u'I FF:GA_,
Example: High Board Density Design, Power Profile Spacing IRy

POL between
tight spaces

POL on Board
Backside

POL between
carrier / daughter cards

uPOL * Chip-Embedded DC-DC Power Modules Page 19 © TDK Corporation » 2023



I ttracting Tomorrow 4 1 IK
Concept of Vertical Power Attracting T

INDUCTOR SOC + Memo ry INDUCTOR

Discrete Base Power Deliver System

FS1525 25A Chip Embedded
Sharable to 200A

‘ VERTICAL POWER SOLUTIONS Power Module

6.8mm x 7.6mm x 3.8mm height

SOC + Memory
FS1606 & FS1006 & FS1003

Chip Embedded Power Module

uPOL Power Deliver System

2mm - 4mm height or less 1.35mm height |

@TDK uPOL power modules

uPOL * Chip-Embedded DC-DC Power Modules Page 20 © TDK Corporation » 2023
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TDK uPOL Chip Embedded Technology:
Ease of Design Using the FS1003 and FS1006



DeS|gn Example 1 Ease Of DeSIQn Attracting Tomorrow &TDI(

1A to 6A, 0.6V to 5.0Vout v Low BoM, minimum external components
v" Small size total solution
v’ Flexible Vout setting

cs o3 2 Digital Vout Set (+/-5mV steps)

22uF22uF 0.1uF

T l Or Telemetry via 12C
I I i M B 7 Exact your Analog Design:
% g % % 3 4 SCL RS & 59K Z
a > C Vee H
= R sot [ — W * Qspice
R1 27 | oe 10 SDA — W\ R7 . .
o e ro [H—ES— A, s e Simplis
_:l:_wF.-foﬁDs_.-'-lo FS1003 (3A) en |2
= SECEl Fs1606 (6A) Rrop
' s - —T%  — 1.667Vyyr — 1 — 0.0000066R7gp
ND_pad / R
R2 3 i N/S BOTTOM
6.34k. 5 PGND
VoS = 9 =
G
= o AOND Popular Vout for FPGAs/SoCs
I2C address=0x10 ~ & Controllers
R3 412k 22uF c5
J8 AAA 1
1 2 oveD 12.1k R9 C11 = 100pF 20UF |, C6 Vour (V) Rrop /Reotrom| Vour (V) Rror /Reotrom
0o A d - A 0.65 0.0563 1.05 0.7331
3 4 10 - -
O O W - 0.7 0.1401 11 0.8063
S o o AN ol ok o 0.72 0.1738 1.18 0.9321
7 O O g User option m R12 1 0.8 0.3098 1.2 0.9763
L Analog Vout L 0.85 0.3924 15 1.4714
B Output Voltage Selector . B 0.9 0.4758 1.8 1.9619
Resistor Set 0.95 0.5628 25 3.1692
1 0.6348

uPOL e Chip-Embedded DC-DC Power Modules Page 22 © TDK Corporation * 2023



Design Example 2a: Ease of Design

6A, 5Vout or 3.3Vout

Preset Vout

DC-DC modules
High Integration

C

PV, (12V) [} _Ti +——PV

L T
N B Vin

—

C ; VCC

“== 9.9k
PG
[ ——En

SDA SCL

FS1006

6A

V

ouT

Fb

PGnd

AGnd

ouT

(5.0V)

ouT

C,. | 1 X68uF/25V (optional)
+2 X 22F/O805/X5R/ 16V

Cour| 2 X 221F/0805/X5R /6.3V

Cy. | 2.2uF/0603/X5R/10V

ADDR
Roo %

v' Low BoM, minimum external components
v' Small size total solution

v’ Excellent performance: Best in Efficiency and Size

Attracting Tomorrow &TDI(

Popular System Voltages:

95

90

Efficiency (%)

80

75

85

* FS1006-5000 - 5.0Vout / 6A
* FS1006-3300 - 3.3Vout / 6A

/ -8-5V —+-3.3V

1000 2000 3000 4000 5000 6000
lour (MA)

uPOL e Chip-Embedded DC-DC Power Modules

Page 23
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Design Example 2b: Ease of Design
6A, SVout or 3.3Vout v pigh density power to 30W

