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Attracting Tomorrow &TDI(
Best in Class: Size, Power Density & Performance

TDK uPOL

Chip Embedded Power Modules

Applications:
o Al Edge Computing

25 Amps Telecom and net\(vor!<ing applications
Data Center applications
(scalable to 200A) Edge Computing

Optical applications

Storage applications

Industrial applications

Medical imaging

Distributed point-of-load power architectures
Computing voltage regulation

Power for Al ASICs or SoCs

Power FPGAs/SoCs

Power Density form factors: PCle, 1U-3U, VPX,
SMARC, Other

0O OO0 o0 O O O o O o0 o o

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



uPOL Chip-Embedded DC-DC Power Modules Atiracting Tomorrow &4 TDIK
Completely Integrated Solution

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

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

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

v TDK Component Quality Embedded Semiconductor Embedded in SUBstrate
- Entire BOM supplied by TDK Package package reduces size, eliminates wire bonds
(SESUB) & enhances thermal performance
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Attracting Tomorrow @TDK

TDK uPOL Chip Embedded Power Modules

TDK pPOL Vout / lout
FS1406 FS1525 e Ll §§i\°fa’§fm
6A 25A ki i et
—_ i (0 15 1
< ; AL Ao 12A
T 5 o No Airflow
e "; o | g FS1606A 0.6V 0 5.0V 1
=5 FS1525 o 6A
2omm| [ 3 2.5V & 3.3V
2 2.0 No derating necessary for FS1604A - 4A o
o TA <= 100C foerlN=12V
- 3.3 Vout FS1603A 3.3V & 50V
. g 3A
5 10 0.6V to 5V
= (0]
g 0 FS1003 T
0 20 40 60 80 100
AMBIENT TEMPERATURE (C) FS1006 22y S 5'2X O
0.3V 10 33V ~ Stackable
10A, 20A ™ 10A to 80A
3A, 6A
Minimal External Components Enhanced Thermal Design Complete POL DC-DC Power

Page
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Vertical Power — Scalable: 1A to 200A+

Attracting Tomorrow &TDK

« x2to x4
26 Amps ) .
— (stackable to 200A+) Higher power density
E— FS1525 Over competitors
3 S 12Amps ~ 6-9mm x 7.6mm « Excellent thermal derating
— FS1412 forman
— 6 Amps 4.9mm x 5.8mm periormance
— FS1606A
S 3.3mm x 3.3mm TDK MPOL
2 —— 3 &5Amps Chip Embedded Power Modules
— FS330315 Industry Leading
T—25mm x 2.5mm Size & Power Density
1 = 1412 Py T— pPOL Power Density Watts N irfl
— 1 5mm heiaht 1 35mm heiaht | 1.6mm height |22 Fs1525 | 127 Amps/em® | 45w/25A ey NO aITIOW
— m -mm - e - FS1412 | 263 Amps/cm® | 21W/12A 25A @ 90C; 20A @ 105C
—_— FS1606A 408 Amps[cms 30W/6A eJA = 105 o(_:/W
— FS3305 | 666 Amps/cm® | 16.5W/5A ©JB =1.4 °C/W
W e e e
FS3320 | 323 Amps/cm® | 33W/10A
C M FS3310 | 523 Amps/cm’ 66W/20A
0 1 2 3 4 5

uPOL ¢ Chip-Embedded DC-DC Power Modules

© TDK Corporation * 2023



Vertical Power solution using TDK uPOL

TDK uPOL

Vout / lout
0.6V to 1.8V

15A to 25A

0.6V to 1.8V

FS1412

6A to 12Ao

FS1606A

FS1604A

0.6V to 5.0V
O
6A

2.5V & 3 3V

A O

3.3V & 5.0V

FS1603A

SAO

0.6V to 5V

FS1003
FS1006

3A
3.3V & 5.0V

6A
0.3V to 3.3V

FS3303 / FS3305

O O O

10A, 20A
0.4V to 3.3V

3A, 5A 2

Stackable
25A to 200A

Stackable
10A to 80A

Complete POL DC-DC Power

Attracting Tomorrow &TDK

FS1525
45 Watts

+ Current stackable:

n=1 to 8 phase: 25A to 200A Vs
» Vout: 0.6V to 1.8V
¢ Vin: 4.5V to 16V

* Analog, 12C/PMBus plus Telemetry
6.8 mm x 7.6 mm x 3.8 mm height

+ 25A Power module

Inductor

Die Cu RDL (thermal)
Chip Embedded Power Module (Semiconductor in Substrate)

