Technical Progress of NCD's Soft Magnetic
Materials Used for Energy Related Fields

eNCD Nanjing New Conda Magnetic Industrial Co.,Ltd. -Maanshan New Conda Magnetic Industrial Co.,Ltd.



Soft magnetic components used in photovoltaic inverters (isolated type)
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Soft magnetic components used In photovoltaic (PV) inverters (non-isolated type)
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Soft magnetic components used In energy storage inverters
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eNCD Nanjing New Conda Magnetic Industrial Co.,Ltd. -Maanshan New Conda Magnetic Industrial Co.,Ltd.



Soft magnetic components used In charging piles
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_ i Suitable materials for main transformer and
Low power loss (LP) ferrite material system resonant inductor in isolated power conversion
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High permeability (HP) ferrite material system
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Magnetic powder core material system
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Technical development of wide-temp. low loss ferrite materials

® The PV microinverters installed on outdoor roofs operate in a wider ambient temperature range than typical indoor
applications. In different seasons, sunshine and load conditions, the operating temperature of soft magnetic components
may be from -40 ° C to +80~90 ° C, requiring ferrite materials to have stable characteristics, especially low power loss in

a wide temperature range, which affects the efficiency and reliability of the microinverters.

M215-60-2LL-522/23
TENERELES M215—60—2LL-822{NA/SZ3NA(Ontario)
Recommended maximum input power (STC) 260W
Maximum input DC voltage 45V
Peak power tracking range 22v-36Y
Operating range 16Y-36V
Min.Max. start voltage 26.4v/45V
Max. DC short circuit current 154
Max. input current 10.54
Output Data(AC) @208 Vac @240 Vac
Maximum output power 215W 215W
Nominal output power 1.048% 0.948%
Nominal voltage/range 208Y/183v-229v 240v/211v-264Y
Extended voltage/range 208V/179v-232v 240V/206V-269Y
Nominal frequency/range 60.0/59.3-60.5 60.0/59.3-60.5
Extended frequency/range 60.0/59.2-60.6 60.0/59.2-60.6
Power factor >0.95 >0.95
Maximurm units per 204 branch circuit 25 (three phase) 17 (single phase)
Maximum output fault current 1.05 Arms, over 3 cycles; 25.2 Apeak  1.74ms duration

*arms at nominal voltage

Efficiency
CEC weighted efficiency 96.0%
Peak inverter efficiency 96.3%
Static MPPT efficiency (weighted, reference ENS0S30) 99.6%
Dynamic MPPT efficiency (fast irradiation changes, reference ENS0S30) 99.3%
Night time power cansumption 46m

Mechanical Data

Ambient temperature range -40°C to +65 °C
Operating temperature range (internal -40°C to +85 °C
Dimensions (WixHxD) 17.3cm % 16.4cm x 2.5cm (6.8" % 6.45" x 1.0")
Weight 1.6 kg (3.5 bs)

Ambient temperature range -40°C o +65 °C
e R i Operating termperature range (internal) -40°C to +85 °C

*yithout mounting bracket

Features
Compatibility Pairs with most 60-cell PY modules
Communication Power line
Warranty 25-year limited warranty
Compliance UL1741/IEEE1547, FCC Part 1S Class B

o o CAN/CSA-C22.2 NO. 0-M91, 0.4-04, and 107.1-01
Courtasy of Enphase
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Technical development of wide-temp. low _loss ferrite materials

® In view of the disadvantages that traditional power ferrites can only achieve low loss in a narrow temperature range,
TDK developed PC95 wide temperature low loss MnZn ferrite material in 2000. The LP9 material corresponding to PC95
was developed in 2006 by NCD.

® With the continuous improvement of material performance requirements for photovoltaic, automotive and other
applications, especially with the accelerated penetration of SiC and GaN wide-gap semiconductor devices, the first
generation of wide-temperature low loss materials have high power loss in wider temperature ranges and higher

frequencies. The market is in urgent need of new broad-temperature low loss materials with flatter temperature

characteristic curves and higher application frequency.
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Technical development of wide-temp. low _loss ferrite materials

e One of the main reasons that the power loss of MnZn ferrite
material varies with temperature is that the magneto-crystalline M
Ph
anisotropy constant K;, which affects the hysteresis loss (P,,), :

changes with temperature. Low hysteresis loss and high

permeability (y;) can only be achieved near a single temperature Fot+

point where K; compensation is zero. Ki

.Tc
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Technical development of wide-temp. low_loss ferrite materials

® Based on the study of the mechanism affecting the temperature dependence of K;, through the technical innovation
of the material principal component, additives, powder processing and sintering microstructure control, the
temperature point where K; compensation is zero is changed from a single temperature point to high and low
temperature two points, which greatly reduces the temperature dependence of the magneto-crystalline anisotropy of

the material. On this basis, LP10 new material series have been successfully developed.