FS1006

6A / 30W

a0 )

ny O
AT I e

=

Lam|

Chip Embedded
Thermal packaging
design

Substrate with Die
embedded between layers

Chip Embedded IC:
DC-DC+FETs+Driver

v’ Excellent thermal derating without airflow

Chip Embedded pPOL™ Technology

Cross Section View

Inductor 1.35mm

SeSUB Layer View (3D)
Copper Heatsink

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

Attracting Tomorrow &TDI(

Example Thermal Derating:
* FS1006-5000 - 5.0Vout / 6A

Pending
Derating curve

uPOL e Chip-Embedded DC-DC Power Modules

Page 24
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Design Example 3: Ease of Design
FS1606, FS100x series — 12C Telemetry

v" Set OCP, OVP, OTP Protection
(current, voltage, temperature)
v Telemetry: Pvin, Vout, Fb, lout

FS1606

FS1606

FS1604

FS1603

12C Capabilities

Inventory

Telemetry

Examples
Device ID

Configuration Vout setting +/-5mV

Vout, lout, Power,
Temperature

QU

faradaysemi

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

EV1606-0600-A
EV1604-3300-A
EV1603-5000-A
EV1003-0600-A
EV1006-3300-A
EV1006-5000-A

Attracting Tomorrow @TDK
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Evaluation Boards:

I 99 | AB ! 30 l 00 [ 10 | A0 I c3

10‘03'82|7F|C4’20|00 83

OOIBA‘OZ 29 01\00‘01

Optional
Ordering Code:
“TDK-PMBus-12C
Dongle”

micro-POL
PMBus Dongle
for programming

Use with
TDK’s CondUIT GUI

uPOL ¢ Chip-Embedded DC-DC Power Modules
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FS1003, FS1006, FS1606, FS1604, FS1603
Evaluation Boards & Other Design Collateral

EV1003-0600-A

EV1006-5000-A

EV1006-3300-A

EV1606-0600-A

EV1604-3300-A

EV1603-5000-A

FS1003 evaluation board

FS1006-5000 evaluation board
FS1006-3300 evaluation board

FS1606 evaluation board

FS1604 evaluation board

FS1603 evaluation board

Dongle to be used with TDK

FS1003 set in
voltage divider
mode. Set to 1.8V.

5.0V out
3.3V out

FS1606 set in
voltage divider
mode. Setto 1.8V.
User can change

resistor for Vout to
0.6V to 1.8V

FS1604 set to
3.3Vout

FS1603 set to
5.0Vout.

Dongle connects to

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

See CondUIlt GUI in TDK

Attracting Tomorrow &TDI(

P

>
<)

(%l EV1003-0600-A

Evaluation Boards:
FS1606, FS1604, FS1603

FS1006, FS1003

HEEEE o

TDK-PMBus-12C dongle CondUIt GUI Software for 12C  eval boards Product Center. ' R PIIRER  < |
P cmuniaons i onltoL et s [DONgle opion for 2C/PMBUS:
wi , , ; under Technical support tools.
FS1604, FS1603, FS10086, FS1606, FS1604, FS1603
FS1003 FS1003, FS1006
uPOL e Chip-Embedded DC-DC Power Modules Page 26 © TDK Corporation * 2023



http://www.tdk.com/POL
http://www.tdk.com/POL

Advanced Power Management
TDK FS1525, FS1412, FS1606, FS1003, FS1006

v" Expands the portfolio for more advanced power management functionality with
PMBus / 12C capabilities

ES1525

F§1525

FS1412

Attracting Tomorrow &TDK

1to n - phase

Parti | lo(A) | Volv) |  Busiff 1528 ot
FS1525  25A-200A  0.6-1.8  PMBus/I2C e o
Up to 8p FS1412 -
ES1525
FS1412 9A/12A 0.6-1.8 PMBus / 12C orw— -
FS1606 1A to 6A 0.6-2.5 12C only PMBus/I2C IC Capabilities
Examples
FS1006 6A 3.3V, 5.0v 12C only Inventory Deviea:|D o
ON/OFF Configuration
Configuration — Fault / Warnings
FS1604 aA 2.5V, 3.3V 12C only | Semenaind Doley/Rares
Vout, lout, Power,
FS1603 3A 3.3V, 5.0V 12C only ==
FS1003 3A 0.6V to 5V e em
uPOL * Chip-Embedded DC-DC Power Modules Page 27
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TDK pwPOL Chip Embedded Technology:
Product Summary and Technical Details of FS1003 and FS1006



