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Synthesis method research of manifold multiplexer

Qin Chu Yin Xinshe
(China Academy of Space Technology (Xi'an), Xi'an 710100, China)

Abstract: In the satellite payload system, the multiplexer is mainly used to separate and combine the radio-frequency sig-
nals, which has a substantial impact on the performance of the whole system. With the good performance, compact de-
sign and easy implementation in the engineering, manifold multiplexer is commonly applied. In the traditional design
method, software optimization technique is used, ideal response of the multiplexer is obtained by optimizing waveguide
stub, the direct synthesis method is uncommon. A kind of direct synthesis method of filter with complex load is intro-
duced, and applied in the design of manifold multiplexer. Through the power wave normalization theory, the objective
polynomial of the filter network with complex load is calculated, then the coupling matrix of each channel filter is ob-
tained, and the response of the multiplexer is obtained. The synthesis steps are listed by an example of triplexer. Final-
ly, the response curves are obtained by simulation, which verified the feasibility of the method.

Keywords: complex load; microwave filter; manifold; multiplexer synthesis

B AR I AN T T B O 2 i O HLAE AR S
L RIPEE R 2 T A sl LLSE L. G 0 0 B 2
LA B LR D7 i WF R AT B i LR S BR AN (.

XF T BT 22 AR B BOH AR B AR

1 5

22 A0S P 208 O A e AN [ 4 5 A B AR A A
ARAEBHMEZ TH BB E 2 T E mga 2

il

THMEBWHEG 2 TH . L, ZHWEE 2 THUE
BT B2, BB ST A A 1) 265 X 97T A 450RE | W (L A0 R sF 4 g
NLPERERI LA TERGE PR I 2 LAk, ML
HIm A ZRTG 2 L N BB 2 T4
Mg S 2 L, EXWMBESNLEEF @I,
MACCHIARELLA G £ A" R H T —Fh 3 T 47 AE 2 10 58
M54 e ) B R 45 M 2 T4, oy
IR T 2 2% AR UE IR 0 FOAH RS, 25 A 4 R U E

I fm EHE:2016-04

— 76 — EAETIMEEA

PREFUS AR S 2 BN A Bl S AT LRI, A
T A BB 1 22 AR IR B . AR SO T AR R
B U AR LR A O R OF BT Ty W AT A B 2 AR g
B AT O3 I T A R R R [ E A W B R LT
A3 S LT KU Z5 25 A A5 1 O 30 A 15 BB T
W 2 TN . AR SO i T = TAv 288 S Bl g ik 7
TR B R

Hh [ Rk AZ 0 3 T



2 SERSEN

A1 BT 22 T g A T TE U U A T 43 BT A
BE 1@ iR, RS ZMARNER B 1o
Sk — T BT () 25 4 El A B e IR T G 3K R T B O
AT N+HIADmD A 1 AR Ad, wmH 2 ~ N+1
RS i R AR N ALK E R 0.k = 1,2,
...,NUJD

(a) S BEl T 2 L2845
Zu
— o
Vg Zw Z
Z) _7 0 >z

(b) FEAMEEMNBH I UR &

2 :;l N+11 '—l

() I S 454
Bl 1 B S R & 454

10—

AL I A BT S AR A 5 WA 1(b) s . 1%
2k AT B — s A A BT R
Z,+iZ,tan(0)
Z, +iZ,tan(9)’
K Zo AR ERRST NI R P AT R S
TLAH 2 Lb - JERE A% S 26 45 M B 5T 5 0 3R G 56 A | 1 i £k
AR By [ o0 A B8 O Al B 6 F I3 — 1k R 2%, ek
BTN 157 Z, AL i R S R B . B o HE A 48, R Dk
L% AR R AL AR L S B, (AL R b R a1
K.

A3k T 1AL i R K B 4 2 T AR 0 A R A U
Km—2F. W,

Z, =2, 5/:[?[ (@D

_ Av U,

I= 5 =5 (2
Kre o, g fo 2 TR A ROR -
p="= z%f (3)
Et,/flléﬁﬁé)%;‘ﬁﬁﬁ:
o =pr="rt e =k (1)