FS160xA Series - Recommended for New Designs

+ 3A to 6A Power modules 21 Watts

+ 12A Power Module

15-30 W + FS160xA pin compatible to FS140x

=3 Warts - *FS1606A 0.6V to 5.0V Vout * Vout: 0.6Vto0 1.8V
- *FS1603A 3.3V & 5.0V Vout | * Vin: 4.5V to 16V
- *FS1604A 2.5V & 3.3V Vout =

S

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

- Analog, [2C/PMBus plus Tel
- FS160xA, 12C plus Telemetry nalog, [2C/PMBus plus Telemetry

*Vin see datasheet

4.9 mm x 5.8 mm x 1.6 mm height

FS1003

+ 6A Power modules

* *FS1006 3.3V & 5.0V Vout @ 6A
 12C plus Telemetry

» Same pinout as FS160x, FS140x

+ 3A Power modules
15 Watts * Vout: 0.6V to 5V

* Vin: 4.2V to 16V

* 12C plus Telemetry

g g « Same pinout as FS160x, FS140x

3.3mm x 3.3 mm x 1.35 mm height

FS3303 & FS3305

30 Watts

S

3.3mm x 3.3 mm x 1.35 mm height

FS3310 & FS3320

* Vin see datasheet

10 to 16.5 Watts + 3A & 5A Power modules 33W to 66W Watts + 10A & 20A Power modules
+ 0.4V to 3.3V Vout + Current Stackable: 10A to 80A
. ﬁ ¢« 2.7V t0 5.5V Vin * 0.3V to 3.3V Vout

» 2.7V to 5.5V Vin
FS3310: 4.7mm x 4.7 mm x 1.4mm height
FS3320: 4.7mm x 4.7 mm x 1.7mm height

Ishutdown: <1uA max
2.5mm x 2.5 mm x 1.2 mm height

uPOL ¢ Chip-Embedded DC-DC Power Modules
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New Products

Sampling
DR4 June 2025
Production July 2025

FS1525

25A Current Sharable Power Module

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

« Stackable up to 8-phase: 25Ato 200A

> Vin: 4.5V to 16V
> Vout: 0.6V to 1.8V
e Jout: 25A

PMBus/I12C Telemetry

Attracting Tomorrow @TDI(

FS1606A & FS1006 & FS1003

Chip Embedded Power Module Released

Telemetry:
Vin, Vout, lout, Temp

FS1606A, FS1604A, FS1603A, FS1006,

FS1003

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

*  3.3mm x 3.3mm x 1.35mm height

« Vin: 4.5V to 16V

* Vout: 0.6Vto5.0V

« 12C Telemetry

. ﬁ Sampling...

FS3303 & FS3305

3A & 5A Power Module

«  2.5mmx 2.5mm x 1.2mm height
« Vin=2.7V and 6V

* Output Vout Range=0.4V to 3.3V



Improved Thermal Design with Chip Embedded Attracting Tomorrow 435 T DIK

Thermal Paths to PCB

MosFETs
Pins to Die

D, =1.4°C/W (FS1525)

Industry Leading
Size vs. Power Density & Efficiency

Competitor 3

N 256mm?

Competitor 1| __+ Competitor 2
176mm?

FS1525 Pin Side
(Bottom side)

Embedded Silicon = Thermal Performance
» Silicon IC is surrounded by copper

Design Tip:

+ Excellent thermal performance without airflow at higher

7

temperature deratings = —
- n O -
n = N sw1
oooop/ioool. oo 7 i

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



FS1525 Thermal Derating

Attracting Tomorrow éTDK

Best in Thermal Derating

FS1525 for Size and Height

Thermal Derating, PVin=12V, no airflow*

Thermal IcePAK

30 .
Models Available
25
S TDK uPOL
< 20 Chip Embedded Power Modules
S
o
o FS1525 e
® 15 (scalable to 200A)
9 —Vout 0.6V e
- -
g 10 —\Vout 0.8V T emm 3.8mm height
<
)
=
5
0
30 40 50 60 70 80 90 100 110 120

Ambient Temperature(°C)

uPOL ¢ Chip-Embedded DC-DC Power Modules
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FS1525 Thermal Derating