New Product:

FS1003 —3A Power Module with Telemetry Option

FS1006 — 6A Power Module for 3.3V/5.0V with Telemetry Option

L VouT
FS1606 & FS1006 & FS1003 B PVin Vout ~
Chip Embedded Power Module . 1\ ]
+ 1 Vin FS1003 y |
- utpu
FS1006 Vfb | Option:
1.35mm height | Optional12¢  —| SDA T Settable
Advanced — SCL z VOLft;NIth
power Bottom ;es's or
management | ADDR Bottom
— PG PGND
[ — EN AGND i
Highlights Advantages

MPOL™ Technology Includes Inductor, Controller,
Power MosFETSs, Driver and Digital Engine
Thermally Enhanced Package for excellent lout 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 - 12C settable & adjustable to +/-5mV steps
o Voltage and Current Telemetry via I2C bus
o OVP, OCP, OT trip settings via 12C
Low height profile DC-DC power modules
Plug and Play (no compensation required)
-40°C to 125°C Operating Temperature

Attracting Tomorrow &TDK

+  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
@)
O

QSPICE and Simplis Design Models available

Starter designs (schematics/layout) available on Ultralibrarian
Thermal design models on Ansys IcePAK

TDK uPOL

Vout

lout

Analog Vout

TDK pPOL
FS1525

Vout / lout
0.6V to 1.8V

T5A fo 25A ©

0.6V to 1.8VO

FS1606/1406

6Ato 12A
0.6V to 2.5V o

FS1604/1404

6A
2.5V & 3.3V

FS1603/1403

A

3.3V & 5.0V

FS1703 (3.3V)

FS1003

3Ao

0.6V to 5V

FS1006

3AO

3.3V & 5.0V

FS3303

SAO

0.4V to 3.3V o

Digital Vout

3A

Options

3.3mm x 3.3mm x 1.35mm height

Robust packaging design: high tolerance to drop and vibration FS1606-0600-AL 0.6V to 1.8V 6A Yes Yes, +/-5mV steps| Telemetry

Pin compatible to FS140x and FS160x series 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

Attracting Tomorrow V);A‘}TDI(

Vin Vee
I I
| == |
AGnd |_J]
L
Low Drop-Out I
Internal Reference (LDO) I
(Digital-to-Analog Vour Fault PV Regulator V
Converter (DAC)) Cc T
{1PViy
IF’ Ise G tor f =
B [ | Pulse Generator for
Pulse Width :Uﬂ .. 3
Soft : Modulation (PWM) g Gate Drive
SDA | Start > signal | Logic and L
[1°c + Memory glc 8 ] Vo
SCL Li | OTP Fault Vee HDrv Deadtime
Control
Thermal | LDrv
ADDR [3 l Address shut-down
B | Detector Fault ———{] PGnd
Control
di / __ | and Fault
ment/marginin .
. Justment/margining I Logic Telemetry E
EE E| : (Pvin, Fb, Vout,
- |
I Address, Temp, lout) I Temp sense
] J Power-on reset
Page 30 © TDK Corporation * 2023
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FS]_OO6 - Voltage Of Operations Attracting Tomorrow @TDI(

Typical Applications

12v Vour 12v Vour
——PV., Vour — O O——FVs Vour ]
v o E v
M = ]
= J 1I"r-:-: J
—{sDa Fb 1 SV _lspa Fb 1
—5CL T — 5CL T
—1{ADDR PGnd —ADDR PGnd
n n +
— PG _] — PG J
r—1en AGnd 1 T —En AGnd 4
Figure 4 Single supply applications circuit Figure 5 Dual supply applications circuit

Standard Part Numbers

Output voltages of 3.3V and 5.0V are availakle.

