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A review on Terahertz lens antennas

CHEN Yi-Cong, WANG Shuo-Bo, ZHAI Guo-Hua, GAO Jian-Jun'
(School of Physics and Electronic Science, East China Normal University, Shanghai 200241, China)

Abstract: The terahertz (THz) antenna is an indispensable component of the future 6G mobile communication, among
which the THz lens antenna has attracted extensive attention due to the merits of high gain, stable radiation performanc-
es, low cost etc. THz lens antennas can operate without suffering from the problem of feeding occlusion, they can also
realize the functions of beam control. The function of focusing can not only be applied in the imaging system, but also
play the role of collimation in the test devices. The advancement of THz fabrication technology makes the THz lens an-
tenna more precise and effective, which further promotes the development of the THz lens antenna. In this review, the
THz lens antennas reported in the last five years are summarized by synthesizing their features such as functions, fabrica-
tion processes, morphologies, and applications.
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Fig. 1 (a) Lens for quasi-nondiffractive OAM waves, and the
picture is quoted from Ref. [11], (b) nondiffractive Bessel
beam launcher, and the picture is quoted from Ref. [21], (¢)
flat-top beam shaper, and the picture is quoted from Ref. [12],
(d) Luneburg lens, and the picture is quoted from Ref. [22], (e)
LP-CP converter, and the picture is quoted from Ref. [24], (f)
polarization beam splitter, and the picture is quoted from Ref.
[25]
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Table 1 THz lens antennas for beam control in references
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il 7 187 o O D% . 7F 140 GHz AL, x B Ak
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108 3R R A R R 2% 7 B R 2 AT T
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5 58 0 VR R E TR, A 7 B T R B AR R R AT
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EA MRS, RS v BERL i S,
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F2 11 A0 S R R U0 AR 5 B 5 T 2 40 % 8 R R
6T R A 1) BRSO = 21 29 7~ 10 1%

Pl 2 (F) Hh i) P T 3 B 00 11 2R 6 1 0 4 s 3
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T PAIC AL AN, BERE S 0°~315° R A RS,
1 55 A T 375 585 A0 BL L 24 1 1 T 37 4 V52 38 ok
I BT AN, R XSS S 15 dB

F2 GG T R BB B 25 R 28 Kk )
FIERE T LA T 25 48 T 00 bR 2% 5 B R
830 Y A% G0 o T2 R B TR A T B 3K
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K2 (e 5@, KR 5 1 A SCHk[26], (b)#i
B REESL, KR 511 A SCHER[27], (o) B IE 5 0 3 £ 4%
B, (d) BRI T P AR L, KA 51 A STHR(13], (e)
PRI W A P e B 556, 15R 51T A SCRR[29], (F) 3D FTER-F-
T B, 1 51 A SCHR[30]

Fig. 2 (a) Bullet shaped ceramic composite lens, and the pic-
ture is quoted from Ref. [26], (b) hyperhemispherical Si lens,
and the picture is quoted from Ref. [27], (¢) hemicylindrical
PTFE lens"”, (d) hemispherical TPX, and the picture is quoted
from Ref. [13], (e) cylindrical sapphire-fiber lens, and the pic-
ture is quoted from Ref. [29], (f) 3D printed planar lens, and
the picture is quoted from Ref. [30]
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Table 2 High gain THz lens antennas in references
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[16] [ RN 280~330 GHz T Rk
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[27] LRI fit 670 GHz I i S R 57
[28] LERY Tt 100~600 GHz e Ik i
[29] R WA Y - I FRLE
[30] ST B A RAE YIRS E B 3D FTED 140 GHz PRI S R ik

