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Highly Integrated Three-Dimensional Structure Ultra-Wideband
LTCC Power Divider
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(College of Electronic and Optical Engineering & College of Flexible Electronics (Future Technology), Nanjing University of
Posts and Telecommunications, Nanjing, Jiangsu 210023, China)

Abstract: Based on the low temperature co-fired ceramic (LTCC) three-dimensional packaging technology, this pa-
per folds and vertically stacks multiple quarter-wavelength impedance transformation lines to achieve high integration in a
multi-section broadband power divider. This design places 7 impedance transformation lines on the odd layers of the LTCC
medium, and vertical vias are used to connect adjacent impedance transformation lines. Even layers are used to isolate the
coupling effect between impedance transformation lines. The power divider not only achieves a relative bandwidth of
180%, but also has a size of only 4 mm X 4 mm X 1.33 mm. Comparing with the planar power divider with the same number
of transmission sections, the horizontal size of this design is reduced by 84.6%. In the frequency range of 2~38 GHz, the
measured values of §,,, S,,, S,,, S;,and S,,are better than —15, —4.1, —16, —4.0 and —17 dB, respectively. Since the power di-
vider has the advantages of ultra-wideband characteristics, miniaturization and high integration, it can be widely used in mo-
bile communications, radar detection, satellite navigation, industrial measurement and other fields.

Key words: three-dimensional integration; multi-section Wilkinson power divider; miniaturization; ultra-wideband;
low temperature co-fired ceramic

Foundation ltem(s): National Natural Science Foundation of China (No.61501261); Research Fund of Jiangsu Pro-
vincial National and Local Joint Engineering Laboratory of Radio Frequency Integration and Microassembly Technology
(No.KFJJ20200101); Jiangsu Provincial Frontier Technology Research and Development Program (No.BF2024080)

WA H 11 :2025-01-30; &[] H 11 :2025-05-21; 5Tk - KM
MR « 735 3¢



1918 H, ¥

EE 2025 4F

1 5§

1oy e R S0 55 B0 22 5 Hh ) AR TT IR A1
AESC IS 5 WORT B 43 L 5 S 8%0A . e, Wilkinson
Ty 434 DR 485 0 7 B B 29 B8 v | DT O PR B 4T &5 32 T
Ik , LA K 2 4 270 5t b T 46 T 23R i R i AR TG 2k Ry 48k XY
A% 2 AU ) I A Y. A5 58 BT Wilkinson 43 #%
{LRESE IR 10%~15% B AHXT S 5, H T AR A g A
HAF BRI (. 31, 5y, Ty ) B AL, To3E TAEAEH:
TEBORIEDT (21, 41, 6f;, 8f -~ ) ITRAL | PRI KK BRI T
R . T, F B R AR S A A
PR JEE S RIVHE A 4 4 A S g P O 4 2 T 43 2% ) T AR A
B, (ARG 0T VG G AR B Y A2 4 TG TR PR R o
Z ) B B 3 . 2271 5 R 3 1ok 1 i Y 4y 22— i K BB
P 2 118 1 SR R PR EE 1S Iy 9, (R 21 S5 A AL
RN T L B RT3 K T A AR R, I BB TR
(R /NIAL SR 7 AR | R A M S B TR
RN 2 R A AR/ N T (R B AR
IO E SRR L AT R S AR A

ARICHGE T —Fh e T2 )2 = 4eHE S 550 1 HE 5E 7
Y1538 %I 2 A 771 1 B DY 4 2 — P K B BT
AR ALY . R YT PEPT AR 4 4R T ECE AR AN [
% 1 3 B B & (Low Temperature Co-fired Ceramic,
LTCC) A )2 b SE sty o i /N RUAL AL BE AR A . 55
G TH L T 1 R AR Y AR A L AR BT A R
SR/ T 84.6% (FKAF-J5 ) A 15 BHATAS AL 515 ).
TE 2~38 GHz SR B N, 2 S, .S, .S,y Sy, F1 S, 1
ST -15 —4.1.-16 4.0 F1-17 dB. RABHHEA
FE L RE R R/ N, | B AR R LA 1E SG RS BhiE A
AT ALEAE U 28 T 12 N A 5
2 BT
2.1 EBEEHRINEMILIT