Part Number Vour (V) Quantity per Reel Package Description™ Package Designator
FS1006-3300-AL 3.3 3,000 17L Open Top LGA SiP ADL
FS1006-5000-AL 5.0 3,000 17L Open Top LGA 5P ADL

*  Compliant with EU Directives REACH and RoHS. RoHS is defined as semiconductor products that are compliant with
the current EU RoHS5 requirements for all 10 RoHS substances.
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FS]_OO6 & F81003 - Voltage Of Operations Attracting Tomorrow @TDI(

Typical Applications

12V Vour 12v Vour
V., Voo 0 o—— PV Vo 0
v i Vi,
“ —
== D—l: Ve
—1sDA Fb 1 SV —15DA Fb |
—5CL T —15CL T
—{ADDR — ADDR
PG PGnd _] — lp5 PGnd J
I —En AGnd 4 I —1En AGnd L
Figure 4 Single supply applications circuit Figure 5 Dual supply applications circuit
Standard Part Numbers
Output voltages of 3.3V and 5.0V are available.
Part Number Vaur (V) Quantity per Reel Package Description® Package Designator Part Mumber Vaur ['lg': Quantity per Resl Package Dﬁn-iptiun‘ Package Designator
FE1006-3300-AL 3.3 3,000 17L Open Top LGA 3P ADL F51003-0600-AL 0.60 3 000 17L CFFIEH Tﬂlp LGA SiP Ao
FS1006-5000-AL 5.0 3,000 17L Open Top LGA 5P AD1
* Compliant with EU Directives REACH and RoHS. RoHS is defined as semiconductor products that are compliant with
the current EU RoHS requirements for all 10 RoHS substances.
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FS1006, FS1003, FS1606, FS1604, FS1603 — Pin Configuration

Pin configuration

Pin functions

EG E — 3 ,-141_,—13—] 3 2 T | | ; | Pin Number | Name | Description
- :] 1 SDA I2C Data Serial Input/Output line. Pull up to bus voltage with a 4.99kQ resistor. If unused tie to
r2 i‘ e ‘i |17|_|_12] 12 [2] AGnd.
17 16 Power Good status. Open drain of an internal MOSFET.
ESj | !_ L D 13 2 PG Pull up to Vec — pin 10 Er an external bias voltage, with a 49.9kQ resistor.
Dj : -i Doj 3 En Er:;it;iprgf?esg;]e FS1606 on and off. Can be used with two external resistors to set an external
E53 L——— = E9j E’ 4 SCL I°C Clock line. Pull up to bus voltage with a 4.99kQ resistor. If unused, tie to AGnd.
F————n - . - —
Eej o _7_ ] Eaj ,Tl | 7 | IT' 5 b ;een:;::;c:&tizr;r:;cl:::e\fOUT on the application board using an external resistor divider to set
Fure 1 Pin layout (top view) Figure 2 Pin layout (bottom view) 6 ADDR |Address. Connect to AGnd through a resistor to program FS1606 address (pages 15,17 and 18).
7 Vour Regulator output voltage. Place output capacitors between this pin and PGnd (pin 8,16).
8,16 PGnd |Power ground. Serves as a separate ground for the MOSFETs. Connect to the power ground plane.
Signal ground. Serves as the ground for the internal reference and control circuitry. This should be
2 AGnd tied to pin 8 and connected to a power ground plane through vias.
10 Ve Supply voltage. This is the Ol,.ltput. of the ?n'.cernal LDO regulator;. it may also be used to apply an
AlSO Pin—pin to FS140x series external Vccvoltage. If used in this way, it is recommended to tie Vin and Vcc.
1 Vin Input voltage. Input for the internal LDO regulator. For single supply applications, this should be

tied to PVin using a 2.7 Q resistor. If a separate Vcc is used it is recommended to tie this to Vcc.

12,13,14,17 |PVin Power input voltage. Input for the MOSFETs.
15 Vsw Test point for internal Vsw. Connect to an isolated pad on the PCB.
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FS1006, FS1003, FS1606, FS1604,

