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Abstract: Radar wave absorption materials have been widely used in electron devices working in microwave frequency to
avoid the electromagnetic wave interference and in military equipments to prevent the detection of radar wave. High per-
formance radar wave absorption materials require a high permeability and appropriate permittivity in GHz range. Due to
that the flake-shaped FeSiAl powder has the superior soft magnetic properties and possesses the high permeability and ap-
propriate permittivity in GHz range, its composite has been widely used as radar wave absorber with high performance. In
this work, the flake-shaped FeSiAl/paraffin composites with various volume concentration and thickness were prepared.
Their electromagnetic parameters in 0. 1 ~ 18 GHz were measured by VNA. Their radar wave reflection properties at the
air-absorber interface and absorber-metal plate interface and the reflection loss properties were studied by measuring the S,,
coefficients with and without a terminated metal plate. According to the measured S;; coefficients and the simulation data,
the relationship between the frequency position of the reflection loss (RL) peak and the absorber thickness was confirmed
directly, and furthermore, the intensity and bandwidth of the RL peak were investigated deeply from viewpoint of their
origin on the base of interface reflection model.
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Fig. 1 SEM micrographs of FeSiAl raw material (a) and FeSiAl
particles after ball milling(b)
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Fig. 3 Dependence of permeability (a) and permittivity (b) on

frequency, and RL properties at various thickness(¢) for

flake-shaped FeSiAl/paraffin composite (15% )
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Fig. 4 Dependence of permeability(a) and permittivity(b) on fre-

quency, and RL properties at various thickness (¢) for

flake-shaped FeSiAl/paraffin composite (25% )
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Fig. 5 Dependence of permeability (a) and permittivity (b) on
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for flake-shaped FeSiAl/paraffin composite (35% )

JEL T M o A AR e Tk v 8 A e 7k 5 30 U R i 1) B2
0, To 3 H HRL A FE DL IR 45 11 A o
3.3 H T FeSiAl ## /A4S & W B R0 R A1
3.3.1 RLM/EMmELwBAK, REREWMFEZ
X Ja A FRAR A B AR R R ), 7E RL Y AK
AL, FARAAEPFIAL . —F 2B IFENLE, —
PR 174 PR AMEALE o N b S B 4 R B 215
tE FLRE SR AE AL TC T % B B FeSIAL K/ A 5 5
RL W A8 A . 1T 1/4 P KAV ML 2 . 36 B A S
A B T8 U A SR b T AT B AT — R A R T Lk, BRCh
IS S (Reflective Wave, W) i AW IR ZE N
HIFR A AR B R Uk, 8 0 S A AR 4 A S e oE 4
B, JFAmTAE ok, FK O IS S T ( Emerging

Wave, We) . 47 o0 2 S AHN A 22 180°0F, LT
WA RIS, ER DB S RE I . 20 XA 4%
PR, W TR ISR RE R A 174 A S i A B, B,
_ nc
", Sem,
K, o, WUCECIREE, f, WUCECA R, & ke G A AH
XA HLE L, w, RS AR 3%

6 K I FeSiAl BEKS/ AR A8 (15% ) 1/4 . 3/
4 I K TR i 2 5 6 R 1 S SRR I R (] 6a AR R A
3 (3) A A AS TRV AR X 107 14 W 30k 2 A SRR, R 1/4
NI . B 6b iR (1) A=k (2) 5 A
JEEE R RL iz, MIE 6b () RL ik bl LB 2], 4
WS R R ST 1 mm B, 7€ RL #h4k %A H 3 RL
U, BERE, FE 0.1 ~ 18 GHzEE AN BE A 52 5T e f D% i i
AR s WA R R 3 mm iF, LT —4 RL
s MBESHAYIEEE R 5 mm B, HELT A RL &, BT
A X4 RL XTI M IRZIRE, B 500 174 K
M 3/4 Pk —8 XS5 RWFE, 0 R R
SEJG, RLUEMIEEASE . DNE5E 4 174 PR AHTE L
Ml . AHN, M 14 3/4 P2k ik al LAAS 3 i
fFRJE: fE0.1 ~ 18 GHz W R [l iy, MR E /T

‘ (n=1,3,5) (3)

