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[1] Arman Shehabi et al, 2024 United States Data Center Energy Usage Report. Dec 19, 2024
[2] L. A. Barroso, et al., "The Datacenter as a Computer: Designing Warehouse-Scale Machines, 3rd ed.", Morgan & Claypool Publishers (2018)
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m Haswell (2014)3], Broadwell(2015)1! | FIVR (Fully Integrated Voltage Regulator, on-package,/ 22its)
o NI —SEIRNDA 25 U FEEIC K BPOLERDSMERIL &SRS,

m Ice Lake(2020)5] | MIA (Magnetic Inductor Array, on-package,/ Bitx)
o WEERRHC K DA 25 057 NEE, EMIZHNH],

B Coax MIL(2021)] | Co-axial Metal Inductor Loop (in-package(EtRMAIEL)./ Fich)
o ZL—TR=)LA\DHMHEMOFIESENS T « AVFCLDA I DOERNEEE
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JER#8 [MHzZ] 140 140 100

v I\ T =ZRBEADA S FEE. POLBIRARNICLDBNHE - BHRIEERIE LN, ZSWIDEMI - FE - KE
{EDPRFHIES .
v BREREE TN - RIBKZERCHIE DML > F U ERESNTVDN, BIEHEREDEHDIRREINTLVARL,

(3] Burton, Edward A, et al. *FIVR—Fully integrated voltage regulators on 4th generation Intel@® Core™ SoCs.” 2014 IEEE Applied Power Electronics Conference and Exposition-APEC 2014. IEEE, 2014.
(4] Nalamalpu, Ank\reddv et al. "Broadwell: A family of IA 14nm processors.” 2015 Symposium on VLSI Circuits (VLSI Circuits). IEEE, 2015.
[5] Sankarasubramanian, Ma\ava'ﬁyan et al. "Magnetic inductor arrays for intel® fully integrated voltage regulator (FIVR) on 10 th gcncrat\on Intel® Core™ SoCs." 2020 IEEE 70th Electronic Components and Technology Conference (ECTC). IEEE, 2020.
[6] Bharath, Krishna, et al. "Integrated voltage regulator efficiency improvement using coaxial magnetic composite core inductors.” 2021 IEEE 71st Electronic Components and Technology Conference (ECTC). IEEE, 2021.
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i ~,/9[9,10] 5 [12] = [13]
. EtE A >0 EEHASA 75.74 N
* A AX—DH
L&Y e
= 1% 10 MHz No data(k52#) No data(FR:iC#k)
BE BECMOSTOTR TR, £/ US v oA ADIREN ETRE 100 MHz No data(R5e#) No data(R3#)
JEIREL 150 MHz 10 MHz 100 MHz tand 100 MHz <0.05 No data(kz2#) No data(k352#k) No data(ZR:ti#k)
itk | B, FERAE | IERIO/ULRRER. R\vH Fe,o-Niggd@&E . X w3 Co-Zr-Ta-B&R, /(w5 SERERE o o x x x
MR pEe ' > 500. H, <80 [A/m] /> 1000 No data (100-150 MHz COBFIATAE ) (4#22: < 10 MHz) (##22: < 1~10 MHz) (#22: < 1~10 MHz)
A HOEEE [ =212 [nH]. Q= 15 L = 15 [nH] L =8 [nH]. Ry = 60 [mQ]. BRIEMHRDFIRR [vol %] 70~80 70* 79~83* - -
BT L/R = 188 nH/QEBIEH BEDE 75% I = 0.6 [A] (@100 MH2) MROZIRIE o o s B B¢
I = 0.45 [A] BETE BES=xR—bh ENRm - 270 TLARE - b BE. EH SRS
. ) — . - A 20 TFEUCADBERE o A X X X
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[7] N Sturcken et al, "Magnetic thin-film inductors for monalithic integration with CMOS." 2015 IEEE International Electron Devices Meeting (IEDM). IEEE, 2015,
[8] N Sturcken et al, "A 2 5 D Integrated Voltage Regulator Using Coupled Magnetic Core Inductors on Silicon Interposer,” in IEEE Journal DI ‘Solid State Circuts, vol 48 no 1 pp 244-254 Jan 2013
9] P Zou et al"A 100 MHz IVR PMIC with On siicon Magnetic Thin Fim Inductors” n 2018 International Workshop on Power Supply On Chi

“AEERRE 1.20 g/cm? - ZEIRIODIRE (CED < SEH#EENE,

v S — MM, thOBEIER - BIEESHEICHEAT, SEARERAME. MRIZERE.

