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Near-field Synthesis of Multi-focus Beams Based on Holographic Tensor Im-
pedance Surfaces and Design Applications
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Abstract: Against the backdrop of the design of electronic devices tending towards lightweight, low-profile, and multi-target
features, a novel near-field multi-focus beam synthesis approach is put forward based on a new two-dimensional tensor impedance
surface. On this basis, a tensor impedance surface that radiates near-field multi-focus beams is designed to operate at 10 GHz with a
thickness of merely 1.524 mm. This surface accomplishes the radiation of multi-focus beams in space and the free proportioning of
dual-polarization components of the multi-focus beams, and the multi-target energy convergence efficiency can exceed 40% at a dis-
tance of 1.5 m. Its low-profile design, straightforward feed structure, and multi-target radiation characteristics endow it with excel-
lent application prospects in lightweight electronic devices.

Keywords: Tensor impedance surface; Multi-target; Near-field synthesis; Hankel function; Multi-focus beam

Citation: WU Xiaonan, LIU Yuedong, GU Shengming. Near-field Synthesis of Multi-focus Beams Based on Holographic Ten-

sor Impedance Surfaces and Design Applications[J]. Journal of Telemetry, Tracking and Command, 2025, 46(1): 45
-53.

0 2| AL ZUA DL R SR . sk B TR
& T BE RS S BRI A SR I i 1) 4 L G

PR, MOA TR EANUER . Midbblsy  R&Slmak, EER. RSN, Karnh
NEERESNEME . BRI R AR 2R iz AR B R A5, n] S A s X XU AL G
K. AR, HEid LIRS 5% S, S T A s Bl P Ak A
fFF, NRRERE U T 2 a2 pE R 7EsKEEPUR IR Z BRIy 5h, 2E
feidhs, FRBBNETARAATEREZ A, B SRRSO SRR, Rk TR S

T

E&mB: FERZE 17334 (2021-JCIQ-1J-0854)
Wis HER: 2024-08-05; fEEIHER: 2024-09-17



- 46 - KittsEF, ET2EKERRTANEAZSERLNRGEABEERRITNA 4 46 &5 1 ]

TR RS £ H R E 5 52 B A 5 R0R B (A
AVBIPRS, SRS R 2, TR ALY
A5 B IR, A% G 07k ME LA R S B L e
2 MR, TR LR & F ko s i W 2
BRI RS, Tt — 2 3h 2 H AR i s /Y
Bt

R 5 22 A R PR R R B R AL R0 T 4
MIRE J) o A% G2 B AR 42 B R 2k AT HH AL R 5 T RE
{HAZ 2% 14 TR 20 1A BT Fa 00 45 200 R 2R 9 A K i
vy LA 2% B 0 5 00 5 7 ) = 5 2R 2 i [+
PERE A X R AT RAF I, (E L5 IR A0 5% HL B
S (oA 3 T ) ) 1T GO AR kR B R I
S it N 1 TR v &R B g G S Y = A ]
B T A R RN, R AT DL SR R 4 A A R
IR AL S5 AL o E % T BT R T S R G M 51 R 2k
TARRRPER 25 57, 0B K i B0 2 1T A e AL
WRGEFHEM RS H o AT 2 -8
R, g uk bR O e, gk
R — M2 T 4 B ke FHP R 1 1 32 3 22 R L
WERRR W, IR — R ST Y 9 fE SRR Y
SR YL, T 10 GHz AR T 52 B XL Ak 1k
SR LR, R R I A s IR R AR T
OANFEBEAL , 15 22 IR L R G AT 1 v
J

1 SRERFRERITSN

BEL 47T 2% T RE W5 A B ST T <6 J W 7 A e O
P ELT i A o 2 v P T 9 S R
TR YUR R 22 5, BT I RT3 23 D AR
TR S sk BT R W, L, bR BT RD
A 1] Rl PR T P BT, RWE R MBI = HEE
ST A 5 0 A R T A 47 77 1) 1) 22 20 T A A 14
AR s s BHAT I 25 18 S P i P BT, LR
P AEA R A4 7 1) B BA AR RN B E .
TRA ATk PR I, 1 oA o B X 45 1] [F]
PERHBCRR I 735

A2 Sl 5 O R AR S AR 2R . TMAR K
T 1Y) 2 T FHL 470 5 s 8 S 05 3% 1T 7 1) ) S il Y
Bk AR, HOFZERRRARRA

AN :jWO% (1)
Hrp, ko HHARBER, g8 A B2 ST,
kfkyEbr i A — AR TBH BT AR o e M i A ]