Fo2+ LP10/LP10A: Ph & Pe vs. temperature @100kHz, 200mT
. 300
_ Co2+
< 250
To
Total T
Temp . 200
R N T—— /
Host E L— 1 ]
E 150 1T
Co?* ~ K; low temp. K. high t
> 100 compensation . ‘1 nightemp.
a . compensation
Fe2+ pOInt .
o point
50
T
To Total /
Temp
A*Klmo 0
0 20 40 60 80 100 120 140 160
Host T(°0)

eNCD Nanjing New Conda Magnetic Industrial Co.,Ltd. -Maanshan New Conda Magnetic Industrial Co.,Ltd.



Technical development of wide-temp. low loss ferrite materials

Characteristic Symbol Condition LP9 LP10 LP10A
Initial permeability i 3300+25% 3300£25% 3300£25%
Saturation flux Bs(mT) 25 >30 >40 >40
itvk
density @1194A/m 100°C 420 430 430
25°C 350 300 290
60°C 315 285 270
Pev 80°C 305 275 265
(kW/m?)
Power loss * @100kHZ
200mT 100°C 310 280 270
120°C 350 320 300
140°C — 360 340
Curie temp. Tc (°C) >215 >230 >230
Density * d (kg/m3) 4.9%x10° 4.9%x10° 4.85x103

Test sample: OD25/ID15/HT10 ring-core  *Typical value
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Technical development of wide-temp. low loss ferrite materials

Initial permeability vs. temp.
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Technical development of wide-temp. low_ loss ferrite materials

Power loss vs. temp.@100kHz 200mT
450
400
350
T 300
~
=
~7
v 250
(a
200
—LP9
150 —LP10
—LP10A
100
-40  -20 0 20 40 60 80 100 120 140 160
T (°C)

eNCD Nanjing New Conda Magnetic Industrial Co.,Ltd. -Maanshan New Conda Magnetic Industrial Co.,Ltd.



Development and mass production of ferrite P-core series used for main
transformer in PV _ microinvertor

® Based on the development of high-performance LP10 material series, combined with automatic powder preparation,
efficient rotary pressing, automatic green-core stowage, large-scale atmosphere controlled push-type kiln sintering,
precision surface and air gap grinding and production management and quality management system based on MES,
after years of efforts, NCD has become the largest Chinses supplier of the ferrite P-core series (P52/P52B/P61.7/P80.8)

used by international leading enterprise of PV microinverters.
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Development and mass production of ferrite P-core series used for main

transformer in PV _microinvertor

® NCD is implementing a construction project of the intelligent production line of P-core series. It is expected that after

putting into operation in 2024, the molding - sintering - grinding processing process can be fully automated

production, improve production efficiency and quality level, reduce labor costs, and double production capacity.
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Improvement of materials for large ferrite core for enerqgy storage and charqging pile

® Challenges faced by soft ferrites

Large cores for energy

Higher frequency Higher temperature Larger core size R el
® High-frequency is an ® High ambient temperatures for ® Power quality related
effective means to achieve outdoor PV microinverters and devices (UPS, energy
miniaturization, charging piles. storage inverters) are
' i ¥ . e Lp high- d.
lightweight and low-cost ® High power densification increases A

[NaEletcicoRanenis o9 the design working magnetic flux ® Llarge EMI filter
it is always a hot spot in density of the core, causing greater magnetic components
the devglopment of power magnetic loss, which leads to of distributed PV
conversion technology. higher temperature rise. systems.

®’ Theiintroduction of SiC ® The high temperature stability of ® DC fast charging pile
device reduces the the SiC device and the high with high power.

switching loss at high
frequency and pushes up
the design operating
frequency of the circuits.

temperature resistance of the
insulated wire skeleton (H

class :180°C) push up the design
operating temperature of the
magnetic components.