*

Thermal Derating, PVin=12V, no airflow

Attracting Tomorrow @YTDI(

Best in Thermal Derating
for Size and Height

Thermal Paths to PCB

30 TDK uPOL
2 Chip Embedded Power Modules Rlins;to:Die
< 25
o
- 25A
8 20 FS1525 (sca/abler;pSOOA)
o 15 —Vout 0.6V
o)
—1 10 —\Vout 0.8V
S
E°
s 0
= % 50 70 % 110 sz e
Ambient Temperature(°C)
D . =1.4°C/W (FS1525)
. a
- ) e )1 B B O o0 9( 0 0 o0 6( D
TDK FS1525 25A |6.8mmx7.6mm| 3.8mm 10.5 °C/W 1.4 °C/W 18A @ 90C 25A @ 60C
MPS |MPM3595-20( 25A 5mm x 6mm 4.4mm 14.1 °C/W 4.8 °C/W 12A @ 90C 18A @ 60C
Tl TPSM41625 25A | 11lmmx16mm | 4.2mm 13.8 °C/W 9.8 °C/W 16A @ 90C 23A @ 60C
ADI LTM4676A 26A | 16mmx16mm |5.01mm 10.7 °C/W 1.3 °C/W 8A @ 90C 20A @ 60C
uPOL ¢ Chip-Embedded DC-DC Power Modules Page 10 © TDK Corporation * 2023




FS1525 Efficiency — 12Vin to POL

94

O

o

Efficiency (%)
~ 00 00 00 OO
oo N

0 25 5 7.5

—0.8V—1V—1.2V—1.8V

10 125 15 17.5 20 225
lout (A)

Attracting Tomorrow &TDI(

Best in Efficiency for
Size and Height

Efficiency
1.8V Peak

Height 1.8V @ full load

25

TDK F51525 2548 | 6.8Bmmx 7.6mm | 3.8mm 91% @15A BO%: @ 25A

MPS | MIPM3595-20| 25A Smm x &mm 4.4mm 90% @ 15A 87% @ 25A

TI TPSM41625 25A 1immx 16mm | 4.2mm S90% @ 15A 88% @ 25A

ADI LTMABTEA 26A | 16mm x 16mm | 5.01lmm B7% @ 16A B6% @ 26A
TDK uPOL

Chip Embedded Power Modules

25Amps
(scalable to 200A)

FS1525

X

uPOL ¢ Chip-Embedded DC-DC Power Modules
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FS1 525 Attracting Tomorrow @TDI(

TDK FS1525 low spectral noise

o= 100A

File Edit Utility Help
-FFT (Ch 7)
[

Tektronix

Add New...

Math 1
| |
Cursors | Callout

Measure| Search

Results
Table Plot

_-_l?‘ More...

Meas 5

AC RMS
u': 865.6 uV

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



Atbvnntinn Tamarenn: S5 T 1T I
Block diagram

AGND "L - By I
4 I I e
o REFERENCE Hr rFT P;m WI

Sampllng SYNC | Dt | ;T:llrt FWM Fulse Genrator Pk DR s

Pre-production Now ADOR Memory g e

Production July 2025 i - o [ sw2

PS E]—. Control Lond +Power Stage
‘ LDre2
- L1
FS1525 Y {1 Vo
25A Current Sharable Power Module cuKouT [
Stackable up to 8-phase: 25A to 200A+ Fault 3
TSD ¢ ¢ l Lo
 Bestin Class Size & Current Density: ik " - 17
6.8mm x 7.6mm x 3.8mm height . o [
 Vin: 4.5V to 16V . and FAULT e —————{ ] Rs+
- Vout: 0.6Vto 1.8V , . ey
* Jlout: 25A : = — +*— ampifier | Lgs
*  PMBus/I12C Telemetry mieLomisone
{1 RSa
Page
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FS1525: CapDrive High Current Topology atracting Tomorow 8 TDIK

n L2 Design Tip:
SW2 MM - FS1525 operates at higher frequency per phase
Q | CE_I_ Q2 | , Yo

Vin SW1 T. H

T o— L B 7 S ¢
. Q1 Q1
CapDrlve Co— Ve o S
Switches only see 2V Ve, A Q2 Q2 |
Q3 E e 4 E BN
Varboe 4 0 L ——
t -= - 1wt
) Benefits of CapDrive 2% IS S 2 I SN S N

« Switch voltages V), + 2

* Doubles the duty cycle

« Silicon geometry smaller
* Reduced switching losses

|L2

I

« Low noise Veo
« 2® doubles frequency | | | \
* Natural current sharing t 0t b bt

