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RF Absorber Approximations

{£% : Vince Rodriguez, MI Technologies ; %% : /3%

E AT U E = PN LR DR IR A RE
SCEGRE S N WAL B B 5 P TE Y
iR, X TRXAMEF ZREIAE T, MR
HEHEIHFABREE, BARA - LXENS
B U AN T RRAB RS E T, HRURA
— Uy TR PEZE 0 2 2% A5 B AN LT 20 30 4 U gk
WHT . ALETER %N — AT
Ho ARICECEBT AR REIERA TAEM
AR, SR T IR A R
SR P R R 2R HEN], A SCHE
TEFTEIWE 2 b X0 % B0 1R REHEAT 18] Bl
LR L — R 51 ] AR R E VR RE S &
RS 4 AN MUK (=]

MR &R BIRE S R — N EE BT EOK,
BIVAfl S RE S J2 A 7R I 75 07 1) L AR AT T
AR Z D RER AR 10 T AR BRI, i

B —REARKGIUTHR - AARKETERT (—A
RAF—AFEH)

K& G2 s r—H), A—
AN EERIE N REE R AW B B P8 00
I R ] P R I Y B TR P
EERA T B BN SO AR ST E SRR
5, MR T AT E R E SR,

ARSCHRVT T GBI S AN, e L
R AR, RETE S B EAE S Ik,
HFf5 AR PERE RN & T,

IX B Rk

B1RRT — BRI LR R, AL
AT AR ZE N IMNAR S a5 7 m [ « 3 iR
5. R R E X, ENSAERS, &
BEA T ER T A REME R TaEH ., XF
S EC DTS N3 e B £10] R i A B TR
REAE « #O R (AUT) RYBRAER,
TG A S A ATV AR -

r>— (1)

AIER PR RLSErpEX T, D
RREMBEKRYHER T, B2 N, SR
B LAEMRA K, TR/ RLE, Lk

B Al AR ¢
r=10A (2)

Microwave Journal China fj 7% M Mar/Apr 2016



2 4 6 8 10 12 14 16 18 20
D/\

B 28558 R ARTH%A,

X A2 AR AT R R
TR . RIET AT2A
] H S 37 B R RS R A %
A, WK 2 R,

X2 A XIS — 1 4 B o U
i, LI IR ORI A ROT/N T
108 YR, XAHEN 5 KL
RebA k. TARBREM T 5 —4
EmRERMYER, —DRADR

10\ BYR&RITIAREE 2000, X

_L-3 NARDA- MITEO. .
£ & HE

150 400 500 35

watts

L I

10

WE S WE S

Microwave Journal China i 2435

=1
FRERXENRT EE@I%&BIN?&QRT

100 MHz <2\ >2)\ NEH
500 MHz <2\ >2\ NEFR
1 GHz <5\ >5\ >B\
2 GHz <10N >10N >10N
=4 GHz <10\ >10N >10N

A5 0 3 B 2 Rk RUST 9 20 i
FEF LU AR, PR BT RER 5
K, BLAE IR AT SR, SR T
THER A 200 B9 KL MR iR
BiR% 800

i, EE—-AHTELTEE
HLE AR 55 17 18 BT A K4k, TE
k% TAET 18.55GHz, [Al# K&K
JNH 2829 N, AT 37 Ak Z 2 1600 A
5 25.86 K, WK, XFFIXAE—H

KRR, 2N R GT5%A KA
B MTRXARL, BiEXEEHE
IS EEE S, Mk, — N TE
Tr 300MHz (1 10 A fR%, R-FH
10 K, %Tﬂm%%ﬁ%Lﬁ@ﬂ
SERCARMER o XA DLRT I 7V
EEANKI,

— ok t, SN T 100MHz,
FHMNII R AR . TEXFARR
B, AR AR AN S e 2

g | 2 %

WETE

)
\ i
]

Narda-MITEQ

7= Th == 0B F0 B3 50 25 ¢ mY iR R

L-3 Narda-MITEQ {2t S ST BB RIS Th R
IRFNETSNRRM . FEfE60 SERIRACIFHEFZ L
1R, L-3 Narda-MITEQ 888 iR R
EEREFIFSIIEBRS R
#R7EL-3 Narda-MITEQ —HAIEEEKE