Ky 2~38 GHz i By BV T, FATToR A 22
22795 VU 43 22— BHL 0 AR 4 2% 2 Mok 45 #9045
Bl 1 (a) R 5 I 2 D)4y 2 s B ] 2
A IR 25 Mg ] A RS IR 2~38 GHz By T AR, {H Hid,
B RS 3 R, AN T/ INRUAR R v AR . R () 4R
B 7R T M B T A0 AR R A RRE IO 4y 2 — D K A
WHATHEE A R, AR T D)4 28 K R, SE 8
AN A ) v R B R SRR i T A A Y BT
A LR 15 SR FH RO ARR S 20 GHz MR (1 DU 43 2 — I K
FTiY 4 T DR KA R, 571 LT A R 8 114 A ity SR FH R
[7i) P O Py 96 A5 e SEL 85 o s 8 s 11 PO PR B 88 . 21
WG 28 M i b (e FH = 22 4 DG AR e R i £ de KT
W@ . AR A BB ATz d a4 i
B FEARER RS AR T R 4 2 — K BT

VRS I (SR /% - UV NI 3 £ I W PN TR TR S /NS )
mr .

T'(0)=A1+¢e%") (1)
T
== (2)
A= (3)
Z/

b, IO S5 280, NI GRIR ) DY 53 2 — B B AR
BT

o Z
(Inz”+2 YCNinZh

Z, ., =e Z°),n=0,l,-~- (4)

N!
(N=n) n!

3 (4) A g IR I, I AT /N S
RIS R B S 2R 8, T LAHE S IR A A U4y 2 —
KB e BT, 2 (5) b iR R H E X &ad Bk
oy A8 4 B OF i B B % 7 B 4K #F Cadence AWR
(https://www.cadence.com) 7] LA45 R 7 5 U 40 2 —
WA BB A8 40 28 1T LA 52 B 2~38 GHz Y451 % B
Pl 471 BELJE 28 ol £ 49 P L 70 %) 03 3T R 1 0 ) A
66.42.36.34.36 .39 £150 Q.

2.2 EEHFREIT

Sk 7Ty 2 — K BB AR R 2 A T A S,
R L2 LTCC =i B4 H AR X T o3 28364 736 A1 SRy
BT, B D) o4 = AE 25 IR 2 BT . D4 iisi 1,
2.3.4.5.6 17 1543 5 HCE A LTCC A TR 1) A BUZ (56
1.3.5.7.9. 1113 )2) b, AHSE Y = [8) 5% JH 2 38 fL i
i BN RZ (55 2.4.6 .8, 10 12 J2) WA Ay
1, TR e bR A B g = 18] (9 S8 Al 5 R0 . 7
B T2 TR T L 254, iR R A 4R A
2 B LB . 3 Ah, 7 A T B B A
HLBHL (R, \R, R, R, R, R, .R,) L3 B EAEAN A 8=
(551.3.5.7.9. 11 13 )2 ) - 4517 BHATAS 4. 2 1) A s .
IS LT 5 132 05 7 49 BH 0 A8 46 2 38 o) 3 o fL
ST TR B3 1 2 R O 3 AHE . DGR A pe i E
SNTRZ A8 111 ZEA i a7 745 PY 4 2 — Pl K BT AR
ek 5 BIA S 13 )2, B i i 76 B i L A4 i 21 A T
SR 2 R 3%

e A s B R AE 132 LTCC A i,
BN EE R R 0.1 mm, %0 4R R E N
0.01 mm. B 1135 FPERERR E 1 Ferro-A6 LTCC #1 K}, A
FE B HORT 5 RE VD 26 43 501 R 5.9 1 0.002, H H:7E 0.1~
40 GHz 4555l N AR AR AR /N , T ERIIE T #8419 56 7t
PERE . &0t Ansys HFSS(https://www.ansys.com)i—FﬁfﬁFi?i
K REAL)E  FRERET 2 LR ST W AR B R R,
SR 1R . 1 LR - B G 25 24
R34 0.08 mm F10.22 mm.