Attracting Tomorrow

FS1603 — Register Information

S&TDK

Register Name Description Hegister Mame Description
oc PVin_report[7:0] PVin=decimal(PVin_report[7:0])*16
- . ) Reserved[7:3]
oD Vout t[7:0] Vout=decimal(Vout_report[7:0])*0.02+0.6, for Vout>1.8,
out_reportls: Vout=decimal(Vout_report[7:0])*0.01+0.3, otherwise Reserved[2]
0F lout_report[7:0] lout=decimal(lout_report[7:0])*32 10 OTP_clock_on[1] 1: enable OTP burn {turn on OTP clock)
OF Temp_report[7:0] Temperature=decimal{Temp_report[7:0]) = __
10 Reserved[7:0] vout_max_high[0]
11 Reserved[7:0] 1E vout_max_low([7:0]
12 Reserved[7:1] Unused[?:ﬁ]
high b Set up 9-bit DAC. Atomic write-protected. So both high byte and low byte _ )
Vout_high_byte[0] have to be written in order to have the value take effect. 20 User_paointer [5:3] Read the index of last user bank burned
13 Vout_low_byte [7:0] Trim_pointer [2:0] Read the index of last trim bank burned
t rt_gain[7:4
emp_report_gain(7:4] Status_pgood[7] Mot sticky, reflects real-time PG status
55_rate[3] 0: 0.5mV/us, 1: ImV/us =
14 SoftStopEnable[2] 0: disable; 1: enable Status_oup[ﬁ]
Reserved[1] Status_ocp[5]
PGControl[0] 0: DAC-based, 1: threshold-based Status Otp[tfl]
s temp_report_offset[7:3] 21 = - -
OCSet[2:0] 0: FS1603, 1: FS1604, 2: FS1606 Status_enable[3] Mot sticky, reflects real-time Enable status
16 Base_address[7:0] Status_ncl[2]
17 vout_report_offset([7:2] clear status indicate[1]
OV threshold[1:0] 0: 105, 1: 110, 2: 115, 3: 120
- Status_otp_burn[0]
18 vout_repaort_gain[7:2] = =
PG_threshold[1:0] 0: 80, 1: 85, 2: 90, 3: 95 22 fb_report[7:0] READ_ONLY
19 current_report_offset[7:2] 23 adc_out vout lower[7:0] |READ _OMLY
OT_threshold[1:0] 0: 75, 1: 85, 2: 125, 3: 145
- 24 adec_out_vout upper[7:0] |READ ONLY
current_report_gain [7:2] = = = =
1A Bus_voltage sel[1] 0:1.8-2.5V, 1; 3.3-5V 25 adc_out iout lower[7:0] |READ ONLY
OV_response[0] 0O:latched, L:unlatched 26 adc_out_iout_upper[7:0] |READ_ONLY
18 Reserved]7:0] 27 adc_out_pvin_lower[7:0] |READ ONLY
Reserved?] = = = =
Unused]s] 28 adc_out_pvin_upper[7:0] |READ_ONLY
Unused[5] 29 adc_out_temp_lower[7:0] |READ_ONLY
1c
Reserved(4] 2A adc_out_temp_upper[7:0] |READ_ONLY
Soft_Disable[3] 0: Soft Enable 1: Soft disable
Unused[2:0] 2B OTP_burn[7:0] OTP to be burned when this register is 0x15 AND OTP_clock_on[0]=1
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TDK uPOL DC-DC Power Modules

Series FS3303 FS1703 FS1403 FS1603 FS1003 | FS1404 | FS1604
Package 14 PIN LGA / 17 PIN
Dimensions 25mmx 2.5mm 3.3mm x 3.3mm x(3.3mm x 3.3mm x(3.3mm x 2.3mm x|3.3mm x 3.3mm x|3.3mm x 3.3mm x| 3.3mm x 3.3mm x
X 1.2mm 1.5mm 1.5mm 1.35mm 1.35mm 1.5mm 1.35mm
Output Current (lout) 3A 4A
3 t 4 7.2V-16V for 5V
A A 6.75V-16V for 5V |5.1V- . 6V-16V for 3.3V |4.75V-16V for 3.3V
O Input Voltage [Vin] 2.7V-6V 4.5V-5.5Vv 8Vv-16v 5.1v-16V for 3.3V
4.5V-16V for 3.3V 4.5V-16V to 4.5V-16V for 2.5V | 4.2V-16V for 2.5V
2.64V
5.00vV F$1403-5000 F$1603-5000 FS$1003-0600*
3.30V FS3303-TBD* FS1703-3300 FS1403-3300 FS1603-3300 FS1003-0600* FS1404-3300 F51604-3300
2.64V FS3303-TBD* F51003-0600*
2.50V FS3303-TBD* FS1003-0600* FS1404-2500 F51604-2500
1.80V FS3303-TBD* FS1003-0600*
1.50V FS3303-TBD* FS1003-0600*
1.20V FS3303-TBD* FS$1003-0600*
Output 1.10v FS3303-TBD* F51003-0600*
1.05v FS3303-TBD* F51003-0600*
Voltage (Vout)
1.00v FS3303-TBD* F51003-0600*
0.90v FS3303-TBD* FS1003-0600*
0.80V FS3303-TBD* FS1003-0600*
0.75V FS3303-TBD* FS1003-0600*
0.70V FS3303-TBD* FS1003-0600*
0.60V FS3303-TBD* FS1003-0600*
0.50V FS3303-TBD*
0.40V FS3303-TBD*
Telemetry No Vin, Vout, lout, Temp No Vin, Vout, lout, Temp
Evaluation Board TBD EV1703-3300-A EV1403-5000-A EV1603-5000-A | EV1003-0600-A | EV1404-3300-A EV1604-3300-A

