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B 1. $2H M1 R MEMBRF LM, () =458 (b T
Bl (o @JEt: (@ KHWE. d=13 mm, /, =3.7 mm, w, = 0.85 mm,
L, =58 mm, w, = 0.55 mm, /, = 1 mm, w, = 0.52 mm, R, =R, = 0.2 mm,
R,;=0.4 mm,
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7E CST 1 HHAE 4L T RTPS I S5, &1
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WE4 ) Fiw, MEFEMNR/AME0.048 pF (15V) AR{LE]
B KA 0.190 pF (0 V) B, 12 GHz | RTPS K15 ELAHFE A
173° fiEH, RFRHC,, MC, K4 (o fix, HE
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GHz). ME4 (D FALAE H C,y, F1 C,p 7351 9 0.85 dB FI
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FHe4t: Ft, RTPS H &5 ZAEAL 7 4 8 MAHARAES .
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Port 2 B Varactor diode

A4 microstrip
meander line

Port 1

0
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)
z
“
-20
——¢C,, =0.048 pF
——cC,,,=0.190pF
-30
10 1" 12 13 14

Frequency (GHz)
(c)

4. JJrde I RTPS (¥ J LA 4 24 A0 44 BE

C.. =0.048 pF (15V)
C,, =0.190 pF (O V)

™

0 11 12 13 14
Frequency (GHz)

(b)

8 ——cC,,, =0.048 pF
——c,,, =0.190 pF

|S,,| (dB)

-10
10 1" 12 13 14

Frequency (GHz)
(d)

(@ TWHE: (b *FC, MC, s, © dFc , Mc, S, @ FC, fcC, 1S, w=

0.52 mm, w, =4.5 mm, w, = 0.15 mm, w, = 0.43 mm, w, = 0.95 mm, /, = 5.4 mm, [, = 1.9 mm, z, =97 (), 0, = 44°.

X SRR AR 2R it 2 AT A2 . 3T ME (4% 71
RTPS, %7 % 1% 48 5 8 0 i 16 A & Ak A AR 25 51 T
F1.

3. T4 bR E R %S

Bt BT iSRS o, Wi e Frx, Bk T
— NPT 4 PR AT A RS . BATRE T — N 1116 2h
ForBCAs NFEESI G, B 6 (a) Fras, ThERITECEE N
TP E, Wt T ML T (GCPW) . 51

180
.
d
~ 7
oF 90 p
N Z
4
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— * — Measured
0

1 2 3 4 5 6 7 8
State number

(a)

B 5. 7 12 GHz I 8 FILRAS HI 7 AT PERE -

HEALL, GCPW &2 BAT )L, B35 ARR I 45
FE ARR I BARFEA mHLAR L . N T S PO A
(SMA) g S OB HTIC AT, 72 D550 TE 25 F S A AN
S, 51N GCPW BBy (LI . 25 iE 21 i o 1
VB (R RE B AN R I Bk, T O 28 PR i N 2 A5 FH
IRERRIIR S Hlas, HABGAE T4 Bias. N 7 SEHlRE
G AR R o, 116 DR G Feas R A AR S 1 D 3R 7y
B, ANTITLERE A1) b AN rprCo 21 R S = AR HE T AR IE 70 A o SR I

AT SR FHZE AR, H bR o5 I e~ A 35 5] 55 e 4 oy
Al y-25 dB A4 dB. #2424t 1 12 GHz D& FL & 1 i
0
—._._——-——'="'—-_.’-—'-"'-<
-2 S -
o 4
4 6
-8 —=— Simulated
— * — Measured
-10

1 2 3 4 5 6 7 8
State number

(b)
(@ PFEAIBLS, ;s (b) PIEAMIK]S, |-
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KL 16 FARLIRA BT ST da 4T 1 oo

Radiation element  1-bit ME dipole RTPS Phase Radiation element  1-bit ME dipole RTPS Phase
State 0 “0” state 1 0° State 8 “17 state 1 180.0°
State 1 0" state 2 22.5° State 9 “17 state 2 202.5°
State 2 0" state 3 45.0° State 10 “17 state 3 225.0°
State 3 0" state 4 67.5° State 11 17 state 4 247.5°
State 4 “0” state 5 90.0° State 12 17 state 5 270.0°
State 5 07 state 6 112.5° State 13 “17 state 6 292.5°
State 6 07 state 7 135.0° State 14 17 state 7 315.0°
State 7 07 state 8 157.5° State 15 17 state 8 337.5°