CV= n=0,1,- (5)



o R B — A v AU B TEH LTCC T 7r A

1919

Z /4 Zy, M4 Zy /4

Zy A4

Zs M4 Zs 214 Z; M4

Wity 113
(a) 165625 R4 B4
pilak Ui 1 2
H1R sy R N
= a2 2 Z B 3
2R () Nig
B3 N R
AR () e - - AR GRBH
i \%iﬁ/&s LI
6/ (k) s R [ QAEBEESIR)
= R, §/:/k_—“‘\‘>, y :'.. ".‘,:. :.:.. “,:':
BT \,'\,b\ﬂ?‘fj/»
B (M) (T SRR
F92
H10/2 () e g0 B
BIE ’
WI2E () e —_ F12)Z Brbeh
HI13E

(b) LAY fFd e i

1 Yo dadn e i
F®1 FRENSBNRESHE
TR EL n LR EHEE 28 M58 ok 5 PR B
(n=1,2,---,7) 7 1Q W /mm R /Q
H19%
‘ 66 0.08 7
(T £2)
W29
4 0.08 120
(P IRER)
BB 36 0.11 241
(P IRER) ’
Bad 34 0.12 362
(P IRER) ’
5%
ot 36 0.11 555
P =y e (#ARE)
H 6% 39 0.09 685
3 MWRERSITE (PR '
R ) 53 S ) L T T Il A A 3 R (ijii) 50 0.14 791
Ty Z

O 7~ . FRATHIN T 51 4E T 4200 1% 58 i /Y
Iy o4 T RAF AT ge Xt L, an &l 3 R i R 7R . 8
BT o3 RSP AL 4 mm () X 4 mm (98) % 1.33 mm
(), 8R 0.07 2, % 0.07 4, % 0.02 4, Horh A, J2 12 )2
LTCC A JFUxt Bz (1 0 < . B 3 th @& 48 F i 2y
3 RST 2 26 mm(4) X 4 mm(5E) % 1.33 mm( ).

PRt 78 3y 43 25 B 7K ROT I8N T 84.6%, 7243 558 T
SN FESE AT . 1] 4 S S8 477 BRI 2 25 51,
17 BRI N5230C W 45 43 A ACFR = g 11 0 38 e L %
AT . 7E 2~38 GHz SR B N, B AT 4348 19 S, .S,
Sy Sy FIS,, (9 S AE 43 A T -15.-4.1.16.-4.0 Fl



1920

i 2025 4F

BTSN S BHIE TR TR0 0 B S T M

—17 dB. MARSE AT HAG R 5 B — 2, Sk 1 B Rk
T B FIAT R . AR 4(0) FIE 4(a) b FRATTAT LA 28
T3 Aty AR i TR 8- IR S 70 , I e ph
FEARR VY 73 2 — PR BT AL e 2k 22 18] i B AL i
1RSI PR BRI AR AL 19 A7 T AR R 5 R Y
(A — 2R R R BREA TS AR BRI S AR BN AR, A
M TREARSN I R T8, BAT —E A BRI 3
K29 T A HAB K S 3 SR AEPERE R
S RISE T 25507 T ROAS LU . 6 USSR, At
AACRA $5e /NI ST B R B AR 485 5[] B[] 9 4
AN B 1 2 A e . AS BT A5 1) 3 11 Y
3 22— R BHLAT A F e i 2 g TR i e U 1) 1R
BT T 2 PR BT AR A . AT HORH 371 454
(R 3CHRL9, 10, A BTHAE BN RSF AR I T S 2