{10] 1T, KBS Mz ﬁsnﬁ&ixa»jlr//#ml (CBIT BHR(2019437)
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1 >0 5FEULDBRTHF,

ound for low pressure molding inductors with both good magnetic properties and high relailty.” 2024 EEE 74th Eectronic Components and Technology Conference (ECTC). EEE, 2024,
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AERTOHIES — FORFEBR canes xR HEm - PEIIF7R - F ) BERBEKROLEE (3 pmik) cans
B SARZEEDER | EPERIEINE (<1x102Qm) . &8, (1871) . BH, (1482 A/m) - - BREIEHE TERENAEL
- — 100MHZE T FiiES — CDWTHET S, m BR7EN TP RR | BHIIEAE (22x10°0m) | K, (148 Am) - - DRI CORKIGAIAT
AHERT(E, HFOENERRS S Al ke R B BT RBIE | BHEEAE (46x10°0m) . BH, (2A/M) - - BEEE COBRKERICREET
B FA—OHRIENKRERAVWTHES — NEER SO P SO RER, MSIFEZILRU. BiES— SORSIS
EDBAIEERT S Magnetic powder SRR FPEILIT7 AME FJRERBE 2.0
Composition (at.%) Feg3 5-Sig 5 Feg; 55-Si6.7"Cra5-By5-Co.zs | Fegs»-Siyg-Nbs;-Cuy3-By0 15
%*mIEE E% Median diameter (Ds;) 3.2 3.2 35 ‘g 1.0
[um] . . .
SERERE H’ @100 MHz > 10~12 P°Wd[e§; ferfﬁti"ity <1.0x102 2.2x105 4.6x105 .§ 3'2
(100-150 MHz TD3E Saturation magnetic 1.8 s 1.25 e
TIRELE) tand @100MHz <0.05 flux density B, 1T] : : : g 05
Coe[r;'/‘gjt]y He 1482 - 148 92 £ 10
S — NEE <103Pa-s 15
AR DZRER .
o " @;%Eg,;é;gffﬁ MREmEE SEM image (x3.0k) 2'0-2000 -1000 0 1000 2000
’ 6 S Magnetic field A [kA/m]
¢ [ — ZifEaY 93.5-Sle.s
) lo_ll':“_ ) s 10—“:::". - 7‘E)|/*§57E;;;5* (sFlex:_ss'5i6v7'crz.5'Bz,s'cn,7s)
— J J $EERHIIR (Feg o-Siy g-Nbg ;-Cuy 3-B, o)
v FEEMRIEEVIIRERR SRR D ZERLU. PEILIT 7 AR E EBICEER T COIBKIERICHE.
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FE# hOA SV >0 DR TS KUHS IS A RetES — NODIFR TR & ramS R s ’ or
Procedurel Magnetic powder ..‘..g. Mixing Pressing @d30 MPa : o Procedurel Magnetic powder .:‘%.

[70 vol %] ¢ ..: [70,75,80 vol %]

%0 Curing g ) oo '
s:o Size|@13 mm, @5 mm
Thermoplastic resin powder @ Thickness| 3 mmT Coatin )
[30 vol %] .:!O.. 8o i = Epoxy resin* Mixing and ° Curing
© ..’ and solvent i
e T