—imES IR

BHili@nardamiteq.comz& B
001-631-231-1700 7 REEAIRIFFE =M o

n ﬂﬂ L-3com.com

B Mar/Apr 2016

69




Technical Feature A m

B 3. —ANRFT AUT Aol X X & 0] R AT 542 fm A
BHGENE R,

M, EN KBRS, (HRRLE
RSFRAZF/INT 20 5 AT A28 37 B
BRA&IZE 8N (24 K), XAREER %
A 2E M0, RREMETA
[ R RO AN AR AR R fEIE D

1 FREZEHEE. P
13 K e/ VAT AR A /2 B R 4K
RSN — R, IR
L MG IR 4, Ao E S AUT
A B R K

F T LR I S AR AR
W= AT — AR, A% I
S BE - (BLIETOATAIHR I ) S 3f (]
114 BE B 8 (T 5 I 8 3 T 1) RO RFALE
AR, XAKIEEUR R (QZ),
B 1RR T BN REK G, B
FE MR LA Xl A ) A S BE 2R
T, BEE ST E X R EARF PR
S QZY, U Y RE R R/ NAL A L
RS FIREOR 22 18] 1 EL% AR LY
RERARIEAN ) DAL,

LY K e e (K 3),
(RS el g ib N E E T
MK 25 i AUT 5B K &2
[ {4 L 2% AR R AT T R B 37 3, AR
i, WA RS R lior B MR, T
T AT Y B A e . AR AT RE R
1o IR PR 4R ) L B AR AR A R 1Y
AERL, ABATERTT 1A Y4 J5 1) Pl
ARERERIE . 72 3, AR
LA T, HEBRIAUT T
NS O BE 1) SR 5. R 2
BWRAHE S AR 307 o FER

70

ATrI), AR R ot L E R R
AUT J7fal (EH) Bysaa /b, Ko
REH/N—4k, fi4n 20dB, FRAIER
30° J7 el A4 o b DT )/ 10dB,
HRARLAEARAT7 10 3N E 553
Fo AUT T2 5 75 1a) Xof v 0 18 R 28 ) /)
30dB, #1152 A 2 A 2 30dB,
VUL i P B 22

RFWe % 8%

FEL 180 W 3 Y — > R B BT I3
& RE MR s o X Wi s A9 AL B b 25T
(A5 S A BB 0 A i 7 A /b
B o A] 2N N, LAY RF
s 2 — P USRS R T AR 1) 6 O
B, DAGEA ST R Bt A B SR
N, —EHRE (EM) R 5t
#}, RF BERFLHNGE, JETAERL
TENGIEZS S °0 PR HURE BE Dl
THZ VR TEEAND
S RNl AR R T 4 ORI -

R, (t)=-13.374In(t) - 26.515 (3)

Het 2HEKFERWERE, K
THAMTEREZ 025 <t<20, X4
WAL BEAE F T X6 — 45 7 S B P B
AR BUFMEAT IR A T, KRB 5
P LA T PR T R AE R

B 1R T DI A e A A
S E T AT T R —
FERBA . RTRAS, Wds %
B RAESE T ], i Il B TEAE
SN FERRIHIIEE> A B RAE T,
Hemming $2 {7 76 #4035 27
W% f RURHG TR, — RS 2R
o, #EFRX 3, $EET KT RFEEE
FIFITEASTR] G F B2 s Y 4 3B IR IR
PR BRI B AR A . X ST AR
SEIIEAL . B F—E IR A i BT
HAB TG, 17, FE R A
TR R AT

Microwave Journal China i Z%3&

W AR IRCR (B2 dB) BF
X A2 W 45
Rg(t,0) = R, (t)+ A;(t)-0+ Ay (t)- 67
+A5(0)-03+A,(1)-01 +A5(1)-0°  (4)
Z W3R &R R R Y R L
MG PRI ERE R 0.25 0 <t<2 A
B, 4 Rl T 2w AL

Ay (1) = 1.5252 — 4.8243t + 6.9479t>
-3.8332t> +0.7333t4 (4a)

A, (t) = =0.0754 +0.24782t — 0.3984t>
+0.2285 —0.0442t* (4b)