B EANEARE A T AR R, AT
—Fun MR NRPTUEE, X=HEHEIET —
o BW6 (o) BT IhER A ELas 17 BRI & < 5 R
SEILREA, IX NS FOE AR ELULED, H Tl AR
PR, M EAELE 11.1 GHZz A112.0 GHz 24788 n . 11t
Ab, 12 GHz ' 8 AN ity 1122 [ Ff) 477 35 A0 0 2 A 1 22 49 33l A
6°F 170 FH TIN5 F1 A 67 152 22 35 73 A2 FH SMA 42 35 1 )8
RN, R ThR A oA B T REZI iy, AHAT iR
ZE A RERR /I

mEle (@ M (b Fiw, EREFINE 179, FFEC
RS T LLRF MEARAR T, I BRI 5543 T 26 53 0 2% 151
H o TERRAT H I ~FAT ME B 7 19 H A2 386 5 51 (1 38
%o AL RTPS 5947 ME B M P82 0, AT 4 B 7

G RN 0. 16 DM ECT RIS HE S I H T (y—o—2
D HREA, CKFTRR D 116 DIE S ICER IR R EATL, AN
M R TE 1 4 BRSO T 36 pin MIAZ R A, 7E
AR S T 5INPT EL U R, v R
Cln P e 20 € i 20 P P s ) 1) 1-bi tMIE R 7 41 B
ML, 54 (s (o 2k [ B ) - RTPS. 4
TS ERNMM (RE) 55, FNRCHEHN T 64
100 pF sy LA 38 . FI H CST 175 ELAR AR X B ¥t A 1 HL 2 11
JURTSS R AR Fr B A s A B AT TARGFIfCiE, Lk
EANTRFEFIPEREFI IR /N o

N R ERAHS FEHRET A, N 4 R L
MIEACARRL AT BRI B — A 0, B ARE
B 158 n A BT R ARAL AT LR 7S R

M Pin diode
Unit cell 8

M Capacitor

W Varactor diode

e e

)

o DC bias
Input port
DC bias
Unit cell 8 0
1 ——— Simulated
- =~ Measured

IS, (dB)

10 1 12 13 14
Frequency (GHz)

(©

B6. FHLHA 4 LA U — SR LU 14 16 SRR ARG, [ (2 FRE: (o) TRLE; (o) HhHA BRI FMIIRLS, |-



R2 12 GHz I Dy FE A AT B A7 B U i JEE 23 A

Amplitude distributions

Port
Calculated Simulated Measured
1 0.38 0.37 0.41
2 0.43 0.44 0.44
3 0.52 0.55 0.55
4 0.65 0.69 0.66
5 0.78 0.78 0.81
6 0.89 0.91 0.91
7 0.96 0.97 0.99
8 1.00 1.00 1.00
¢,=—k,d-sinf-n, n=1,2,..,16 (5)
0, 0°<gp,<22.5°
1, 22.5°<p,<45°
Code, = Do (6)

14, 315°<9,<337.5°
15, 337.5°<¢,<360°
DRSS A TG FL I ) T SR

¢Mm=§%;~deq,n=L2wq6 (7)

S8 R G 65 5 P R BOR P R 1 R4
T &, BTG NBARE . BhAh, BITEAER A AL
B, XS RR A TERE . PRI, &P
R RS 751 R FORE TR D0 AL 0200 G B 7 51 EAT 40

R3 12 GHz WA B BES 4wt 7 51

7

fho ¥R (6 THHE PRI IERAVIG NG o 4 1k B
FACE bR K34 H T AR AT B A Ak
DT, AR W, AR R T BRI 004 F
45° (GO, T REFNEE S E O FR P, 2 T R
AR, K7 (@ %67 12 GHz T H-F P00
IR I I 58 . WAL T ) ISR 25 4 15.7 dBi,  45°
FEHR IR 2 Bk N 2.6 dB. 7E 2033 M T, el
M~ h-16.4 dB, JEEHLAPICT-29 dB. 7 (b) /"
TR SR oAk T, HAARRRIKT-23 dB.