Drying
Result| p’ and tand Varnish Composite sheet Size| 200 mm x 200 mm
20 100MHz | EZCES FPENIFZRBR T/ @RHE *Details are described in patent] W02018194100 A1 Thickness| 100 um
18 - 0.9 u' @100 MHz 15.3 9.5 10.7 DOE]|
1‘61 \_ 8:3 tand @100 MHz 0.141 0.062 0.05 Leg 2 2 £ < z © 7 g
12 06 Powder resistivity* [Q - m] | <1.0x10? 2.2x105 4.6x10° BAERR ZRESRWR | TELITRGR | FIERNER
210 T i 05 3
. y 7 oa B Coercivity* H, [A/m] 1482 148 92 s vl | 70 [ 75 [ 80 [ 70 [ 75 [ 80 | 70 | 75 | 80
6 ,_‘ + 0.3 *magnetic powder’s properties 1.0E+05
4 -2 P 0.2 ” = 3 < A =) vol? o
) 4 ,ﬁ. 01 v FUEEMERAVEE OIS IE, andhE. Rl e ) o |
PSRRI RY# T . CRBNHIVINE < ERFUS ZIBEADIN, A R PPl B =
1.00E+06 1.00E+07 1.00E+08 1.00E+09 > S ARFMEETILICED < LRIERES EHK, DAIRE T4 s i . BAES — (3 TS HHRB0V0l %F, 235100um) & SEUREITEDAH IR
Frequency [Hz] > WIEZEA, D88 ppm T D, 5D THIL I DI HEDINH15] : I .‘\"'-‘-. — (EEARATOL/S —180pm / 1700m. TEARHS180m)
— SHEENE (Feg, s-Sigs) 1/ . BEXKUENECKDAERIERZG. B -
Ay AN e e v/ REHRSROEARE R SRR R TH D, - et v FEIEER(E70~BOVOI%MEHES — NE125~150°C
HE 83.27217.87" 5.77-U1.3"B20 —_ W - >
[EHBUNT, 102~103 Pa - stROMEZRL. BERR
-=== ZHERIK (Feos 5-Sigs) tand
o iE”’j’ ZWﬁ;s(Fe:75_55—5i6_7—Cr1_5—Bz_5—Cn_75) tand 1y samm, 2 65 i P25 244 2 (2000) 495-49, 1.0E+01 ERIEEHL TS,
---- F/HE@HAR (Fegs »-Siy g-Nbs ;~Cu, 3-B, o) tand [15) Makino, Akihiro, et l.Fe-Si-B-P-Cu nanocrystalline soft magnetic alloys with high Bs of 1.9 Tesla produced by crystallizing hetero-amorphous phase. Materials Transactions 50.1 (2009) 204-209. 50 75 100 125 150 175 200 v BCHREARADIRDIAFH S BIF.
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1 ®
~ D ~ > ~
S — b SIFIELL B oy E#bOA SV >0 LEEES — FORSAFIELLE il 8
Result| 1 and tand B ZERNR. FEILT 7 AWK S ERHROER MO+ SIS CHIES — NOBEHRE( Etand) .
(FRIEE(F 70 vol % TH—)
Leg 1 2 3 4 5 6 7 8 9 B S — MASER RO FILU ST S U TR . BtandZRUTz.
[k Z5ES SRS TEILIT 7 MK 7 FEERIER SiERpk FENIT 7 ABE ¥ BRBR
FEER [vol%] 70 75 80 70 75 80 70 75 80 ER b OIINY>Y S — b~ EB~OCINY>Y BilES— b~ EB OIS BES—b
@100 MHz 9.7 10.2 10.8 9.1 9.7 10.2 9.3 10.1 10.5 @100 MHz 153 °7 o5 o1 107 93
tand @100 MHz 0.141 0.100 0.062 0.040 0.05 0.038
tand @100 MHz | 0.100 | 0.105 | 0.105 | 0.040 | 0.045 | 0.046 | 0.038 | 0.039 | 0.042 - —
100MHz 100MHz 15.3
14 1 15 . w015 0141
b 0.9 ~ A 10.7 = I
z 0% — BRBBRBARIES — - z N 8T 95 01 .. 93 = R
=10 0.7 S 10 — - o 01
z (75 vol%) P S 0.062
g 0.6 — BRFEINT 7 ABHRMIES— b )
§ 8 S 0s (75 vol%) R - % 5 %0_05 N, 0.04 005 . 0.038
B e s — SRS ERHRHIES — b R = ) )
g 04 (75 vol%) 3 s - .
By 0.3 0 0
= 5 o2 / EM Bty — b EB B -t BB EES— EY mMEY— R EW EMI—F BB Ed -
0.1
o o ] SREBHE TELT 7 K ¥/ EEHE SHEEME TENT 7 K >/ ERE
10 100 1000 1 100 1000 v EBROASILUSY : TLRATRORD, MFALOEMNS < BRNSERBOREICKD. BE
o s ) 3 207z, HFFLORE i 20, _ =
B RS STy —r— TR, /o, TURBOBAICED, EXFUS BB, SR, tandhA=<naeza5n5, ) 100 MHZICBWTH/#E&
v F SRR ER LIS — NE BHER SIRRD/NS S ANREF v RS — N TRFSHMTFEEERL. BEREEIH. —75. BEEI ST Y v T & LTI, WEREES— MNIREEE
(ZEIL I 7 ZMEREIDEEBHER. Ktand) . HEEN IR SN <. S — OB AT (CE<RZ EEZBND, (tand&/INb\ D' HiR AR EE)
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Material | F1, F2