* Patents on AC Coupled Buck Mode by TDK

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



Attracting Tomorrow &TDI(
FS1525 — 25A Design — Ease of Design

6.8mm x 7.6mm x 3.8mm

SW1 C5 4.7uF CB_ sw2
PVIN 6 XT-
- C6 4.7uf - -
1 Input Caps i
- 1 N
: ert & Output C o
PUN wl . . u pU apS 1
u 4 X22UF/25V/0805/X5R L Volt g Divid
3 C34 €33 C24 C23 C22 C21 C27 Ul 3 RRTIR 22K 23BEB| I v © 0 a e IVI er VouT
220F 22uF 22uF 22UF 22UF 22UF 1uF 1
2 D e e T B S T euni coozeere grseszgor o - oo >
l 3|PVIN2 22222222 0O000000EH 3 g 3 —\ 6 X47uF/6.3V/0805/X5R 3
1 Cc25 == |~ 4 | PVIN3 [ | 15 . . N N N VOUT 4
/ w77 cins voun 1% T T T ]
i J PVING VoUT3 |31 1 l l L crelerilerlcralcial cs
4 PGND 21 RSO C35--C36--C37 T 470F 470F] a7 Fa7 ;47UFT 4TUF ~T~ C£32 VOouT
VOUT4 72 R3| T47uF[ 47uF] 47uFJ 1 J u u J 220UF] 1
PGND VOUTS 73 VE | L . l A o
Z 2
; VOUT6 3
14 Rsq JR160 = 7z
VIN RSO vour
szl | Lo Tl
? T c38 C39-1-C40_| c41-.C42 | C43
13 B T47uF T47uf-T47uF 47UFT47UF 47uF R19 R20
vee FB 1 0 % o %
R18 RS- —
" =
PVCC 19 = I
RS-
EN RS 18 .
& +
PMBUS vee , | B8 495 | 26 7 SYNC -
scL SYNC
Telemetry -4 voe | £, ***spa z SDA FAULT 24 FAULT}VL\/Z\ v RS+ Dﬂ: t I R t S
H vec B8 49.9p500p 30
Op [0]g] W PGOOD ISHARE
R9 ADDR 12
| ADDR CLKOUT
N/S
R10 oramy
PS 11 CTANOFTOONODNDFTONDOD = — = —
Start Up VOItage |||—J\N\f- pPs DOOOC00085000855008500 ALERT
0 55666666060600000000060600 4.99 . ]
i Current Sharing — multiple FS1525
OCOOWOWOWOMNNMNNMMMMM IO IO IO IO O © © ©

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



Typical FS1525 Stackable Power Modules Configuration. Attracting Tomorrow &5 T DK

25A to 200A

. Al v 7]

|:.. pvin Cb Swi Vou | - Vou swi Cb F"u1n4.-| |
Fb ‘ R

RS+ RS
Y RD — O CIT
- - CLECLT YN S04 -
— S0O& Eﬂ.__ =n wal
—{scL ] | SCL |—
SALERT - — SALERT —

— apom Faur ADDR |

o Vi
—| Pz R \/_._pm_ pa
FS AGMD MERD FoAO AGHD  pn
[
- - .*” - e .

uPOL ¢ Chip-Embedded DC-DC Power Modules

e

© TDK Corporation * 2023



FS1525 Vout Setting Options

Vout via R-divider

Vout via PS pin (hardwire)

Master/ | Phase |Initial Vout |Fsw (MHz)
VOUT Pvm Res (KQ) | glave (°) (V)
0 Master |0 0.6 Fsw table
—\/\/\ 1 113 |Slave 180 |06 Sync to
master
I 1.87 Slave 120 0.6 Sync to
master
op § PVIN VIN — 2.61 Slave 90 0.6 Sync to
— master
Vcc 3.4 Slave 72 0.6 Sync to
master
Fb  FS1525 I 412 [slave |60 |06 Syncto
master
— 4.87 Slave 51.4 0.6 Sync to
— master
Reorrom % PV 562  |Slave |45 0.6 Sync to
— master
‘ 6.34 Master |0 0.6 15
1 7.15 Master |0 1.2 1.25
— 7.87 Master |0 0.6 1.04
— 8.66 Master |0 0.6 0.892
9.31 Master |0 0.9 0.781
RiopRpottom 102 |Master |0 0.85 0.694
Rto‘p + 175 11 Master |0 0.8 0.625
Vaut = VFB 14+ - 12.1 Master |0 0.7 0.568