4. SKIRIOIE

N TR BT P RE SR F bR dE PCB AR (i
TS FSEMIRSFN9.70 A, x 2.00 A, x 0.15 A, FHir,
Ao 7T 12 GHz AL B 2 [ . B A7) S ) R e AR
MEmMES (@) Al (b) FrR. T 7 & Hox il /E 1 5 51
BT VAR EWE S (o fin. ZMESIH 4
ANM2 JE IRET 2B AE IR SR b, 12 SCHRIE i AE M
¥a b M AL, WM ERWE B E, LA
ML ] pin MR “ARE RS . B8 (o) Wi
FioR, BEREEEZ N =fHHERBIE dT6302 %Y,
ITECH), H AN EEER S — MR, 2R R
FIWF B N 2 (DIP) JF 243 i) pin AR FIRES .

Scan Unit Unit Unit Unit Unit Unit Unit Unit

Unit Unit Unit Unit Unit Unit Unit Unit

angle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
0° 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
10° 15 14 12 11 9 8 6 5 4 2 0 15 13 12 10 9
20° 11 6 4 1 14 11 8 5 2 15 12 9 6 3 0 13
30° 0 12 8 4 15 11 7 3 15 10 6 2 14 10 1
45° 6 0 9 3 13 7 1 11 5 15 9 3 13 7 2 12
Note: To be compact, the state “0” is abbreviated as 0, and so on.

@ @

=2 3.

£ £

(0] ®©

o (o]

= ©

[ [0

N N

‘© ‘©

Q Q

o 4

-180 -90 0 90 180 -180 -90 0 90 180

Scan angle (°)

(a)

Scan angle (°)

(b)

Bl 7. 12 GHz It H I3 R B0 BAR S 77 1o () D5 EIER AR T 18] (b) A LA AR AL RN T [l
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ol 4% O TG EHE ] — AN PCB, 1% PCB A4 FH A8 BH #8475 thi] 4%
BB PR Bk, BEFI R EEANMRS R TE TRES
ATPLRR . i 8 (o G EITR, TAEMR A
9.8~15 GHz FWIW\ FHAE SIS R 28

K8 () Whox [ 07 H A & 45 R A4E 10~14 GHz 1) 0°
A TSRS, o LRSI I 3 B 4 RS I8 T - 10
dB, 7F11.1 GHz /& A7 WS RCEAL 98 12006 3R 1) 477 B A =
Mt g5 B REES (o 1, HE R LA B e
Fe—E . AT LA 0 BRI R 3 dB U R B 4 i
7.5°F06.7° WIE B SCILIE a5 08 13.4 dBi,  HLA FLHY 2R (K
2.3 dB. M O°E 450 I & 4w 7 1 FE W B9 B, 25 L5

(b)

0
— Simulated
— — — Measured
-10
o \
K X
©» 20
-30
10 11 12 13 14

Frequency (GHz)
(d)

IE T BRI RAF i ERe . S PR T-14.3 dB, 1%ME
AR T B 7 (@ HREgR, XFELERAERA:
RTPS I3 N FEAE AL DA B 1:16 Th 3R 43 Fie 2% (1 M A7 15 22
SeAh,  WAS RS O A RS I S 4 ) AR T - 23 dB
-25dB. 10 i 1RO R BT A I HA SO R 1 A
ARG, AT LAR E DU B 0 3 dB 3 25717 %5 Y ) 10~13 GHz
(25%) . W64k, 12 GHz 1477 B R0 R & 202 53 ) N
41.7%F124.5%.