A5(t) =0.0016 —0.00502t + 0.00938t>

—0.00577t> +0.001155t* (4¢)
A ()=-158-107 +4.91-107t
-1.015-107*t> +6.58-10°¢>
-1.35-107* (4d)
As()=5.84-10"°-1.78-10"¢
+4.02.107t2-2.71-107 ¢
+5.7-1075¢* (4e)
WMIEEE R 20 <t<20n W, &
Bl TAZmA A .
Ay ()= 0.1751+0.149t -
0.0119t> +0.00028t> (4f)
A, (t) =—0.0105—0.00824t +
0.0007t> =1.61-107¢3 (4g)
As(t) = 0.00029+0.000123t
~1.13-10t> +2.57-107 3 (4h)

A )=-1.69-100 -4.77-107"¢t
+5.08-107°107°t* —1.14-10%¢>  (4i)
As(t)=0 (4j)

K4 ME I boRET,
0° <0 <85 , H 6=0" EHEH
AHt. F4h, (HIRE 2 2 R E
{H3HE ., I 4 7E0.25 1 <t<20 A
Ao, X4mE S TE ERE
4 -55 > R(dB) >0, 4% i # JEE K
F 208 B, RETER/NET LA 20 A
JEHR PR RAG L, 4SBT &
B AN [ L JSE B P W U8 4 ) 5 £ UK
/B R RO AE AL

K5 WoR T F AN EESET

B Mar/Apr 2016



nnnnnnnnn ctivity of Pyramidal Absorber
o
- [Thickne:
j =
- s /z/)_:
-10 O L P
i X s e el =
-~ S
A
7
< e ]
z -
§o__a—;_'_,:__—.—" fat
2 35 =
o0
=
A -
35 40 45 50 55
Angle of Incidence (°)

B 4. fh 369 RF oL 3 69 R B0 69 T4
A28 BB = RO IR AR Y
ZERIG L, AAE SO ® e Oy vk
R RIAER, R R g R IR AR
AR 4T F SR, WRE
I 22 H B 2 SRR B VT B A R
FrHCRE, Z0ias i B AT AR
SR 2% 10dB, AR5 R H SR IR
HIRft 745" 3807 AKFEEA
SHOZER . THRER RS TILAM
SR KT LA JRR IS,
AR TEEERE, HZH4% H
SRR . M Z I R
REGEHILE 35" W, EHi2, WAE
BRI U R] BE 2 Bl W A T P
WA R T AS 7. B2, 2Tk
AT LAFIAEXS A [ /5 B RE G 7E fE
H— RSP
ST SN ORI

— 1\ Equation 4
— 2\ Equation 4
= 1\ Computed TL Approximation
¢ 2\ Computed TL Approximation
O 1\ Manufacturer A Specs
¢ 2\ Manufacturer A Specs
[}
-5 P
A&/
-10 AT
Pl
g " A |8
I -20 A 1/
£-25 . A
4 /]
% -30 >
9 |
e :
-V
-45
-50
>
-55

0 10 20 30 40 50 60 70 80
Angle of Incidence (°)
BS5 witdmik, T REFRRK4FEGFAR
g sE R,

Eessssssssssssesesssssessssss Technical Feature A4S

B)ORSE R 182 oK, X AN R oF R
TENRKEMRAAE — D ER
fil. 7E 100MHz, X 4~ WZ ¢ 25 1 )&
JEA2 164 n, I EH G R M GE
Sy -33dB, X T E X FpARHY E N
g, 77 1) 1 B e R AE /)N 20dB
J5 ME AERR I, A SR A R R
Bl TR AR BRI RO BE &
FIE, BE TAEFEINE 30MHz £ %
20MHz, XEHE S EMC W H 76,
P g At A1 P e A S W A3 SR — Pk
B 7E 25 %] 35dB Z [f],

iy TR

i R DI R /N AR 2 T G 37
AR/ of, R g 5 1
B XHFHfE— T3 R
ERIR =R R 4 e =N NV NP B T K
BTFRAFEEMEN, —Bokyd, B
TG 0 s 2 ) 9 R R o B I 4
K AUT 0/ NERIE B9 B AR Y = 1%
WA —RAREE, HRRIE AUT HI
W 2% A b Z [B] =D 20, DA%
AUT &, mwipiiesh T4
r 2
x =2n (5)