Hh Rk AZ 0 3 T

WRSHAR

3 HFEHONHMRERES

22 LA oy B 5 At 2L B0 LT ) R A R A 2R
TEARGE U8 I #n LR -8 07 ik T — S U i 0 465 1 9 >
2% S [ I 1 45 DC TE 19 52 RO . SR TR VR 22 0 TP OB
T 100 245 3 LA — i 12 4 SRS 2 BT » 0 — i 328 4 A2 KT
BHE B A 2C) fros . FERCRTE DL T - iy T3
i R BB S BT L AL G ) XTI R L85 07 ik
ANRERE o PH 0 T O A S 0 A 09 AR AR 2 s
E.F.P,

portl port2

13
5 [SI(EF.P) 7L
AC®

(2) — i LR BT UR I 2 P 45

portl port2

13
3 [S'1(EVF'P) !
AC &

(b) HEBEHRAL SRR 45125

——
1
[S"]E".F"P") ,
AC 6,
——

(o) SR A5 L
Bl 2 3 43 AN ] 2 i Y 08 I8 At 1 2%

PRAF B U A% P 45 AN 78, 52 BE Bt 7 Oy DG IE 5 4K
U 2Ch) FiT 7 . 45 3 0 MR S S5 IR 80 1 B YRR AE 2
Wick FLE WP B &R E — G WO R Bk
D, TCHE 2R — B A R v . AR T S —
AEFE L 3 o T I 4 WO R BE LS ], T 2  F (o),
E'(s) P’ (s) T B0 & AR 4 4F

P'(s) =2 /Re(Z () P(s)/e 5

F'() =AU+ Z (HF(s) — (1 —Z,(s)"HE(s)  (6)

E()=QQ+Z () HE() — (1 —Z.(NHF) (D
K Z, (o) oREHPL AR, « RxL$i. E.F.P K H
WA . K (5 FRh L4, 2 6) FR o L I 4% 14
KD R R %1

FE SR — A UE WA W 45 Z (R IA — BE AL Fr 26, mT )
T BLI A R A B U A 2 b R ST R L 1R 4k
HA R 0, P S T 38 2R R B 2o TR . fESR
AP ER—AEER 0, BE kM SR
LA AR B &R, b, 15 B — i 7 e BT R
AR Z 0 R B 2 0 RISy E
PURY IR AR LR A T

EAA R IR — 77 —



WRSHXAR

WA LRI -

1) B 2600 0 30 3 00 e 8 B 0 [0 gl R A% 40 0 R
J7 YIS R B WA 2 LR A T A9 B — AU RHAE 2 I
X E FooPoseg s DUHCAE AR o HoRe M 1 R BT 2R ™ 5

2RV UR I 4 P L5 AL E 05 PR 1D RS 1Y IR K
TR S AR G BT UG B2 B B = H 1
FHE L P/ () = Py(s) , F(s) = F () ;

DRI G AR AR T RN RIS S
B PC) o SRAE BN = T U8 I AR BB — M1 B AN
F 50 A, WRIEEE SR, PG ATRES P/ () A AR B
T ARG AT B Z S E ST AR B4R
S BR A BH. A0 % B 4% 1 5 e A /N e TR L iR 2
Y

OB PG, Flo W H— LR e JF HARERE
HFHARSE EG LW H— LR B S Bl e =e.

SEH E)F(s),PCs) o MRHE6), A AE 38 1 5 /)
TREMARE F (o LB KYS FGo Bl . 7%
VIR 2 MU F/Co) 9 300 3R 80K S — o HL 0 i 000 &R 4K
W NER A FERA = | ],

T P (). F'(9),e, T HEARXAE LR
E' () M s, CE'Co) 55 i AN 50 R i 300 3R 550 e 19
™0 T P W BUNT F (G s % WA
/v | = | fx| » ¢ BARNE 0, Al i etk 15 3 € XAtk

error = JﬁE |E G — fGan |? (6)

EOLH 0, Al ff 3R 2= M E /DN, B G FIRSF
FHAR (D EFEXGDIESE « DRI 1 R

Hop F'(9)L,E' (), P () RIEH —m. it Hog XA
G ARG IR IE N R M B0 0. £ 0, .

DEA—HHFH 2K F'(9).E'(9),P'(s) , 5
F'(),E'(),P'(s) BIRFRWT .

F()= S s = 0D G s =

i=0 i=0

| £ 1" F"($) €))

E'()a | f|e" ﬁ(.s—m = | £V *E"(s) (10

P'(s) = & P"(s) (1D
Lobe R F G M5 RS @ — s B R
B He AR F(9)LE' () P/ W H RN S A

D RERSFIHE 5

2) E'(s) (R 4 A A6 5 180 () 72 2 F- 1 5

3) P'(s) (AR 36 F k2 b T 75 5

HZWA F'(5),E'(5),P'(s) B —M.