Condition |
Machine: VSM (Vibrating Sample Magnetometer)
Applied magnetic field: 15,000 Oe (=1,200 kA/m)
Measurement temperature: 23°C

Result | B-H curve

500,000 1,000,000

1,500,000 -500,000 1,500,000

1,000,000

— F2

Saturation magnetic flux
density B, [T]

0.92
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- . 50
m F1| for high frequency, good permeability and low loss tangent. 45
m F2| for low frequency, good permeability and large current compatible. bgg
oD Z30
1. REEN 3
a 15
Wy L AG SO . For low fi
. = lar 0er c?Jvrvre;et cuaenacbili
2. MR HIEESS — bORF Feature For high frequency aen 10
g pability 5
0
Hot press, 1.6+06 1E+07 1.E+08 1.E+09
A 10 ~ =1 . R ded e Hot
3. BEIEWR ./ HIEESS — NEREROIRNT ecommended process Lamination ot press Frequency [t
Tg (DMA) [°C] 161 153 — Fly Ry
1.0
CTE (x-y, 25-150°C/150-240°C) [ppm/°C] 17/ 31 17/ 22 09
08
. Young's modulus [GPa] 11.1 22 07
Mechanical 06
properties Tensile strength [MPa] 62 46 % 05
Eat Well, Live Well (23°0) T4
EL L RV Elongation [%] 0.6 0.4 03
[ J 02
m Magnetic Permeability (u") 12 @100MHz 35 @10MHz g,; .-—‘________—/
AJ)INOMOTO. properties Loss tangent 0.05 @100MHz 0.1 @10MHz 1406 1E+07 1E+08 1.E+09
Status R&D sample R&D sample Frequency [Hz]
— Fltan§ F2 tan§
© 2025 Ajinomoto Co, Inc. 21 *Cure condition | 190°C90min
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° o
S, — - " S, — [
kE>— bF1, F2DB-HH—2J i 8 S — MF3DE(CDE -

B F3| for low frequency, the highest permeability
(u' = 48.5 @10 MHz) in our material.

60
50

:; 40
I
) - £ 20
Feature High permeability g b
Recommended process Hot press, Lamination 0
Tg (DMA) [°C] 173

CTE (x-y, 25-150°C/150-240°C) [ppm/°C] 9/10 3,;2
Magnetic Permeability (1) 48.5 o8
properties 06
@10 MHz Loss tangent 0.09 905

s
Status R&D sample 0.3
0.2
*Curing condition: 190°C x 90min ** Measured by Keysight 16454 gg
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B A0 5DINY =S LNGEERRT 3. FRTEARTFTEERDEIENE - TRF1E
AJ—hhRHENTVS,

B S — NMIEEBR. ERK. SIR— MIRMERSTEORANER,
B BiES— NMIER bOC SV ST LB U TERKERY S EZ2BIRB L.

B SEDKITI——ANMEY 3128, 10~100MHZFHFICHWTEBHE - [EIFRDHMES — MEERP.

g 7 fEEMAK (80 vol %)
FEEE B RHR(80)
p’ @100 MHz > 10~12 10.5
tand @100MHz < 0.05 0.042
o RS . <103Pa-s
>— MEE <103Pa-s @125-150 °C
S=x—rCEB v s T
AR EARIB A PR (PaEsE L)
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