L% F H A, I Y 3 2R RN AR B TE 11.1 GHz &2
FRBE, XEERLEISURLGR . Wi, SR
LB V< 13 e P = ¢ (=N 1) S R NP B R = e el R A

DC configuration =
g

Receiving

anten 8

Wl 4-bit array —> i

8 L WU
S T :

< Dupont"-
wires

20

—— Simulated
— — — Measured

Realized gain (dBi)

—-180 -90 0 90 180
Scan angle (°)

(e)

E8. () HMEMEFIREM M (b) TR (o fERGHIE M SEsezst; (@ ERORIIO RIS, |5 () FWR A 3¢ USRI & AR (e 4m s

Jrla B

Realized gain (dBi)

—-180 -90 0 90 180
Scan angle (°)

(a)

Realized gain (dBi)

-180 -90 0 90 180
Scan angle (°)

(b)

B 9. 12 GHz N H IR A SRR 7 . @) SRS HRALER S 7 1 s (o) s SR A 5 77 e 14



20

—=— Simulated
— * — Measured
g
=2
£
(]
()]
el
Q
N
©
O
14
5
10.0 10.5 11.0 11.5 12.0 125 13.0 135
Frequency (GHz)
(a)
E10. C(a) FEIRGESTT A IE HH O A AT R 2

K, XEHES (o) HHEER . RK43EM T 12 GHz IE
SR K3 23 456 0 s T DABA 58 22 5% 42 el LA R ALK 5
. H5E, RN PAEAE SMA JER SRR, IXAED)
HAHRANAE, BFEMELAN0.5 dBs FHIR, 1E45 H A SLbx
pin IR 78 A R T B RLC FELBS R AR, S 800 L ARAE
5 147 ME {8 4% 7 M RTPS N R A2 B AFAEZZ 7
U DR o3 Bl #s R 47 FOAT IR 45 2R 2 [A) 474 0.8 dB [ 22
5, RRMLZRZEIER; &5, N ERER L)
W5 REFEI 2 (B A & S B dRe 2R . Pk, Jiid
KPS RE B ) pin ANAZ A MR A, R AR AR T2
TR, FFRAEARR IR E, P BBCE R W E.
bb, T BRI RCR, W LA S Y pin AIAZ A
B N A IR LT AS A R I AT B TR AR, (H
TR R 1) R 9

R4 12 GHz IV 1A I S5 HFE 2> BT

0.6
—=— Simulated
0.5 — < — Measured
s, 04
[$)
=
% 0.3
g 0
w

0.2

0.1

10.0 10.5 11.0 11.5 12.0 125 13.0 13.5
Frequency (GHz)

(b)
(b) R A IE SR BRI AR 2

BI11 () LT 45°HH#EH A 12 GHz T (147 5
DG o N o B A T AR RE 0BG KRN, HT
45° Y6 PR A G 25 1128 N 2.7 dB. R LR 22 I FA R £ ot B
FIAEREE, FOATSHmfEStEae, wiba. S5
MR mIaE . TR KRGS, B TE6AT
INBEBIRI DI A BCAS s RS, RN D 8 g . ot
W] R A S5 RAHIERI 11 (b) . SR EY], 7R
BIBH N, REZ MBI GRS, 7E12 GHz N izfEIK T
-30 dB. HIRTHrIA, ThE5rEL A H GCPW R, AN A i
Lz A i B PR, R, ARSI AR N, £S5
45 712 GHz FEEAI B ARG S . WERP LA W,
WARIE R ZEAE0.8° VAN . Bz, TR T 1 4 f7 7] 5
FIREFEF A R rERe, BB arnaRee. iy

i ARSI 58 5E -

Factors caused gain loss

Results o ) ) . . Loss of power Loss of SMA Loss of 1-bit
Ideal directivity (dBi) Realized gain (dBi) Loss of RTPS (dB) o )
divider (dB) connector (dB) ME dipole (dB)
Simulated 19.5 15.7 0.85 1.75 — 1.20
Measured 19.5 13.4 1.00 2.55 0.5 2.05"

It contains the loss of 1-bit ME dipole and the loss due to the manufacturing and experimental errors.
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&5 12 GHz I HIEFEFIA AL K5 B
Realized gain (dBi) Sidelobe level (dB) 3 dB beamwidth (°) Angle error (°)
Scan angle
Simulated Measured Simulated Measured Simulated Measured Measured
0° 15.7 13.4 -25.2 -17.8 7.5 6.7 0.8
10° 14.9 12.3 -19.1 -15.8 7.8 6.7 0.4
20° 14.6 11.8 -16.4 -16.1 8.1 6.7 0.5
30° 14.2 11.0 -18.3 -15.1 8.5 8.5 0
45° 13.1 10.7 -17.3 -14.3 10.8 10.5 0.5
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