] b3 46 2 HOR] 58 B R — A A I R TR A R 45
M P M 2 B0 06 & . DR TC 52 BHL 90 19 ) 4% /S S 80nT &
IV R

— 78 — EAMETIMEEA

c016F B8 H
%358 FB8H

_F() _ I fNF L, Fl(

Se = Fiy ~ e Fn  © Fo a2
o P'(5) _ e’ P"(s) — P"(s)
POEE () ] e F(s dE"(s)

(13

X0, =00,—0,)/2,0,= 0, +0)/2. =¢ | fv| .
3 b AT R R T P DG BE A BE T R 4 B — A
MEZHE (), E' (), P'(s) & Xy BIAR (8 4 8 4R 0k ik
MBI B gk . % 2 AE 3k RN DB U A Y
Y22 8 R 22 R AU /D BV R RE s E M. Mo 5
WFETC K, A] B — BOE BRI A O BB R A AR A K
TN

AT R T e B BB A R A a5 A T IR IR 4
J7 AT BRI A8 M 4% 1 R R 2 S, i UG 2R A R A
MG HE . DA ARG, v N Far s il 5 2 14

e

4 NEESEZTHEE

SRR A S AR 2 38 1Y 5 AL R B B 2 S B
WA B A B R

QZ%({LfL[) (14)

L fo = VS ims * forsoB= forx — fras A35H—14L
JEM L L oL —1,1], a4 175 46 A8
U AR FERE W BN N 2 TR X RN, R A

Y=aX+0b (15)

2 A DR A8 T o B R A A — R, i A
3Ca) T AR IR 38 18 — H1 24 A G 0 A e i B
vty 115 4R DT D , 52 BHLHT RS DA I8 — 4 8 0 3% 5 0 B i
TEHE I S 1 ) U A S A B BT G BH S A Rl A %R
AR

T2 TG fEARE B AT 1, B b 0 250 X% B
AL 2 HEAT A B AR 8 5 th 22 T35 90R AR 4 28 A5

f 0B 0B\’
=T <2fu> +1 (16)
IR A% i 2R AR AR R o
_ (B OB\
@(m—n<7ﬁ+ (2f“) +1> (17

Py b AT R A R e A 1 1 R A A 22 5 R A 07 A
s B 1T 32 a5 AL 1R BT G 22 5028

TEHERT 20 L 1 T U8 B4 Y 25 A R AR T 5 31
P IEE A AR . #5081 2 ) DU R AR L A S R Ak
FABHBUH R TT 5 A= LA 0 BB A5 [ 3 Bs .

NP 3 Ca) 7R » 22 T A 2% g A i i 11 O B » i 7 i
SO Fe g 10 A AL i 2 W) K B 1 Sl 22 T A O R AL
AR /DA /2 o ZTA Mg, WKt Z, = 1.
O S 4 DU IS 00 28 AT A5 A8 i 2 s AR

1

Zl(ﬂ):m (]8)

Hh [ Rk AZ 0 3 T



Y, ¥,
} ‘ in3
Filter3 Filte
[—]
1

WRSHXAR
7, 7. 7, 7, 7, 7,
| || || e
704 4| b 203 4| b zo2 d Lz S~
] —0
ZII]Z YI l Zml
12 Filterl

(a) SF BT % A4

0,

o

o— 1

Filter

I

(b) & LA HIH /R

CEREAR V1
2oy - Lt Ran@@) o A B R W B L SV B 5 SR 2
1+ jtan(@(D) HET — /N AT R K B 0, FR . LI E R 4% 45 4
L) s S s i 2 5 AL 0 3 8 e IBG (TS 20, 4% 308 3 B A BL B
Z,(Q) = %Z D = 1/(1/7, vy IR TR 1 AR A A A S
7 , (BT . FELAM R 7 2R 25 44 2 58 AR % R 2 4 B 4%
7, + jtan(@(Q)) e
_ 4o )tantdi()) — 25 N A SN
Z, (D T tan(@(Q)) Zo() =1/+Y) zia?%lﬂffi:lnﬁ(iggr)iﬁ)hﬁ.
o L ] an _ :
. 21 Z() = —1+jtan(q§(9)) () 1/(1/Z; +Y,)
7.(Q) = %zmm 1/1/Z, +Y) 27
) P R ST R L T R AT AR TR
Zi@ =1 23) r=i2 (28)
I—Et':':' Y1 \Yz \Ya ﬂ?&[ﬁ(ﬁ‘i%‘%%‘ﬁ/\%éﬁ]o %ﬁﬁﬁ'lﬁﬁﬁ?ﬁ SN — 201ng(f‘) (29)
MEHRBALRIR. LRI 24 58 T LB 5 22 28 1 e 50 1/
e (20) U SBUNT 20 dB. SR R G SRR A
11 11 1) A B AT, — R F —1 dBL AR 0 dBTY,
=+ (25)
Lo B L 5 ESSH
=141 (26)
Zn 7. Z DIAM B S = T8 M B 25 Akl 3 5 B A Rk