FS3303-TBD*
0.4V -3.3Vout
w/ Voltage
Divider

FS1003-0600*
0.6V - 5Vout
w/ Voltage
Divider

uPOL e Chip-Embedded DC-DC Power Modules
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TDK uPOL DC-DC Power Modules

Series FS1406 FS1606 FS1006 FS1412 FS1525
Package LGA /17 PIN LGA /22 PIN LGA / 69 PIN
Dimensions 3.3mm x 3.3mm x 1.5mm 3.3mm x 3.3mm x 1.35mm 3.3mm x 3.3mm x)3.8mm x 4.9mm x| 6.8mm x 7.65mm
1.35mm 1.6mm x 3.75mm
Output Current (lout) 6A 12A 25A - 200A
9V-16V for 5V
6A to 2 OOA Input Voltage (Vin) 4,5V-16V** 4.2V-16V** 4.75V-16V for 4,5V-1eV 4.5V-16V
3.3V

5.00v F51006-5000
3.30V F51006-3300
2.64V F51406-2640
2.50v F51406-2500 FS1606-2500
1.80V F$1406-1800 FS1406-0600* F51606-1800 FS1606-0600* FS1412-0600* F51525-0600%
1.50V FS1406-0600* F51606-1500 FS1606-0600* FS1412-0600* FS1525-0600*
1.20v F51406-1200 FS1406-0600* FS1606-1200 FS1606-0600* FS1412-0600* F$1525-0600*

Output 1.10v F51406-1100 FS1406-0600* FS1606-1100 FS1606-0600* FS$1412-0600* F51525-0600%

Voltage (Vout) 1.05V F51406-1050 FS1406-0600* F51606-1050 FS1606-0600* FS1412-0600* FS1525-0600*
1.00vV F51406-1000 FS1406-0600% FS1606-1000 FS1606-0600* FS1412-0600% FS1525-0600%
0.90v F51406-0900 FS1406-0600% FS1606-0600* F51412-0600* F51525-0600%
0.80V F51406-0800 FS1406-0600% FS1606-0600* FS1412-0600* FS$1525-0600%
0.75V FS1406-0750 FS1406-0600* FS1606-0600* FS1412-0600* FS1525-0600*
0.70V F51406-0700 FS1406-0600% FS1606-0600* FS1412-0600* F51525-0600%
0.60V FS1406-0600% FS1606-0600% F51412-0600* F51525-0600%
0.50v
0.40v
Telemetry No Vin, Vout, lout, Temp Vin, Vout, Temp |Vin, Vout, lout, Temp
Evaluation Board EV1406-0600°-A EV1606-0600-A EV1006-3300A | ¢1412-0600-a | EV1525-0600-A
EV1406-1800-A EV1006-5000-A

*%2.5Vin FS1406-0600* **2.5Vin FS1606-0600* FS1412-0600*
. . . . FS1525-0600*
available in dual 0.6V -1.8Vout available indual 0.6V - 1.8Vout 0.6V - 1.8Vout 0.6V - 1.8Vout
suppl Volt suppl Volt Volt ot
, ppv‘ w/_ ? age . ppy‘ w/ ) ? age Wf_ c_: aBe w/ Voltage Divider
configuration Divider configuration Divider Divider
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LPOL Chip-Embedded DC-DC Power Modules
UPOL Website

TDK uPOL™ DC-DC Converters | MicroPOL | TDK Corporation - Americas
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