H i njg AUT RoF 9 K 4k
QZ W70 JE % K DAL 5 AUT, [H It
QZ KFnnr, A6 E/m T HA A
TERIR AR . BaX ANTRAR AT DA
HEHFE R x 1%, x 2Ky HE
LR BRI AR AR ) BE

%=n2 -cot 0 (6)

X 6 N KB g i T B R,
TER 3, 6 BYfE A AR 7R 2
B RS, [ 4 AR A
e as R AE. L, WA AUT
4 1 75 BEAE -25dB Z I IEAT I &
U)W 5 g ) 45 6 ST 0 23R 3oL 1 2
Wo BN 2N B AR AETE R

Microwave Journal China f§#7%& M Mar/Apr 2016

FERER EHRIZAK RS
PR, WRFHEER
M, Ducommun &7 45
FRLE

S) Ducommun

« RI= , B—EiRHHE/REMREHBRE

32-36 GHz 3-W IN=RHIASE

+ AHP-34043530-01

- 125 : 30 dB (B/JME)

- MEESSARRT : +/- 2.0 dB (A(E)

- IfJ2=: 34 dBm (P1dB), 35dBm (Psat)

26-40 GHz {RIEFEHAEE

+ ALN-33144030-01

o 1825 : 30 dB (5/VH)

- HEESSPIBME : +/- 1.0 dB (RA(E)
o DRFEEEL: 4.0 dB (BREYE)
MTHRESER

BRRBA S

% +1(310) 513-7256

=1 rfsales@ducommun.com
155 rfsalesducommun

71




Technical Feature Al S m

A Q%(/

2n2)\

B 6. i3 KR LT+ &,
50° WyFRREEE L -25dB, G E 1)

TR

2x=(20(0.84)+4)1 (7)
Horrhn 4 J2 R g R R
20, QSRR R A, KT R
A, — i, BEETEEER SR
W = (207 cot(6)+ 2t (8)

S0 0 At AR B R I
SRR, 75 QZ MWL s Z [ fRF
B/N2N WFEEREE, g
FERRKEFTRETEZEN QZ R~}
TN B A8 I B R . TR T
TR 28 % L I T B W e e i T
Bz,

=k KK E (L) BT
S
L=(2n2+n+2+t+K)x 9)

HpKE—rEBRKIET,
RS AL S R 4R, 2 FEESAIN
REJGHIR P, TEEE, XU
W PSR T E (A N b5 W u R A
TEIE E N T —— O T RIE K
&, BN R &S5, TERIEFE
JeI S I A R s s 18] 7 (8 158
X LT 45,

T0HA 19 1 2 R T BB 3 i R
RABITH SR PR, RO
sl R 2 BA R wT s e,
TR R LR R 25— K &
B, BHFKH4,

T FARE AL TAER G T
— R HEIE R =R K B0 , HAh,
FH i H B BN 2 RS 0 (E TR R
T AUT FEs RS A R B RST

===
N

"

72

IR —AEERE T T —
AN CEITE S AEAL iR g nn 1)
REk, HBLJRIAE G 2500 2 0% SR
TTE B R EL AR A RO B R 4R
FRBMT, S/ N B AT 8 N
M3 M, 7E 500MHz, FTK/NA 2
HIREHIREZE R 105K, A1REK
RROTHEINZ 4 0 BEERR 18 x 10K,
X LE R AR 74 7125 55 8 FH A8 ) r
G O, WA E R UK
MEE RS R T AUT RS, T
NRBIETEE E— AT R0, X
A =PRI,

I = e B T, XREA
TRERIHITE ) SRR N ZEA S, R
THUI AT T S 5 B A 24 R AR Y
TXAE PO T S ARARAE K S5 An32 L
WRALFRI LR SNt S e M

X 8 9B T —MEEN
D) S R BRI AP I . R 80
OLT, BEER/NE AP, i, T
TR 1A T 1 R D8 ) B2 B T DA Ml o
PREFE R A S A (BRI 6)
B R8RS, WY S R
JRy 13 WREAE ] T4 S