Rbﬂttam

Most popular Vcore voltages

0.6V, 0.7V, 0.8V, 0.85V, 0.9V, 1.2V

Attracting Tomorrow &TDI(

Vout via I2C/PMBus

Code |Command

01 OPERATION

02 ON_OFF_CONFIG

03 CLEAR_FAULTS

15 STORE_USER_ALL

16 RESTORE_USER_ALL

19 CAPABILITY

1B SMBALERT_MASK

20 VOUT_MODE

‘ 21 |VOUT_COMMAND

24 VOUT_MAX

25 VOUT_MARGIN_HIGH

26 VOUT_MARGIN_LOW

27 VOUT_TRANSITION_RATE

29 VOUT_SCALE_LOOP

Range: 0.6V to 1.8V
Resolution: +/-6mV steps

uPOL ¢ Chip-Embedded DC-DC Power Modules

© TDK Corporation ¢ 2023




FS1525 Fault and Telemetry Commands

Supported PMBus™ commands

Code | Command Code | Command
01 |OPERATION 55 |VIN_OV_FAULT_LIMIT
02 |ON_OFF_CONFIG 56 | VIN_OV_FAULT_RESPONSE
03 |CLEAR_FAULTS 58 | VIN_UV_WARN_LIMIT
15 |STORE_USER_ALL SE  |POWER_GOOD_ON
16 |RESTORE USER ALL 60 |TON DELAY
19  |CAPABILITY 61 |TON_RISE
1B |SMBALERT_MASK 62 | TON_MAX_FAULT_LIMIT
20 |vOUT_MODE 63 | TON_MAX_FAULT_RESPONSE
21 |vOUT COMMAND 64 |TOFF_DELAY
24 |vouT_MAX 65 | TOFF_FALL
25 |VOUT MARGIN HIGH 78 |STATUS BYTE
26 |VOUT_MARGIN_LOW 79 |STATUS_WORD
27 |VOUT TRANSITION RATE 7A  |STATUS voUT
29 |VOUT_SCALE_LOOP 78 |STATUS_lOUT
35 |VIN ON 7C  |STATUS INPUT
36 |VIN_OFF 7D | STATUS_TEMPERATURE
39 |I0UT CAL OFFSET 7E  |STATUS cML
40 |vOUT_OV_FAULT _LIMIT 88 |READ_VIN
41 |VOUT OV FAULT RESPONSE 88 |READ VOUT
Fau|t Protection 42 |VOUT_OV_WARN_LIMIT 8C |READ_IOUT
43 |vOUT_UV_WARN_LIMIT 8D |READ_TEMPERATURE
‘ 44 |VOUT_UV_FAULT_LIMIT 98 | PMBUS_REVISION
45  |VOUT_UV_FAULT_RESPONSE 98 |PMBUS_REVISION
46 |10UT_OC_FAULT_LIMIT 99 |MFR_ID
47 |10UT_OC FAULT RESPONSE 9A |MFR_MODEL
4A  |10UT_OC_WARN_LIMIT 9B |MFR_REVISION
4F | OT_FAULT_LIMIT AD |IC_DEVICE_ID
51 |OT_WARN_LIMIT AE  |IC_DEVICE_REV

—

—

Attracting Tomorrow

Fault Protection

Telemetry

STDK

uPOL ¢ Chip-Embedded DC-DC Power Modules

© TDK Corporation ¢ 2023



Attracting Tomorrow &TDK

Compact Total Solution DC-DC

17mm x 20mm
DC-DC 25A solution

Leading Power Density & Size

&TDK

TD K u P O L A Industry Leading

] £ Size vs. Power Density & Efficiency
Chip Embedded Power Modules

with input/output caps

il
\

.- Competitor 3
6.9mm x 7.6mm
FS1 525 <0 Amps x 3.8mm height
(scalable to 200A) 1 __L-Competitor 2 I - |+1725A power module
-~
3.8mm height
7.6mm
0
6.9mm
CM
2 .
0 1 - v' Engineer Samples
TDK-FS1525 Competitor 1 Competitor 2 Competitor 3 v' Eval Board: 25A to 200A
6.8 7.6 3.8 10 12 4 16 16 5 11 16 4.2 . ot
S '"'"2" e e ’1‘20::2" e e ’1‘76::2" e e xzss::§ e v Reference Designs: AMD Xilinx, Altera
A - - - - -
e i (2.25x larger) (3.4x larger) (5x larger) ‘/ Slmplls DeSIQn TOOI SImUIatlon
Volume o — — — v Starter schematics/PCB layout: 25A-200A
Current Density, A/cm3 127.3 52.1 262 33.8 v" Thermal Modules: Ansys Thermal IcePAK
TDK is x-times better 2.4 4.9 3.8
Current Density, A/cm2 48.4 20.8 11.6 14.2
TDK is x-times better 2.3 4.2 3.4
Page
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Attracting Tomorrow &TDK
Design Example: FS1525 VCC/VCCP (Vcore)

FS1525 — 25A/ 0.8V. 20% step load. 100A/usec. Excellent DC and AC accuracy

over transient response

C_load = 1000uF AC Load regulation: £1.36%, DC ripple = 5.4mV,p.