PRk e, ke, Z ISR AT R A -
k2=k—k; 2)
FT o, TMABER MR HT A R k 2] 2240 -

kK
Zn :.Wo? =1 P -1 3)
0 0

RMEPAE PP R BAT IRy d, HAAI 2
G ¢=k,d. FRITHIITH AT X IE R AR R R
N, B

¢ _ke_ de

" T 0 T dw “)
Hr, c hHMZERDEH, o WARMEMIR, #—
A, BT BRI IR AR 4, winl LA

RAF TMAR AR m BT, R

. |k? Y el ¢\’
Zri=]M0 F =1 =jn, n— =110 (560) -1(5)
0

5K f 2 11 FH BT 50 10 T P AR PR 2 T AR BH
PUE SF R LRI A, ki R R
— MM Z R . RPEAERESES, HbiREN
() FL 7 K i E FE S 2K i HE A 2 T BT A 25
E=Z-:xH, REHERAIFRRHI=2xH, WHE,
S THT L U A K R R T BT Z M A O R AT ROR N E =
Z-J, B HEITAI1E

B 20 e

FRAERE S SFH A2, ZHEBE 75k X Hermitian
JukFp)ErE, Bz, =2, [ E S e B 1S
ZAERE A T R Al e R, Rk, skE R
U DA Ao fe A i b AT A S = A TEK
HRMMAYOLFFMT, RIS M TEAF TM
R R B TR SR M, DL TM A
TR B, IR B FEA N,

E=E+(Eqy
H=H,+CHy,

Horb, ¢<1 HOMIESEH
kR FTTWE A, e, 237 1 FELC 2 1T 7 16 L 9 B8
W kATAFR R -

(7

k=ke +ke, (8)
RN IR T 10 0, 7] LA IR -
0,=arctan(k,/k,) 9

gEA R IR, VU E AR
FHESD, I @) AR(6)rT LIFEF]



2025 4F 1 H =N OE E < 47 -
K ot g, A8 T M 75 LA PR FLFSS (75 L G 30 007 2L 43 B 1)

" ky _ HOGHZ BTG AT AR, FH AR AR A A X BT
—j%sin@,—(cos@, AT BT, BEH g MO R PRl (7 EAS 3 4%

v AT Ak 2 T BEL 7 S 26 T8 i A5 905 07 160 £ (9 A8 A 2%
4mwﬁggm@ HIPE 2 B 0%, 76 B A B 2R TP LI BT A0 — A W

(? ? ' (10) B FRE, R EEE A BT, R % e

—jsinf,—j{ —*=cos 0,
ko

k. il ko 7E TE A EE TM A ) 2% 11 BT 3R aA 2
FELLk ko W HE B R B L, v LK & sk, 0K
—REARVE AR, A SOk BH A R0
— AU bR PP, A R OC R B R IR AR A
0, AT LA Bk BT A0 —feAn R BH BRI
FEm 0, R R, DR, Hd, X+
TM B e, HER WA M, “” B <+
5, XFFTERSERESE, “+7 B “-7 5,

k . 2
0

4nix (Z,, sin*0,+ Z,, cos’0,— Z,, sin 20,) x

(11)
1
(Z,, cos’0,+Z,, sin’0,+Z,, sin26,)]* } x

[27]0(2” sin’0,+Z,, cos’0,— Z,, sin 26,) ]71

ek PR IR R, R
D5 I8 I 48 B T AR Sy BEPT 2 A i ) Shos, LRI
NEEGE TR . R EE R 10 GHz, HLoT
W P=4 mm, AR ST136, AXTA L H E e~
3.5, ARIESE h=1.524 mm. %I 1 BOE I A
FREETEIE g, Wi 8RR S x il =z 18] 1 e f 6, R
B ZE Bt v 5 g R s sk i R BHAL . S 1 AL BHST
WA 2, K0 R R4 Y g, [ O 0.2 mm,

IRE@

Slave
7 Boundary

Master
Boundary

Ground

Bl EFBTFaRFriikatirin
Fig. 1 Schematic diagram of the square slit tensor impedance

surface unit

FTRHBTEL IR, AR AT RN . (D S5E500n i
2% 1611 BEL T it 2 i I8 A% 7% A7 5 28 AR i B O — At
[, LA I8 < a5 8 Tl 14 e R 25 T < e N 0T 4
5 x e ss s @ SEkchr iR T BT R FOR RS
<) W e Ta] R A BT ¢ A K