3 WiER TR R — A
LR, PEEEENRMI R L R
HIFRE, A RETEIZ T M A3 /s
T My I, T TR R
YE RN R 26T AN BE | oL
bR Re R, B, R
W B R T AT/ I 3 R

gk

XML TR 1 2 5 SCE A 5
— R EES T RE RIER I F A
SCHT AL VA B AT RF BRI I 2
Mt it Z oA SR P
T CRERET, XM IEIE R
SR AAGHUN VAR EY) . d@ K
fL. TIAIR AR EA T, 55 AR

Microwave Journal China i} Z%3&

Width and Length of a Rectangular Chamber
Far Field llumination. 6§ = 60 and K = 4.
Absorber Thickness is 2\

Qz Zone Size is nh

50 —
Parz| | I | <> LENGTH
A5~ =T T % wiotH
—\“ P
§35
2 5n=10
Z 30
g"z:‘» b
L
220
" e =10
gﬁ n=5@ {?_1
n=10
10
i L
5 n=
<%
) | Mk

01 0203 0507 1 2 3 4567810 20
Lowest Frequency of Use (GHz)

B 7. 3 F A F AR T AR 0 e o AR KR
Bl s K Rk 09 R & T R 094674 3 3% Wil B 2

SRR AT 2 2O T 5K KA
HEEH X, W

ok
V& # Kt Zhong Chen #2 4% % F
NIST HiktgitHs6 % 5,

I. L. Hemming, “Electromagnetic Anechoic Chambers: A
Fundamental Design and Specification Guide,” IEEE Press/
Wiley Interscience: Piscataway, N.J., 2002.

2. G. Sanchez and P. Connor, “How Much is a dB Worth?” 23rd
Annual Symposium of the Antenna Measurement Techniques
Association (AMTA), Denver, Colo., October 2001.

3. J. Hansen and V. Rodriguez, “Evaluate Antenna Measurement
Methods,” Microwave and RF, October 2010, pp. 62-67.

4. W. Stutzma and G Thiele, “Antenna Theory and Design,” 2nd
Ed., Wiley 1997 ANSIIEEE STD 149-1979 149-1979 - IEEE
Standard Test Procedures for Antennas, 1979, reaffirmed 2008.

5. D.Wayne, J. Fordham and J. McKenna, “Effects of a Non-Ideal
Plane Wave on Compact Range Measurements,” 36th Annual
Antenna Measurement Techniques Association Symposium
(AMTA), Tucson, Ariz., October 2014.

6. V. Rodriguez, G. d° Abreu and K. Liu, “Measurements of
the Power Handling of RF Absorber Materials: Creation of a
Medium Power Absorber by Mechanical Means,” 31st Annual
Antenna Measurement Techniques Association Symposium
(AMTA), Salt Lake City, Utah, October 2009.

7. W. Sun and C. Balanis, “Analysis and Design of Periodic
Absorbers by Finite-Difference Frequency-Domain Method,”
Report No. TRC-EM-WS-9301 Telecommunications Research
Center, Arizona State University, Tempe, Ariz., 1993.

8. E. Kuester and C. Holloway, “A Low-Frequency Model
for Wedge or Pyramid Absorber Arrays-1: Theory,” IEEE
Transactions on Electromagnetic Compatibility, Vol. 36, No. 4,
November 1994.

9. V. Rodriguez, “A Study of the Effect of Placing Microwave
Pyramidal Absorber on Top of Ferrite Tile Absorber on the
Performance of the Ferrite Absorber,” 19th Annual Review
of Progress in Computational Electromagnetics (ACES)
Symposium, Monterey, Calif., March 2003.

10. W. Emerson and H. Sefton, “An Improved Design for
Indoor Ranges,” Proceedings of the IEEE, Vol. 53, No. 8, pp.
107921081, 1965.

11.  H. King, F. Shiukuro and J. Wong, “Characteristics of a
Tapered Anechoic Chamber,” IEEE Transactions on Antennas
Propagation, Vol. 15, No. 3, pp. 4882490, 1967.

12. V. Rodriguez, “Using Tapered Chambers to Test Antennas,”
Evaluation Engineering, Vol. 43, No. 5, pp. 62268, 2004.

13.  J-R . Gau, D. Burnside and M. Gilreath, “Chebyshev
Multilevel Absorber Design Concept,” IEEE Transactions on
Antennas Propagation, Vol. 45, No. 8, pp. 128621293, 1997.

B Mar/Apr 2016