820
800 |t e e T Mlm ............................ Libiiis bLLELL
780
2.96 2.98 3.00 3.02 3.04 3.06 3.08 3.10 3.12 3.14
time/ms 20us/div
Label Legend Curve label Name Value
[]vout1 VOUT1  Peak To Peak 15.91449mV

VOUT1 Peak To Peak (2.96ms - 2.98ms) 5.4293438mV

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



100A =4 x FS1525 =4 x 25A = 100A

Scalable Design 25A to 100A

558 mmx12.7mm

DC-DC 100A total solution
(FS1525 x 4 + Cin caps + Cout caps)

. -
| kD01 é& 6 !% @3

1™

4
w
~N

T
1008 | §é

C73

8.

awcrz 5 " L AP TR o

trncn o N m n N2 o Fi (L [T

2 o | _%j"rr 3r |
BB o L
: : 3

rcs* U 0 cos WRID cee BB Ci9 (BDC ns (r Woi4s (B2 NC

Cs§ 5 055

Fcro GuBYceo (MMM ce> [RM cre (mfciis (R)< us | @ ST m: m
Fces Fcs2 IMIMces I ceo i7 7 0T e 1T e D Nee

130 g

4 Ué
S e g8

8¢ ‘ﬁ‘

(@ E

- -~

Attracting Tomorrow éTDK

FS1525
6.9mm x 7.6mm
x 3.8mm height

25A power module

13.97mm x 12.7mm

@ @ 507
27.94mm x 12.7mm

@@@ 75A
41.91mMm x 12.7mm

éééé 100A
55.88mm x 12.7mm

uPOL ¢ Chip-Embedded DC-DC Power Modules

© TDK Corporation * 2023



Attracting Tomorrow @TDK

200A = 8 x FS1525 = 8 x 25A = 200A
Scalable Design 50A to 200A

v Scalable Design

v Low BoM

v Flexible PCB layout for 50A to 200A
v Excellent thermal performance

8-phase - 200A
E FS1525 aligned

8-phase - 200A

FS1525: 4x50A corners

Al / FPGA/ SoC
55mm x S5mm

FS1525 25A Chip Embedded

DUT area

Sharable to 200A
Power Module
6.8mm x 7.6mm x 3.8mm height

uPOL ¢ Chip-Embedded DC-DC Power Modules

© TDK Corporation * 2023



Eva|uati0n Boards Attracting Tomorrow &TDK

T R

EV1525-0800-25A 25A FS1525 Eval
Default: Vout — 0.800V

EV1525-0800-50A 50A FS1525 Eval
Default: Vout — 0.800V

EV1525-0800-100A 100A FS1525 Eval
Default: Vout — 0.800V

4 i \ :

5 6 U 164 L -
2 B0 ces UMM Cec ORR) C79 (MECH 0 e (9
Y coo (R ce> (W@ c78 (MDciis (Ma)ies t@D<ice RERCI0? tt]:
ces I 7 C80 7 MTC11? (T ITC148 1T ACee A Mciee D TN

TDK-PMBus-I12C dongle USB dongle for 12C/PMBus for FS1525
using CondUIT GUI software.
Download GUI and Manual at
www.tdk.com/POL, see under Technical
Support Tools.

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



MPOL FS1525 Starter Designs
Speed of Design, Ease of Design

Reference Starter Designs, Bill of Materials,
Schematics & PCB layouts all available online.

Plus Design Checklist (schematics, PCB layout)

o Ultra

Librarnan

Symbols Schematic Layout 3D

https://www.ultralibrarian.com/partners/tdk

Attracting Tomorrow &TDI(

25A, 50A, 75A, 100A starter designs

F$1525-0600 Reference

) for tightest design. external VCC) for bes

More Details More Details

FS1525-0600 - 2-phasa 50A F51525-0600 - 3-phase, 754

Dual Supply Input Dual Supply
SOA Stackeble pPOL™ Regulator 75A Stackable pPOL™ Regulator
with Integrated Inductor and with Integrated Inductor and

Digital Power System

Digital Power System
Management
Note
Dual input supply (using extemal
VCC) for best efficiency.

Single sided components, tight

design arsa

More Details

More Details

FS1525-0600 - 1-phase, 25A
Design Dual Supply Input

ut supply (using Note: Dual input supply (using

FS1525-0600 - 2-phase, 50A
Single Supply Input

Note: Single input supply (using

internal LDO) for tightest design

F51525-0600 - 4-phase, 1004
Dual Supply

1004 Stackable pPOL™ Regulator

More Details

Pinout & 3D models
17

TDK
FS1525-0600-AL
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I.IPOL SimUIatiOn TOOIS Attracting Tomorrow SHTDK

SIMetrix /STMMPUS ! it Team x 20
DC-DC 25A solution ot
with input/output capse=4 y

Click: simulating tdks upol modules.pdf

&TDK

TDK pPOL™ Power Design Tool

’
!