3 450 3 A2 BTG AR LY R IR A R T ik
THEHT I RAAE 2 005 7T S R S AR R B

[l AFE N —22 dB PR AR A R = LAY RS R B
m#E 1 mn.

k1 ZIHRBHERA—ULSH
TE R A [2.478,2.568] [2.620,2.718] [2.799,2.895]
X o 2 R 2.622 2.574 2.910
IR IRk [—1,—0.540 9] [—0.2832,0.188 6] [0.566,1]
H— % 5 —0.273 4i —0.510 9i 1. 066 6i
B L 3 Ca) AT, £ vt F1BELBE D T » 38 38 — ] 43 B i RO RZE A Ik B 2 TR m R i E 5 () iR, Fl

S 3 11 BELHT O S BT » BilA A A8 e G AR A 18T 4 ()
PR . A H AL BT T H R AE 2 3L 08 22 e
il 2 A B 4 Ch) Br s s 2 o8 BCH A TR AR BRI O 2

P — 4 18 28 3% m] 3R A dee /ML B /N IR 2 B TR 2

A AL ST 25 A BB 09 R AE 22 05X 25 5 08 Dl A A8
IR
SR IE — M R R NSRS S SR 2D E D

Hh Rk AZ 0 3 T

FHFBRA A T R D AR A SIS Sl 0, 1%
i 2 IS W PR AR A AR I &5 6 5 T 1Y) % 38 T8 IR B L 75
FIW LR WE S iR, = T8 g BiFe /N T —20 dB,
WA NIERZSERK T —1 dB. iﬁi&i&ﬁ%ﬁ?

& Fﬁﬁl_lﬁ}:»jcﬁi B, HHAWIE 0, 1
B HEATF — 48340, — 2 3~4 RE AR AT 453 2 8
Y A 2

EAA R IR — 79 —



2016% B B

LA A i
nOHA $£35% F8H e
25, 30107
—real(Z))
20 ----imag(Z)) 25}k
20}
c o
8 g 15f
E )
10k
05} / N 05F
g0l 0
220 -15-10 05 0 05 10 15 20 8 6 4 2 0 2 4 6 8
B /(rad-s™) b,
(a) E P BLhZE (b) iRE L
B4 iy E o R ) AR
" —sl11
—--$21
$31
' 41
g ' g
= ) =
# {\/\/\r\ #
—100} (\
_120 L \ \ L L s y ~100 1 L L L L L
20-15-10-05 0 05 10 1.5 20 20 -15-10 05 0 05 10 15 20
i Z (rad/s) BiZR/(rad-s™")
(a) 55 LB 7 A 7 h 2% (b) 338 % AR N 2
K5 ZIAzasNdg
2 3 WENRG BB EIEIE R A S S IE ML RN o
0 0.422 8 0 0 0 0 0 ]
0.4228 0.8137 0.1854 0 0 0 0
0 0.1854 0.7834 0.1404 0.047 6 0 0
M, = 0 0 0.1404 0.691 3 0.1418 0 0 ,0,=0.033 5
0 0 0.047 6 0.1418 0.777 3 0.2080 0
0 0 0 0 0.2080 0.7749 0.5067
L 0 0 0 0 0 0.506 7 0 B
0 0.439 8 0 0 0 0 0 ]
0.4398 0.0265 0.1799 0 0 0 0
0 0.1799 0.0380 0.140 7 0.054 0 0 0
M, = 0 0 0.140 7 0.138 2 —0.142 9 0 0 ,0,——0.008 1
0 0 0.054 0 —0.142 90 0.040 2 0.212 0 0
0 0 0 0 0.212 0 0.042 6 0.510 2
L 0 0 0 0 0 0.510 2 0
0 0.421 2 0 0 0 0 ]
0.421 2 —0.7439 0.163 3 0 0 0 0
0 0.163 3 —0.766 3 0.109 9 0.081 7 0 0
M, = 0 0 0.109 9 —0.917 6 0.110 8 0 0 ,0,—0.032 6
0 0 0.081 7 0.110 8 —0.769 8 0.187 1 0
0 0 0 0 0.187 1 —0.772 3 0.472 4
L O 0 0 0 0 0.472 4 0 i
80 — HAHTFIWEEAR GRNESY s 3 N Rl