T 2% A% L TF REFT 1) ik 42 o B 3 (a—11 ) 45 1
T M0 %k 300 GHz B, 78 #E B i 55 0. 5.4. 5 Fll
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el R[] e i@ 2 A B S o s A mT LA AR AR ]
AP 1) L A 05 DRI aE B KR T LA &S & e
BRI VE R S Bl R . LR RTE
300 GHz J5R F , AR K 15 mm A4 3% 5 K28 ml LIAE
HAZ29 mm. KJE 8 mm 19 = 4k [ £ 25 18] N = I
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K 3(b) R T 3T AL g ik-4 R
EEAR I BT D K 2% 2 R AR B B B R C
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THEANFEIMBEKR. YHESTT (~
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RETT I, BRIV E 22 TR A A4 x WAk S B 2% 0l 5 ey
25 358 JUT T AR ASE RV IR 1 )y AR A SRS y i)
A AR 24 5T T O R A B A AR S . FEIREEART T,
B, 17558 5 O PR AS | 3 (L B ELAS 52 ) K 24 D%
Ao LLO. 8 THz A S A, SE8e ik B, 75 20 “CH,
FEF T E AT UL E AR K 4.0 mm Y 35950 Kbk 2% G BE
TE 70 “CHF, AT LAY A8 Hb 43 3F DU A4S £5 s, AH 2w
FE S RHE x Ay 7 1) BRI B 2 mm. R, R
RPN IR T RE S A PR R MR 22 B B RE , XX R
K IR AT VR R R 2% a4k A E R

WE 3(c) iR, Katyba 5 ABEHHH T —A4N Al hir
EETRRB B . B G T W] B BRE B 4
oK AE AR B W] R SR W AR AN 3 W A
T AT e SRR Bl 9 KA A S AN B TIX, 0. 2
mm J5E (14 5P AR VR S 385 BH 0] B A Al IS, S BN 5
FERE AR o VR B RS PR 5 2% R 2% iR
ARG T BB R AR I TIZIE R R B
P A ] Pz A AT DA el A o 4 ROSE R A & . 1613
(e—1ii )JB/R TR & P 3 (e—iil ) W2 78 AN [F] 7
MeRE N BB R . RS B

B TAEMZ R 0. 6 THz, FLAREARIGIN T 21% , £ 55
LB MR T 50% . K 1] Fir A BEURE B 40 A A5 3 4
PR AG L TF1 J73  W R b I 0 R 24 AT
L PN B 45 R R 3% T R e R R R

P 3 (d) o 8 T A B A B 5 K 4k, 2 Pl T
TR AR A AT B Y, AR AR %0 300 GHz ',
G a , MU, T SE s A 2 BsR . Z K
WK 375 % T i 1 P EL A A2 2 ot v 0 288 1 A TR 2 R
FHAE B OR J 38 4 1) B A~ BT, BN B A AR —
MBI 5E 3 HL S K (Perfect Electric Conductor,
PEC) A HEA T 1] BRI AL BS , SERE S B s & B
A% o 3B B RO BB R R 3 T G Y R e
BT B OB M 22 M 45501, I R 4 A Ui A Y
A CORIRH IO 1) 300 4 i B A R, 15 2138 B R R 1)
AL FE . B Jo SERRI0E T, %05 B K28 1E i 5
40 mm Ab A TR SR R 1, 2, 3, 47 DU &L
FEUR NS o %8 BN E 5 R 1T
D7 % T 9 S bR N T G AF A AU I 08 15 4
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F3(e) PR T —A TAELEK D40 AN BE Y
KALAE , = BB FL AR L 4 A SRR B i
A TR LT AN B i B LA 8 B A AR
OGO AR RS X ES N
U2 RESE K, T TS AR A BT T d A% BB
FEFO IR 10 pom &b X R 4364 30 THz ) , 68 175
BE e KALAE R 80 mm, BUEFLIZ R 0. 45, FFHE
HAA R PR AR5 ), Be s A ST R E /N2
21041 (A AP ) BB IBAL % B 5 —
PO G A A, A w5, ik i AR H A
A5 2 R CMOS $2 A, 1T LS BRI A A | K
BRI 3, LD AN R B e s R A
(1) K R PR HE T A R R U % o

SCHRLSS TH =B A T kS B AR R BR 22Ot
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(g)