I 6.9mm x 7.6mm
; x 3.8mm height

FS1525 PDN and Modeling | B | e Lo, (RS

i - Circuit Design Optimization
: S == " * Minimum BOM and few external components
T
B TR PR PR PSRRI b
: = et S ke pen] Vet~ 6 w2t diph =0 ™ =11 } FUIMT?‘JM D FS1525.sxslb
s - X - « FS1525_encrypted

JE - Fast transient analysis for accuracy
»
e

Q-

* FPGA Design Libraries
* 1A to 200A, 0.6V to 5V Vout

Starter Designs
Schematics
DC, AC Transient Analysis

Lo b — - l:TJ
=™ e seicm = EFSISZS_topG Compact Power Design
[ o
ot
1-L0m
Al
1_‘ (=1
ey

et
B T

w

Starter Designs Models
, FS1525-25A
, FS1525-50A

Video: FS1525 - Simplis - AC Transient Design for FPGAs
, FS1525-100A

, FS1525-200A
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https://product.tdk.com/en/system/files/dam/doc/product/power/switching-power/micro-pol/tech_document/simulating_tdks_upol_modules.pdf

FS1525 FPGA/SoC Proven Design Attracting Tomorrow & TDIK

« FS1525 for AMD Xilinx (Versal, Virtex, Kintex)

&TDK AMD Xilinx

0.70V, 40A - 130A Versal Edge

0.8V, 0.88V - 80A to 180A
FS1525 VCCINT, VCCINT_IO, VCCRAM Shown is the minimum voltage rail
x1orx8 VCC_PSLP, VCC_PSFP, VCC_PMC solution:

For full power control, the PMC block
can be separated to separate 0.7V rails.

FS1412 AR VCCAUX, VCCAUX_PMC, FS1525 can generate 0.7V, 0.8V, 0.88V
FS1606A VCCAUX_SMON on voltage divider option.

FS1412 0.8V - 6A- 12A FS§1525 can be used for VCC_RAM
VCC_RAM, VCC_GT, VCC_SOC, VCC_IO if higher current is needed from 15A to 40A

FS1606A

FS1525 and FS1412 can be used
for higher current serdes rails 8A to 25A.

FS1606A 0.92V - <6A
MGTYPAVCC 14V, 3A

. ecoEronn FS1606A
FS3303

FS1003 1.5V, <1A VCC_PMC_MIO FS1606A
FS3303 MGTYPOVCCAUX FS3303

FS1003 1.2V, 500mA to 4A
MGTYPAVTT
FS3303 Note: FS1606Aat 1.2V, 1.5V and 0.88V VE2302 Development Kit

can be generated using FS1606-0600A
with external resistor.

FS1606A

FS1604 T2V 1.5V 1.8V 25V
FS3300 1At0 6A

FS1606A is a telemetry device
FS3303 is a low voltage input (3A)

Versal VE2302 | Versal VE2302 SOM

uPOL ¢ Chip-Embedded DC-DC Power Modules Page 26 © TDK Corporation * 2023


https://www.avnet.com/americas/products/avnet-boards/avnet-board-families/versal-ve2302/ve2302-som/

FS1525 FPGA/SoC Proven Design

&TDK

FS1525-0600
X2 (x8)
FS1525 is SmartVID ready

0.8V default
0.7V to 0.9V VID
MELRUERCE vec, veep, VCCL_HPS, VCCPLLDIG!

25A - 200A

« FS1525 for Agilex

Intel Agilex 7

P YIPETN VCC_HSSI_GXF, VCCL_SDMIVCCH,
F$1525-0600 VCCH_SDM, VCCPLLDIG_SDM*

FS1525-0600 CRAARELY CC_HSI_GXR

FS1606A CRABLLY \ccH_spm

1.8V /6A
FS1606A
VCCADC, VCCPLL_SDM, VCCPLL_HPS

FS1606A AEARLEN \/CCH_GXR, VCCH_FGT_GXP,
VCCCLK_GXP*

1.2V/6A
FS1606A VCCIO_PIO

FS1412-0600 LAWY VCCR CORE

1.2VITA(12A)

FS1412-0600 VCCA_PLL*

FS1606A LEVERTYCEVE vCCIo_SDM, VCCIO_HPS,
VCCFUSEWR_SDM

1.2V/6A
FS1606A-1200 VCCIO_PIO, DDR4

1.1V

FS1606A

FS1603A FS3303*

VCCH_GXE

VCCCLK_GXE

System FS3303
Voltage 3.3V
FS3303

VCCE_PLL**, VCCE_DTS
VCERT, VCCRT

VCCFUSECORE_GXF, VCCCLK_GXR

FS3303
FS3303

VCCED_GXR

VCHT_FHT_GXR

FS3303 is DC-DC

for LDO replacement
for higher efficiency

uPOL ¢ Chip-Embedded DC-DC Power

All 12Vin Devices

Power rails comprehensive for
all Agilex tile options

*** voltage rails have
additional filters (ferrite bead)

Note:

FS1606A-0600 can be used
over fixed voltage options
alternative for voltage divider
for Vout from 0.6V to 5V

Additional power rails for
Agilex tiles with QFSP ports
(i.e. 3.3V rails)

3.3V/6A
FS1006-3300 —

3.3V/6A
FS1006-3300 o s

5.0V /6A
FS1006-5000 System
Voltage 5.0V

Additional power rails for
LP-DDR4 at 1.1V

Attracting Tomorrow @TDK

S50A

27.9mm x 12.7mm
DC-DC 50A solution
(FS1525 x 2)

6.9mm x 7.6mm

x 3.8mm height
25A power module

FS1525 is APl Qualified for SmartVID on Intel Quartus

0.8V default

SCL

FS$1525

soA &TDK =g

0.7V to 0.9V - PMBus

Vout

RS-

Agilex GNDSNS

Altera

1.1V /6A
FS1606A LP-DDR4

PS RS+
Agilex VCCSNS .
%..w pm— ’ Agilex
@ Current sharable
® 1toN
o (25A to 200A)
FS1525 SRDSRS
Vout —
soA BTDK F o VCCSNS
SCL RS-
RS+ _/

PS
gslnv- Address <n>

© TDK Corporation * 2023



Attracting Tomorrow &TDK
FPGA / SoC Power Design Library

(click manufacturer for details) QS p I ce M Od e I s

https://www.us.tdk.com/news_center/upol/index.php

Broadcom .
AMDZL | < XILINX NI Te= :Q/’& ‘ ) SIMetrix /SIMMPUS
 — |
NXP N ®
Intel - FPGA ‘ Power Tree/ | Schematic/ Reference Power QSPICE Simplis
_ Map BoM Design (DSN) | Design Models Models
inel Guideline
PDF PDF DSN PDF Zip File Zip File
Microchi (Cadence)
P n
(Design (FPGA power (FPGA power
schematic file Summary) table with table with
Marvel in DSN format PDN power PDN power

models by rail) models by rail)
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https://www.us.tdk.com/news_center/upol/index.php

TDK pPOL: Embedded Solution Partner & Power by FPGA/SoC Vendor & Family Attracting Tomorrow &2 1 DIK

Low End Mid-range

Embedded ARM MO0-M4  AMD-Xilinx Zynq 7 AMD-Xilinx Zynq 7 AMD-Xilinx Zynq US+ Altera Arria 10 / Stratix 10 Altera Arria 10 / Stratix 10
Control Atmel Altera Cyclone, Agilex 3 AMD-Xilinx Zynq AMD-Xilinx RFSoC Altera Agilex 7, 9, 11, 13 Altera Agilex
Microsemi Sundance US+ Microsemi Polarfire AMD-Xilinx Virtex AMD-Xilinx Versal Al
NXP i.Mx8 Microsemi Polarfire =~ AMD-Xilinx Kintex US+ AMD-Xilinx Versal AMD-Xilinx Virtex US+
Nvidia Jetson Orin NXP i.Mx8 Altera Arria 10 NXP QorlQ
Altera Agilex 5 Altera Agilex 5 Cavium Octeon
Lattice Avant Lattice Avant
Efinix Cavium Octeon Other SoCs:
Microsemi NXP QorlQ Nvidia
Esperanto Tech
Other SoCs: Mobile Eye
Nvidia Xavier Nano ADAS ASICs
Esperanto Tech Multi-ARM A5x SoCs
Tl Sitara or Similar Server/Al Accelerator
Mobile Eye ASICs
ADAS ASICs

Server/Al Accelerator ASICs
Multi-ARM A5x SoCs

DC-DC <5Wto 10W  10W+ 10W to 20W 15W to 30W 25W to 50W 50W to 200W+
Power FS3303 FS1606A FS1412 FS1525, FS1412 FS1525, FS1412 FS1525, FS1412
FS1003 FS3303 FS1606A FS1606A, FS1604A FS1603A FS1606A, FS1604A FS1603A  FS1606A, FS1604A FS1603A
FS1006 FS1003 FS1003 FS1003 FS1003
FS1003 FS1603A, FS1604A FS1006 FS1006 FS1006
FS1703 FS1006 FS3303 FS3303 FS3303
FS3303

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