—g=03mm,

33%/ T30 3000
% :
2 0\ 60
QLN
N2

3007
2504
2004

g 150 300/

g 1004 /

g \ \

3 504 / ARR

j=% \

E o070 ! ;190
\ |

3 50 /

< \

E 100 /

1504

RS S )
\ ~ J
2405 S =l 7120
2004
2501 o = = g=027 mm,
210 >~ 150

] 0=80°
300 180 §

B2 SR LA R A @ A oy @ R At £

Fig. 2 The curves of equivalent scalar impedance varying

with the direction of surface wave

G, B BT bR e SRR TS W R ) 4E B
TEREZ OG5 o I T 48 A BE AR BN, A
AR G ) S T R g BRSO T, e A
g B AR RS ¢ 1 T 2k 0y 5 T Y 6 B
2%, WA 3(@) IR FEAN RN I] B e B 26 AR T,
e R o A B 2R . SRR — SR G 2
AN BRS¢, FRATK(S), AT 5 G
TR 98 BE g 55 45250 bs o 3% 1T LT Z, B % R G R
WE 3(b)FTR . Z5 b, AT LUBSS IO Y I 4 LT
R BRERMESIME RN T EEHZ,.
Z, M Z BT, i 2R TR A A BT
I8 2 T 04 % 5 1y 2 728 A0 T G T3 0030 o 2 BB [
5 BT A B Y R KA Z,, DA SRR Z,,, 4 £
Opme» A 3(O) TR IR SC TR L FH Z H XS
o7 B b BB S g, W R ARSI 6.=0),,,,,, X
FEALHRE T — DRI S

2 KERRREATIZESEE
g H L i i ] Y — e 2 208 -



KittsEF, ET2EKERRTANEAZSERLNRGEABEERRITNA 4 46 &5 1 ]

. 48 .
14
——g=0.1 mm ——g=0.2 mm
——g=03mm ——g=0.4 mm
13 e g=0.5 mm ——g=0.6 mm
——g=0.7mm ——g=0.8 mm
X2 F—=—g=09mm ——g=1.0mm
IS} ——g=l.1mm ——g=1.2 mm
= ——g=1.3mm :
2 N e14mm
s .
=3 —g=1.5mm
£ 10
9F
8 i
7 . .
40 50 60 70
phase(°)

(a) AN IR BRSEEE T FTT (A 2

(a) Dispersion curves of the unit with various patch slots

350

300

250 |

200 |

surface impedance/Q

150 |

100
0.0

1.0 1.5
g/mm
(b) Wi iR BRSEIE SR M T C Rl 2k
(b) The relationship between the width of
the patch slot and surface impedance

0.5

B3 FHETHIFE A

Fig. 3 The scalar impedance characters of square units

[x. 0] .M,
zmth&]u2
j[XS 0 } N M, Im[Exe“ ~E"J, EJ'-E"J,
0 X, 2 EJ'-E"J, EJ'-EJ,
Horp, XOREMhr R RO E, MRk E
e BT R BB, E, S BT I 0 5
FKrAX, EME RFoRHEx My Irmorte, J.
S PR TH Y SR L A, T T, S R
Hox My O 1) oo H J X A0 B 0t A7 L 0 4% B s
o XA R WAk Z BRIk U, P
FIBHBT X, A i R B M ] 2R 3) Al (14) 15
(CE2IN

max(Z,)+min(Z,)

X, = 3 (13)
M= max(Zs);min(Zs) (14)

A2 JRIT, 133 ZHEE = A TTHY
Fk AKX AS) TR, WL, ZHEFFH BT
T ) 4 T P, S0 0 S 0 2« BELL R T A1)
PR, T AR, (BT R A
P HL T BELHE 2 181 1 1 0P Sl B e it 2%
W 6T 5 m AT 0 B T, A AR AR
(e, )+ HERTH HL LB x i1y 07 16143 T LA 26
R(16), I, p,,= Vil byle RHTEAL A
Y FR Ak (17).

Z.=jx,+j

Im(E.J'-E!J,)

2
M.
Z,=i5 I (E,J) - E/\J,) (15)
Z, =X+ m () - EJ,)

| X, 0
Im (B, @~ T QEL) = [ S }
m ( rad ® surf’ surf ® rad .] O Xs

M,
+_]71m

HEMRVILH

(12)
J (m,n)= ;L'" ot
J, (m,n)= ﬁ b (16)
' Pom
E (mn)=1I,_e"-
E, (mn)=1I, e~ (17)

i L b AT R S, L B 7R A L
BRI, 6l S AT R 2 1 D, D L
A L TE A ST R G R 3 9 T L R 3
VEAE AR A A . DM, B2 T AE 65 1 ik R
HT 85 556 1 B o185 o T R 5 31 3
i, XEFF RGOS T LR, JEm SR
YRR . LY E R E, BB ST WA, AT LASE
BUARIH 00 x 4300 5 p S B S R, SE— BT
S B . y AR IR B A sy