5 |
L ) o
-5[ ) 1 : -
L \ ' |
-101 1 : \
L 5 X
_15F 1 '
% 15_ . : :
- ‘|
!I‘zoj r y —=—1mm :
1
-25[ 1 : —@®—3mm :
r 1 |
-30F ' : 5mm 1
L 1 '
|
ggb— L e
0o 2 4 6 8 10 12 14 16 18

K6 15% J7IE FeSiAl HiMy/ A2 G 174, 3/4 A BTk
(a) 5 SRR (b) Xt i
Fig. 6 Dependence of A/4 and 31/4 on frequency(a) and RL proper-
ties at different thickness (b) for FeSiAl/paraffin composite
(15% )



98 Hh [ R R a2

32 %

L4 mmi, SREELYS 14 KL RAE S,
N RLWEAATE; M)EE AT 1.4 mm /N T 4.0 mm
W, SFRELHS 1/4 PRMEA LA, WRTEXAE
JEYERNAT —A RL W MR RT 4 mm 0, SFJEE
AW 14 PR M&A LR, X534 i Kihdf &
o BRI R EEE N, A P RL I,
3.3.2  BARTOKOE IR L ) TACHLIE
M3 FE S (9 RL & mT DL B, BE A FE 55

BOBE N, RL WA f 56 B2 S 00 o J5 e 55, 7R L — JEE R AT 3k
#) -30 dB BUEAF M, EERX S, RS S
1/4 P AARTEAILE], X F % I8 1Y) B8 B 3k 1m) Al— 530 A, A
JESETH ARG IR . B 7 SRR IE 174 P B
SPRRL R B o AT 4 R B AR P R A (T Ta)
ASFIEBITE IR (Ey) 702 3 AR A — Ao 90 S 2
S 25 (S oy ) 3 — BB AP FE AR I B AR FESE (B, ) 5
A — R4 3 i AR ST , AR S ST S (S, ) o
B ASTirRER A 1, IBAA

Siiopeoy + 9 + Eg =1 (4)
b R B AR S (8 7h) Bk A S BIRE S B,
AT F R — T RE R S opey » X—EBBER S WA
i Jeg AN T A T B S A BB SR AR ] o i DA 3 Sk 25
TRER 3B 1K (S, ) BT T T Y <6 J& A o A S S, SR
FE i 5 P AHT P G S R RE SR ., BRI R A 1Y
BEEN E,.., XAMENR N AERRECRATRRA:

Siomey T E, +E o =1 (
TS £ 52 SR 5 AR e e AR L DU Y Sy sone s X HLE
Sy swoner IR JH A% i 2 B93589 S5 S5 W A iy 4 0 — 3
By, XIRERICRA

I Siioven — E. 1 = S, shore (6)
(o) XA (5) K, A3 —-DFEENRE X
#3:

5)

281 oeen £ Siisworr + Eie =1 (7)
S IORT

t
N

E SH—OPEN Eo \\S open
0 1=
1 I Sample 1 ;}nt_interface
4
I\ E\ ‘ Post-interface
]

/

sssss

(a) S (b)
7 o R R S SRR 5% 2

Fig. 7 Schematic diagram of reflection model of an EM wave

on an absorbing layer without and with a metal plate

EJ_SZE/Z}EEEP ) S]]_QPEN *u S]].g[.[om'ﬁ[ Lyxﬂzj%ilméﬁﬁ
PriC B A8, FHX A28, 456 Lmma

3, BE AT LA R B BB R 1), AR A A IR
SHRER, o S AE R DL R VR 2 R R 14 RE 43 i)
FIt i 035

i SR A T ORI R () R TE FeSiAl /4 45/ 41 b
(15% )58 &Y FE fh, 3 SRR 09 R B 4 3k 2,03,
3.74, 4.74, 6.15, 7.21 mm, HWAEFTHEKOITE, B4
HVTE XSO RE 1 R U6 B 25 J5E 18 0 1 i 1) (IR ARL RS B, HL
PE W A U 5 S 1 R 0N o ) FH 2K i X 4 0 BT o3
ST R AR T B (O 4 ) R B (42 TR AR )
BRI S 250 S open A1 Sysnore s 45 S AE & 8 Hf 51
o X TANTREEBE AR S TS T ST S,y open FE ISR
RN,