E3  (a-i) =4EE I RERRGES, (a-ii) [F2 5 10 5esE Al
I @ P A3 556 , 7F 300 GHz I =/~ F-1#i (S = 0.5.4.5 R 8.5
mm)_b DA% B RS T A SCRR[10], (b) 2 £ R B, 1A
Fr g | E SCHR[43], (c-1) ATHEARAEIR R, (c-ii) AP FISR
P 21% HHFHR , (c-iil) AHLIRFISMERLH 21% I L3
G351 A SCHR[44], (d)SUZ S0 B BN B 5L L B
SUHASTHR[17], (e-1) BB ALAR B ST, (c-ii) A BN TR
RN B, B 51 E SCHR[45], (ORGSR S, B A 5]
FHE SCHRISS] . (9) 80 A I & 4, 1815 | A SCRR18]
Fig. 3 (a-1i) 3-D near-field focus-scanning lens, (a-ii) power
densities on the three focal planes (S = 0.5, 4.5, and 8.5 mm) at
300 GHz by combining synchronous co-rotation and counter-ro-
tation of the lenses, and the picture is quoted from Ref. [10], (b)
multi-focus lens, and the picture is quoted from Ref. [43], (c-1)
stretchable Fresnel flat zone plate, (c-ii) Fresnel flat zone plate
at stretching degrees of 0 and 21%, (c-iii) E-field of the zone
plate at stretching degrees of 0 and 21%, and the picture is quot-
ed from Ref. [44], (d) two-layered cascaded discrete dielectric
lens, and the picture is quoted from Ref. [17], (e-i) high numeri-
cal aperture metalens, (e-ii) the schematic diagram of process-
ing flow of metalens, and the picture is quoted from Ref. [45],
(f) measurement setup of the time domain spectrometer , and the
picture is quoted from Ref. [55], (g) measurement setup of the
Field-effect transistors, and the picture is quoted from Ref. [18]
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Table 3 THz lens antennas for focus and collimation

%7 30k 4ty Rk} TARMIER ik
[10] B T e TR 300 GHz SRR
[17] B T e TR 300 GHz A4 E
[18] T FH il i a4 U 490~645 GHz W TR
[43] CIEAE R 451 AL 800 GHz AT Y4 22 B A

QIEDR LRG3 2up S

(44] _— f ‘Timff;:; i 0.3~1.2TH; R
[45] fcibridis Tk 30 THz R
[55] Tl FH I T i 45 B HI 0.25~1 THz M

4 REE5RE

EAER , KR 2E B 5 KA T R R, X 15
gt T RGN T A BOREHE , LUK SRR AR 7 B4 i
Mo H AT A 2% 125 55 K 2 AR 3l HOB AR R BERE 73
i T B A e . oAb i I B — B O
PRBUMIR B AT TS B (L ph T g D o o 4
W TR R IR RE R R AR OL T, B S 3k
o VSR R AR Sy B, AT DAL
AR IIRE, NH T HIME R 2 BN 5,
PR 222 F A TG

3D AT BN AR Dy A 25 325 B3 R 4 T T 22
Jrk , FORS JEBOR My | BUASBOR AR, D R BEi T
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PR Z M m T REY IR 2 ik i PERE
LR eI AR 7 G L. T FAFRIERY 3D 4T
PR 2205 B R AR R KL g Fr 4 (HZ TAE
FE1 THz LUT , X 32 208 i H Al i 9T BV B 7547
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BEE 3D FTEN A A B O JEE 4 iy, o R A Bl R
W22 B R MIRIE . T3 o0, AR A
AE UL AE At T A 2% 125 5 R 2k ) B oy H) A 2% 91 B

AN X SR Bl A5 B AR (66) I FF 0T A
LR 35 R R R 24 1B e K Ak = il 2 ook
FO 77 ) A J o T3 i 4R i KRR 2508 B K 2, il
DU EAE 25 R it P8 R 26 b, i B HG 1) M A I g
SR A 35 5 ) T AR 0 o 5 ) 2R A A RE R 45 K
B oR, W AR = 4R RS B A B R
S JU R T AR WG 2 4 Y e BUE AL A B B
REAELLAN DG R A 3 AN . AU
FE I BE T I KM 28 B R 2, n] DUAR I U A 0
IO7 AR A4 20 45T - 00 22 e R Bl R A 4 R £ g

T AARIBER , M3 58 KLk 7 A B4 e e 04 72 i At
AT AR A o R S RE S B 2 I AR AN R 4
BB B R AR AR T R o T R BRI
DI BE A0 AR 2 o TR R A A 2 10 B o 3 AR o 7 i3t
TEMERE B, I B R B R R A A KR AR
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