ARSCAET P B BB R A B ARG S r
P IRN N T B S 2 Laniitp, BT YR
—ACHRIR 15 3 Sz e 8 0 2% s 4 S BEL T I B Bk 2 3K
BT 5 1 1% P 45 T E — A~ SHUARL A9 i U5 4% T 4% f— B A%
T 2 2L RS IV S AR ST (L S A e — 4R R AR AR R
H 32 11 i O 1 308 3 VG IC 2% 11 » 7 300 208 D8 4 10 A 0 ) 7
A N T A B 22 T g it WA 0 i S
53 4% 8 T A BT DA B P B IR IR GRS
T ARAS T TE Y08 IR A B4R L L e A B A B 22 A
Ni . Macchiarella $ H (1% J7 35 41 % 2 T A8 8 kL5 5, 21T
SENE PS5 R R LT B2 B BR ) AR SO IR IR IR ER
WIE D TR R R E AT R A IR HON T T e
B2 Lanit, Tl BTl 0 7 TE&., sep Ll
SLARRA L BRSSO R S S
WA SECRAE T A SO B AR

2 £ X #

[1] MACCHIARELLA G, TAMIAZZO S. Synthesis of
diplexers based on the evaluation of suitable charac-
teristic polynomials[ C]. In IEEE MTT-S Internation-
al Microwave Symposium Digest, 2006:111-114.

[2] MACCHIARELLA G, TAMIAZZO S. Synthesis of
star-junction multiplexers [ J]. ITEEE Transactions on
Microwave Theory and Techniques, 2010, 58 (12):
3732-3741.

[3] CAMERON R J, MANSOUR R, KUDSIA C M. Mi-
crowave filers for communication systems: fundamen-
tals, design and applications] M. John Wiley&.Sons,
Inc, 2007, 418-428.

(4] MACCHIARELLA G. TAMIAZZO S. Polynomial
design of manifold multiplexers[C]. In Microwave
Symposium Digest (MTT), 2011 1-4.

(5] ZEEut, W%, AR, fMaEIMI dbat: &%
A AL 2006.

Hh Rk AZ 0 3 T

WRSHAR

(6] BI7RIE, BB IE M 45, OB PR JEa (M. dE .
B . 2009,

[7] WUKL, MENG W. A direct synthesis approach for mi-
crowave filters with a complex load and its application to
direct diplexer design [J]. IEEE Transactions on Micro-
wave Theory and Techniques , 2007, 55(5): 1010-1017.

[8] MENG H, WU K L. Direct optimal synthesis of micro-
wave bandpass filters with a general loading effect[] ].
IEEE Transactions on Microwave Theory and Tech-
niques , 2013, 61(7) . 2566-2573.

(9] E—JL. 7 XU T R AR [D]. Bks . i+ 5
K27, 2007.

[10] ZHAO P, WU K L. An Iterative and analytical ap-
proach to optimal Synthesis of a multiplexer With a
Star-Junction [ J]. TEEE Transactions on Microwave
Theory and Techniques, 2014, 62(12):3362-3369.

C11] MEr . XA B0 4 B 3. — o BB 20
Bt L] BF M EOR, 2011, 34(7) . 24-33,

[12] MENG M, WU K L..

Chebyshev bandpass filters with a frequency variant

Direct synthesis of general

complex load [C]J. Proceeding of 2010 International
Microwave Symposium, 2010;:433-436.

L13] E M. BEoR AR, 38 UM & I WUl 3 & 19 it 5 5%
B BT AR, 2009, 32(7): 53-57.

[14] sgglde, P22 K, & WEICE ML S SHY %
BB T ] A P0G g A i, 2011, 25(2):
191-196.

[15] BEaFl. T MWO 19 Wilkinson Ty 2 43 Bt £ 19 T 5%
it [J] EAb# F 0 & 5 R, 2012, 31(8):
58-60.

£ & &

ZEHE 1990 AR AR 2o, BRVE VY 22 N B BF 5 A AR

B, FEUR TN MR
E-mail:1214175286qc(@sina. com

EAME T EHEA — 81 —