MR 91 K 2 1 2 LA DR 0 P 1 S L 55
B, ST o1 5 M 3225 R T S B
BB (AT AR . RTTT, BAZE s 0 S
L, WM R S A, ST M LA L
SE MR R 2 DB Il BRI
B S ORI S B 555
T2 (T S A W B T L SR IR 2 O e S,
AT 1648 A/ = T vk BB 8 R 5 ) T
Y 7 1 P45, KT BE 0k (PSO) R A5 5 1
(GA)YTE L RESR 8 P 7 B N 0%, (R A 2



2025 41 H

& M E 49

R BT 207, 1995 4F Bucci #2 1 1 3K f# - 1t F4
G R LR e MUl 8 28 AR 5% Bk SR e )
T mE g, BAA RS TR,
WG BRI AR E T, SR
AT LIRS B3 7 % H . Gerchberg-Saxton
(35 2K A A M6 - 5% o 397 00) B3 025 1 1971 4R 9 8 k42
WU, RN T R RS g R AR, HA R
5 Bucci 1958 X LA ]

R E A IR AT A SN H TR SRS R 2
HEGLR G o MBESER G BIE AL OTE TR i
SR, XA BREFRAMS R D25
R BE S5 AHAL oAl o FESEARAL LA i 3 25 5 R
B, HIREE e It Hs, B8
HARDL AT WIAVE A PUfe s e, H DA 37 B IR B o3 A
J . MURGERESIRN E, H ORI IR )
A e T R BT, AR R A R P R A
AROT8 A A SO I H A 5K et AT 2% 1T 2l ok B
il - BT R SO Y R 1 R T RHAT A,
325 T PR YL — 2D AR T TR S P R R S, 3
SUAE A BELAT 2 THT Y 11 52 37 0 8 AR 67 AH B OCTR  7E
GG A AN —UGE G R, BEE ALY
Ak, IR R AR, HE R B0 HER $E
FARIREE A, Wk Jo ik MEwfh R i 3 o A
BRI 2R B R I RCR B AT .

BEXT R IR, AR SCHE T A8 AR S AR AR
HEZE, 4564 RokaEEyiRme TR, EF
PRI R TP 5] T Hankel(V 78 /K ) pR BCRAE 7K 1
FHPTRMM ATy, &5 7T 25 NiEgmss 65k,

RHATT THT

AW IR AR ST S A, AR ARAS I T T Y
SR ARAS 3 A

T, B BT A AR 3 R B A A T
DAY o BH B T A 4 G i 8 R ol LR T
T A o R v ) e D o B BT T, (AR S Ty
XELAIHAAE . Gabriele £ H 1] DL Hankel PREURAE
FHATL R 1) AR 37 0 A2 Bl T30k 1 TM AR X
R PACAEALTR (p, 0, 2) TR N »

Esw = [szszHl(Z)(klp) 15 +J5w% le(EZ)(klp) 2} eik:z
0

H.,=—J H®(kp)e* ¢

(18)
Hr, HO R HP S}y — 25— Hankel REUR 2%
B Hankel BRL. Z0IEWH, BB T35 & 10 26 T FiL 37
R R AT LU 2L (19)FR50, b, Az (R .
TEz=0T |-, MRG0 R 4k T, =5 x H |, 7]
AR F M R FRE, W QOITR. X Tk
REBELHT A, 47 7 FhL 0 4 B x5y 1 4 i
PEAT A, IE ST Z SR, ORI
HE AT L3R MR 2 DR,

_ kOkth
Jo=—I,Az o (19)
Jo=J H(k,p) p (20)
Et| z=0 szsurf®sz (21)

A ] Hankel o B3R AE R 10T AL U, 55 2 i FHL
PUHEATANRIB S, ] DLERR A BT 1H AY 1142
YR, BHGIAESZEE R LT, R —FlE
M3 T 2 Bk EEyT R m L i a ik, B4

f = BiEAR [ — \
WA A I FLA A — . ﬁ%ﬁyimﬁﬁ |
. Eﬁéﬁ%ﬁﬁm&y—}» ﬁ?’ _+zﬂa¢rfwa¢) | > ﬁ&%%%ﬁﬁ |
| FIFHLE s
ankel PR = (G X'}E%%THHM%
k_ — —

B4 mik@meiyse i rRiiER

Fig. 4 Block diagram of near-field synthesis algorithm based on tensor impedance surface
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