LGV T 48 By

513 AT 4% S ) I T AN TR
A o 5 5
ks, BA AR R B L
-5 =25
& DB(IS(1,1))) ~©-DB(S(1,1)]) & DB(S(2,1))) ~©- DB(IS(2,1))
Prpys e TP B R R U TR BRI
£DB(S(1,1)) B DB(S2,1))
\ | s s | wmnsmwe
15 . -30
g g
=25 5
© ©
-35
-45 i -45
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Hi#/GHz Hi#/GHz
(G) S 11 (b) 521
-3 A DB(S22)) ©-DB(S22)) =25 A DEGE) S DEGCI)
SRS S SRONE BRI RNRE A B Sl (P TSh BH R
& b 9 BDBISE.)
— 7y 53 3% 30 it
i 46 HAA B
g 2
a=25 =
) o
=35
—45 -45
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
% /GHz HiRIGHz
(C) Szz (d) 531
0
_s - DB(S(3.2)) -6~ DB(SG.2) y
R ARG IO HEBF B 7
~10 EDB(S(.2))
R B
- -15
=
54— 20
A
-25
-30
-35
~40

15 20 25 35 40

% /GHz
(e) Sy,

4 Do ek ST E MRS,



%6 W S 1R 3 = e e B U S LTCC D) A3 1921
F2 ANAHAMINSIRAVIERERT B

Do i PLIA/GH | A SE/% | IR/ W s i /dB RF 1 % dy % A R 45 Tz
SCHiR[4] 7 57.1 >15 >10 0.2%0.19x 0.018 P2 PCB
SCHR[6] 10 160 >10 >10 0.18 X 0.1 x 0.07 A GaAs IPD
SCHRI9] 3.84 139.5 >10 >17 1.1 X 0.6 X 0.01 Z PCB
SCikl10] 2.45 126 >15 >10 0.23 X 0.76 X 0.01 2 PCB
SCHk[11] 52 37 >11 >11 0.29x 0.1 x0.11 EIsE 4 CMOS
SCHR[13] 28 33 >15 >17 0.07 x 0.09 x 0.04 B A8 GaAs IPD
SCRiR[14] 2.63 50.6 >15 >10 0.08 x 0.08 X 0.03 SRRk LTCC
EN“an 20 180 >15 >17 0.07 x 0.07 % 0.02 Z LTCC

4 i Technology of China, 2025, 54(1): 8-12. (in Chinese)

KSCHFSE T —Fh 5L T LTCC = 4k 5 4 AR 0 5 4
S B ST D)oy A DK 7 1 I o 2 — K BB AR
PG AT L HES A R, ARSI T S 2 U 4
R 53 25 00 /N BUAR RN e B2 AR . % P 4y 2% RO
4 mm X 4 mm X 1.33 mm, A 6 5 2 55 D) 40 K OF
R/ T 84.6%, H AT T 180% By AH XS i 5E . il i
S5O ESE RS EY S, ARV TRUE T B 1 5 = 4k 45
P ) 43 25 0 AT AT 0L RN S50HE IZ T 43 4% AT LA 32 0L
T 2~38 GHz 98 T 7 18 5 0 FH 4y,

SE 3k

[1] WILKINSON E J. An N-way hybrid power divider[J]. IRE
Transactions on Microwave Theory and Techniques, 1960,
8(1): 116-118.

[2] ZHANG N, WANG X L, ZHU L, et al. A wideband band-
pass power divider with out-of-band multi-transmission ze-
ros and controllable equal-ripple levels[J]. IEEE Transac-
tions on Microwave Theory and Techniques, 2022, 70(2):
1178-1187.

[3] ABBAS S, MAQSOOD M, SHOAIB N, et al. A wideband
RF power divider with ultra-wide harmonics suppression[J].
IEEE Journal of Microwaves, 2023, 3(4): 1248-1257.

[4] WANG L L, LIU C K, HUANG W H, et al. A modified
Wilkinson power divider with improved in-band perfor-
mance and compact size[J]. IEICE Electronics Express,
2024, 21(1): 20230498.