Small cores for communications
and consumer electronics
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Improvement of materials for large ferrite core for enerqgy storage and charging pile

® Challenge: With the increase of size, the performance of low-loss ferrite core deteriorates
at high temperature and high frequency

Composition of power loss: P, = A, (hysteresis) + P, (eddy current) + £, (residue)

Large core

95eaJoul
1ua44n2 App3

Intragranular
eddy current

Transgranular
eddy current

DN
o)
S
@

Small core

P, P, P, (kW/m3)

= f§BdH + C f2B.2%/p + P.

(Note: P, below 500kHz can be ignored)

100

80

Pc

W EE86/57/35

Ph

Pe

P., P,, P @ 100kHz,100mT,100°C
ltem Pe (kW/m3) | Pp (KW/M®) | Pe (KW/m3) | Pp/Pc (%) | PelPc (%) | Ae (mm?) | Ve (mm®)
T25/15/10 47.5 18.7 28.8 39.4 60.6 48.9 2940
EE86/57/35 97.9 25.9 72.0 26.5 73.5 965 234000
® With the increase of the magnetic core size, the
eddy current path induced by the excitation field
in the magnetic core increases, and the eddy
 T25/15/10

current intensity, eddy current loss £, and the
proportion in the total magnetic loss P,/P.also
increase.

Due to the positive temperature characteristic of
P, the total magnetic loss increases sharply with
the rise of temperature, resulting in high
temperature power loss deterioration of large
cores.

Since P, is proportional to the square of the
frequency, the power loss at high frequencies of
large cores is more degraded.
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Improvement of materials for large ferrite core for enerqgy storage and charqging pile

® Eddy current mechanism study

Eddy current loss P,.=C 2 B2 D?/p

DC Resistivity vs. temperature
10

® Because eddy current has significant influence on high
frequency and high temperature performance of large
ferrite cores, the research focus is on eddy current
suppression.

® For a particular core, C is a constant; Working

T conditions (7 B,,) are also determined by design. The
c 1 only way to suppress eddy current loss is to reduce
o grain size D and increase resistivity p.

® In contrast to metallic materials, the resistivity of MnZn
ferrite decreases with increasing temperature, showing
a negative temperature characteristic similar to
semiconductor, which is related to the electronic
transition conduction mechanism between Fe?* and

01 Fe3+. This is the reason why the eddy current loss of the
0 20 En) &0 g0 100 120 140 160 180 core has a positive temperature characteristic.

T(°C)
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Improvement of materials for large ferrite core used for enerqy storage and charging pile

® Eddy current mechanism study

Low resistance High resistance Equivalent Grain boundary
grain grain boundary capacitance C resistance R,

M g

resistance Rg

Impeadance vs.frequency

1000

—|Z] d | | Rg + 2 2,2 + 2. 2.2
Z| measure Z =

= =|Z]| calculated

100

® In polycrystalline ferrite, the grains with low resistance and the grain boundary
with high resistance form a distributed capacitor array, and the frequency
dispersion shows a capacitive reactance characteristic, that is, the impedance
and AC resistance decrease with the increase of frequency. This capacitance
effect is the main reason for the generation of transgranular eddy current,
resulting in the eddy current effect further increasing with the increase of
frequency.

10

1] (Q)

® The increase of grain boundary and grain resistance and the decrease of
0.1 . . . E- 3
. o o0 1000 dielectric constant of the material are beneficial to the suppression of eddy
£(kHz) current and its loss.
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Improvement of materials for large ferrite core used for energy storage and charqging pile

® R&WD results: 300kHz wide temp. low loss MnZn ferrite

Si'e fa..

=% Grain homogenization

EE 86/57/35: Pc, Pn, Pe @ 100kHz,100mT,100°C

Item Pc (kW/m?) | Pn (KW/m3) |Pe (KW/m3) | Po/Pc (%) | Pe/Pc (%) | Ae (mm?) | Ve (mm?)
Before improvement 97.9 25.9 72.0 26.5 73.5 965 234000
After improvement 79.1 27.8 51.3 35.1 64.9 965 234000 ® Through a series of technical
improvements, the resistivity of
o the material at 100°C increased
DC Resistivity vs. temperature by 28 times; The grain is more
. 100 uniform and refined.
90
_ '””Pf?”Ed . ® With the increase of resistivity
== Traditicnal . and the decrease of grain size,
B o eddy current inside the large
z , magnetic core is effectively
= o inhibited. The eddy current loss

of the typical magnetic core
EE86/57/35 at 100kHz, 100mT
and 100°C is reduced by 28.7%,
the hysteresis loss is increased
by 7.3%, and the total power
consumption of the magnetic
core is reduced by 19.2%.,