LI RN A SR Y A = R IR 1) BN 0
TR BEE RTINS, omn B WG IOF 18 TR
S, W IH R R I AT S G A R e AR RO R T AR
SE o PEIXSCJEEERE S, TFEEHY S, o TEABIEA 5T
PRFEVE B . M B S JEAUS . Sisnone LT UG
PAFEUAE R DR A JRUAR S o A i 1) B 3K D s SR T 1 4
JERMR A ER I, JE R S R AT I, 5 I Y
SHBOY L& N o R b JE T 2 9 I A A 25 180° B,
PRSI AR, T R o 5> S 30 4, B 35 00 b i
ST AR U R R T R SR A S AR T o

S5 G T RS A AL R R ) i B, RS 5K
() BEPTLAG R L3k 5 AR S EERE S, 76 mT A m RS 5
T 14) T 15 S S R ot S AR MR IR I R BB TG, Ik 2K
PR HEHESEIN TR b, BARBEREN4.74 mm
HIRESh, 784 GHz [ S 5 i FE 0 f ik, 3K 8 T de A
W, BRAR 224085 SCilk b 42 3 9 58 42 DL ( Perfect Matc-
hing) o ARG o, XSRS I A SIS
REHIEAFAHAS , S EOUR SRR iR o® o 0T EL X ) B A
FHPTIRAREE R 1, FFA e Vi 40k, X 1 H b 5 3
di, A PO RCGT I RR R ASAH S, HRETR AT, &
BRGS0 ST Sy open F Sy suone MU HE 7T AT 1
PLoE VLA (4.0 GHz) h 2% i, KT 4.0 GHz i}
IR R MAC U A TR 114 S S R /N TS AT S i e
iy T 4.0 GHz B e, WAL AH I, R AT
FA) R G R e K T e A ST e R . BT LUE Y, )
PR EA B TR IR RERAE 0. 1 ~ 18 GHz BN 5E
FEIERA — 2 PR RE o M AA A R ST B FE I, W J2 A sk Xt
IR PEREE AR X5 S FERR A — /N4, E A
FEVCRCIE B 1, W2 AR BAE R RE 5 B 28% [
B, IR BN T IRV AC S A LR SO R 53R 1 L I A %
F1, EAGERGIRZ SCHR A HA Y A BRI G
SRR 1 BT T 1 AR R G R FE B



%24 +

W45 P FeSiAl BB & 5 BHRHY T A D L]

99

2]

t=2.03 mm t=3.74 mm
-30 — SH—OPEN -30 SH—OPEN
S\FSHORT S\FSHORT
o S S U [ty | S S S S S S
0O 2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18
fIGHz fIGHz
4] a
0 0
-10f -10f
m | m
2-20 2-20
— -
s s
t=6.15mm t=7.21 mm
- t=4.74 mm L _30}F
30 _SH—OPEN ~30 —SﬂioFEN %0 = Sir-oren
SH—SHORT S”’SHOW S\\—SHORT
_40 1 1 1 L 1 1 L 1 40 1 1 1 1 L 1 1 1 40 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18
fIGHz fIGHz fIGHz
K8 15% KB FeSiAl @EH/ A1 bk B A WA R EERES: Siiopen B S1isnorr S FRAYFEFH: (2)2.03 mm, (b)3.74 mm, (c)4.47 mm,
(d)6.15 mm, (e)7.21 mm
Fig. 8 Influence of frequency on S|, oppy and S;; suort of the flake-shaped FeSiAl/paraffin composite (15% ) at different thickness
F1 FEEEHGERLIEEFRL, TEFERSMAMBRENEHEEEREERXSH
Table I The EM energy reflected by the front interface of the absorber and the metal plate, and depleted in the absorber at the RL peak
frequency for the sample with different thickness; Other related parameters are also listed
u/ . Reflection of Reflection of
Y m ) ~oat loss | Z../Zy |
t,,/mm CHa RL/dB Reflective energy front-interface post-interface Coat loss | e/ul A
2.03 11.3 -18.4 0.014 0. 46 0. 44 0.10 11.23 1.02
3.74 5.8 -26.3 0.002 0.41 0.41 0.18 8.09 0.90
4.74 4.0 -38.2 1.5E-4 0.36 0.36 0.28 6.23 1.03
6.15 2.6 -26.8 0. 002 0.36 0.36 0.28 4.84 1.30
7.21 2.4 -19.1 0.012 0.31 0.32 0.37 5.03 1.33
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2.6 6. 15 2.08 2.60
2.4 7.21 2.07 2.65
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