[5] PAKASIRI C, WANG S. Compact Wilkinson power divid-
er with common inductor on the IPD process[J]. IEEE Ac-
cess, 2021, 9: 167699-167705.

l6] #illlyy, 204, B #k . TR A Y I vir /NELE
JR A AR DN o 4 D). 5 BB R A4, 2025, 54(1):
8-12.

HAN S Y, PENG S R, LU Z Y. Ultra-wideband miniatur-
ized Wilkinson power divider based on coupled induc-

tance[J]. Journal of University of Electronic Science and

[7] SONG K J, ZOU X J, ZHOU Y D, et al. Miniaturized ul-
trawideband reconfigurable power divider based on slot-
line and double-sided parallel-strip line[J]. IEEE Transac-
tions on Microwave Theory and Techniques, 2021, 69(4):
2130-2137.
[8] ZHANG Z W, ZHANG G, TAM K W, et al. Packaged
wideband highly selective filtering power divider with arbi-
trary phase difference and power dividing ratio on multi-
layer stripline[J]. IEEE Transactions on Microwave Theo-
ry and Techniques, 2024, 72(8): 4757-4769.
[9] GO D J, MIN B C, KIM M J, et al. Compact ultra-wide-
band Wilkinson power divider in parallel stripline with
modified isolation branches[J]. Sensors, 2024, 24(11):
3437.
[10] KASAR O. Theoretical design and implementation of
equal and unequal split ultra-wide band Wilkinson power
divider with Chebyshev impedance transform[J]. Journal
of Electrical Engineering, 2024, 75(5): 383-391.
(LL] SR, sl AR, ks, 55 B T RLBTAMEB AR 1 2K i
Fon Doraeld]. 274, 2025, 53(1): 112-118.
LU Q J, HAN D W, ZHANG H, et al. Millimeter-wave
ultra-wideband power divider with impedance compensa-
tion technique[J]. Acta Electronica Sinica, 2025, 53(1):
112-118. (in chinese)
[12] W, BEA, AR 0.1 ~3 GHz #5847 /N LAk
LTCC H)4 bt o (3], w4z, 2024, 40(S1): 151-154.
YANG Y Y, LU CJ, LIN H S. Research on a 0.1~3 GHz
ultra-wideband miniaturized LTCC power divider[J]. Jour-
nal of Microwaves, 2024, 40(S1): 151-154. (in chinese)
(13 ] Peoeh, fRMSIA, o0, 55 . —Fh B R 2Z K IPD
EUR I o34 (1. oA, 2023, 1: 1-6.
SHEN G X, XU P H, FENG W J, et al. A compact milli-
meter wave IPD on-chip filter power divider[J]. China In-
dustrial Economics, 2023, 1: 1-6.

[14] ZHAO W, WU Y L, YANG Y H, et al. Novel on-chip



1922 H, +

2025 4F

wideband filtering power dividers with high selectivity

and ultra-wide out-of-band suppression in LTCC technol-

EEEN

BRER U, 2003 4R T N . 8
ST EIE R E OB BEA R . EEFR
7510 R LTCC AR L s 3 e B0 | = 4k B Pk
PSS .
E-mail: b22020226@njupt.edu.cn

EHR 200444 TULHAE kT . 2L
ST ECIE L R AE R 2 A B AR A L R
J5 6] Jy AR AL B R G B A R SRR
[iR" 37 8
E-mail: p22000109@njupt.edu.cn

ogy[J]. IEEE Transactions on Circuits and Systems II: Ex-
press Briefs, 2022, 69(11): 4288-4292.

W R 55,1980 4R AE T H AT . 8
SITEHUIE L R OB BE R 8 . R
5 1) g S50 AT U R, S AR R P I A AR IR A
.

E-mail: shig@njupt.edu.cn

BB B 1984 L PR R . B
R IR PR A A A N P B R A . A
5% J7 18] 5 CMOS . InP  SiGe £ L BR 5 R 48, =
Y S5y B 1l e, B D L B B BT 6

E-mail: shanwenh@njupt.edu.cn