Pc [kW/m3

Ph (kW/m3

Pe (kW/m3

ol

0 00 40 60 80 100 120 140 160 180
TrC)

B Before improvement » After improvement
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Improvement of materials for large ferrite core used for enerqgy storage and charqging pile

® R&WD results: 300kHz wide temp. low loss MnZn ferrite

Characteristics | LP10A | LP1OF

Initial permeability y; 3300+25% 3000+25%
Saturation flux density B, @1194A/m 540 (25%C) 530 (25%C) R o ; Qe
(mT) 430 (100°C 420 (100°C ® Based on the above study work,

_ ( _ ) ( _ ) has developed a 300kHz wide-
Curie temperature T (°C) 230min. 230min. temperature low loss MnZn ferrite
Density d (kg/m3 4.85x103 4.85x103 material LP10F, which is suitable for

o SiC device application scenarios.
Resistivity p (Q:m) 6 8

290 (25°C) S
Power loss P, @100kHz,200mT 265 (80°C) —
L) 300 (100°C) -
340 (120°C) —

e {250 (25°C)

[

Power loss P. @300kHz,100m
(kW/m?3)

]

235 (100°C)
270 (120°C)

330 (140°C)
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Improvement of materials for large ferrite core used for enerqy storage and charging pile

® R&WD results: 300kHz wide temp. low loss MnZn ferrite

Power loss vs. temperature
@100kHz,200mT

\\

—e—LP10A
LP10F

50 100
T(°C)

150

Power loss vs. temperature

@300kHz,100mT
—e—LP10A
LP10F
50 100
T(°C)

150

® Compared with the existing

material LP10A, the power
loss of LP10F is little different
at 100kHz, but the difference
is significant at 300kHz,
indicating that the high
frequency characteristics of
the material are improved.

It is mainly suitable for
medium and high frequency,
medium and high power
scenarios using SiC devices,
such as optical storage
integration system, high
power fast charging pile, etc.

With the popularity of SiC
device applications, it is
expected that 300kHz low-
power ferrite materials will
gradually replace the current
100kHz materials and
become the mainstream
materials in the field of
medium and high-power
conversion.
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Improvement of materials for large ferrite core used for enerqy storage and charging pile

® R&D results: 300kHz wide temp. low loss MnZn ferrite

Application example: 20kW DC/DC converter module based on SiC MOSFET and LLC circuit topology |

Full SiC MOSFET 20kW LLC Converter Efficiency
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98.40 ——— ~—e
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95.60 A ——Vin:700V, Vout:500V  —
95.40 / =
95.20 v -#-Vin:750V, Vout:550V.
95.00 y =
94.80 +—+ -+-Vin:650V, Vout:400v  —
94.60
94.40
94.20
94.00

3kw 4kw Skw 6kw 7kw Skw Skw 10kw1lkw 12kw 13kwl4kw15Skw 16kw17kw 18kw 20kw
Input power (w)

® Switching frequency: 150~400kHz; Resonant frequency: 200kHz
Input voltage: 650~750V,, ; Output voltage: 400~550V,

Rated output power: 20kW; Maximum efficiency >98.4%

PQ3540 SiC MOSFET PQ6560 SiC MOSFET
Resonant Main Dimension: 275mmx220mmx65mm; Power density: 60W/inch3
inductor transfor

-mer
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Improvement of materials for large ferrite core used for enerqy storage and charging pile

® NCD has accumulated many years of technology and experience in the R&D and manufacturing of large-size ferrite
cores, and has advanced, efficient and large-scale production lines, with a wide variety of product specifications and
excellent performance quality. For new products, CNC engraving can be used to quickly prepare samples. NCD can

provide customers with effective cooperation and support from the design stage to mass production stage.
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Contact information

Ms. Liu: +86 18922840425
Lcg@ncd.com.cn
sales@ncd.com.cn

Mr. Chen: +86 18051977988

schen@ncd.com.cn

No.8, Tianhe Road, Qilin Industry Park, Jiangning District, Nanjing, China
Zip: 211135

Tel: +86-25-84120630

Fax: +86-25-84120164
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Thank You

Welcome for Inquiry

www.ncd.com.cn
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