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* Applications
» High date-rate for SATCOM
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* Applications

» High date-rate for SATCOM
» Low radiation loss for anti-interference
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* Applications

» High date rate for SATCOM
» Low radiation loss for anti-interference
> Multi-function for miniaturization
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* Challenges
» Microstrip power divider!1] » Microstrip balunl]

Port 2
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) Wide stopband © Wide FBW
@ Relatively large size @ High phase imbalance
@ High radiation loss @ High radiation loss
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* Challenges
> SIW power divider!3] > SIW balunl4]

Top Ridge layer
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Bottom Ridge layer

© wide FBW ) Low phase imbalance

@ Narrow stopband @ Relatively large size
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* Hybrid CPW/SIDGS scheme = CPW =1 Gound |
O Substrate O Gound Il
@ Miniaturized size
h1
@ Wide stopband
_ _ Etched Defect
@ Low radiation loss hs
Metal-Via
 Combine power divider with balun
@ Miniaturized size B \
Power divider
@ Multi-function 104
differential
power splitter
Balun /
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e Transmission-line model

> CPW resonator [] Top Metal  —- Symmetrical plane-l (x-axis)
[] sIDGS -+ Symmetrical plane-ll (y-axis)
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e Transmission-line model
> CPW resonator

-4 Differential Power Splitter Design
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] Top Metal — - Symmetrical plane-l (x-axis)

> Two SIDGS resonators [] sipGs --- Symmetrical plane-ll (y-axis)
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e Transmission-line model

> CPW resonator ] Top Metal — - Symmetrical plane-l (x-axis)
> Two SIDGS resonators [] sipGs --- Symmetrical plane-ll (y-axis)

» Broadside-coupled
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SANDIEGO -
e Transmission-line model

> CPW resonator ] Top Metal — - Symmetrical plane-l (x-axis)
> Two SIDGS resonators [] SIDGS - - Symmetrical plane-ll (y-axis)
» Broadside-coupled

» Hybrid CPW/SIDGS scheme
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* Transmission-line model of O° power splitter (P2/P3 or P4/P5)
» Even-mode excitation

P1
Ze1, Zo1, Oc1 = T = Ze1, Zo1, Oca

'—0

— k
=
Ze2, Oc2 Z11, 011 Zc3, Oc3
Zo1, Bo1 Zc3, Oc3 Zea, Bca | |Zo1, Bo1
P30 —1- Z12, 612 g —l
Zo2, Bo2 Zo2, 002

Note: P2/P3 are used as example, and P4/P5 are the same.
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* Transmission-line model of O° power splitter (P2/P3 or P4/P5)
» Even-mode excitation

P1
Ze1, Zo1, Oc1 = T = Ze1, Zo1, Oca
. | |

1
ZEQg 9{:2 le; Bu Z-:‘Em 9::3
No power transfer from P1 to P2 and P3
Zn:l, Bo1 ZCE, Oc3 Zr:E_. Oc3 Zﬂi} Oo1
P30 1 212, a2 g —l
Zui; 02 Zni: 02

Note: P2/P3 are used as example, and P4/P5 are the same.
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* Transmission-line model of O° power splitter (P2/P3 or P4/P5)
» 0dd-mode excitation

P1
Ze1, Zo1, Oc1 = T = Ze1, Zo1, Oc1

|
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Note: P2/P3 are used as example, and P4/P5 are the same.
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* Transmission-line model of O° power splitter (P2/P3 or P4/P5)

» 0dd-mode excitation
P1

Ze1, Zo1, Oc1 = T = Ze1, Zo1, Oc1

1
Zca, Bc2 Z11, 611 Zc3, Oc3
zﬂi[ Bﬂi ZCE_: 8:’."3 zCSy HCB Zﬂir 901
P30 1 412,02 T FoP2
T S | — Zo2) 902 _
= y-axis

|S11]| & |S21| & |S31]
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; [ Ze1=120Q|
-40| 0
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) 10
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Frequency (GHz)

Note: P2/P3 are used as example, and P4/P5 are the same.
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* Transmission-line model of 180° power splitter (P2/P4 or P3/P5)
» 0dd-mode excitation

P2 P4
? 9

Zui, enﬂ' Zﬂig 9.;.2 -

é Zc3, Oc3 __l Lc3, Oc3 l:i

I\? - zni; Bnl Zui, eu:h - r\i

|"':~I;.'?1 Z-::E; GDE z-::E, Bc f:};

| i g JT— = EIJT: L

o— U+ 1311+
Pl _ 271, 0112712, 612 2712, 012 2734, 01 __O/C
X-axis

Note: P2/P4 are used as example, and P3/P5 are the same.
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* Transmission-line model of 180° power splitter (P2/P4 or P3/P5)
» 0dd-mode excitation

Pz? ?P“ No power transfer from P1 to P2 and P4

Zui, enﬂ' Zﬂig 9.;.2 -
é Zc3, Oc3 __l Lc3, Oc3 l:i
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X-axis

Note: P2/P4 are used as example, and P3/P5 are the same.
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* Transmission-line model of 180° power splitter (P2/P4 or P3/P5)
» Even-mode excitation

P2 P4
? 2

Zo2, 602 Zo2, 002

-
&  Zea, Oc3 Z:3,03 o
- _—I I é"
I\? - zni; Bo1 Zui, Oox M N
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Note: P2/P4 are used as example, and P3/P5 are the same.
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* Transmission-line model of 180° power splitter (P2/P4 or P3/P5)
» Even-mode excitation
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* Frequency response of 1-to0-4 differential power splitter

» S-parameters
» Phase Imbalance
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 Embedded CPW spur-lines
» Broadside- Coupled CPW/SIDGS spur—llne
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Embedded CPW spur-lines

S spur-line

» Broadside-coupled CPW/SIDG
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 Embedded CPW spur-lines
» Input/output CPW spur-line
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 Embedded CPW spur-lines
» Input/output CPW spur-line
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* Configuration

» 3-D structure (Core circuit size: 5.31mm X 7.68mm)
» Layer diagram
» Circuit details of top layer and ground | layer

O Top Metal 3 Gound |
O Substrate O3 Gound Il
11 11
Er hl oF C’S:LO ‘ o
| + | . s2
Etched Defect At e
Er h2
Metal-Via
3D-view Layer diagram Top layer Ground | layer
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* Three-layer commercial PCB fabricated technology

» RO4003C is selected as the substrate (g, = 3.55)
» Thicknesses of each substrate are 0.203mm and 0.406mm

» Tand = 0.0027@10 GHz/300 K

L

110.203mm R04003C

0.406mm RO04003C /

Layer configuration
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G2 IMS Measurement and Comparison

Connecting Minds. Exchanging Ideas.

* Three-layer commercial PCB fabricated technology

» RO4003C is selected as the substrate (g, = 3.55)
» Thicknesses of each substrate are 0.203mm and 0.406mm
» Tand = 0.0027@10 GHz/300 K

* Photograph of fabricated 1-to-4 differential power splitter

L

[[0.203mm R04003C

0.406mm RO04003C /

Layer configuration Photograph

<WE1F>-<2>



G2 IMS Measurement and Comparison

Connecting Minds. Exchanging Ideas.

 Passband performance
» Center frequency: 9.5 GHz
FBW: 52.6%

Return loss: >15 dB
nsertion loss: O0./5 dB

Y VYV VY

« Stopband performance

» Stopband: up to 4.2 1,
» Rejection level: <-18 dB
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B2 IMS Measurement and Comparison

* 0° power splitter
» Amplitude imbalance: +0.15 dB
» Phase imbalance: +1°

m 0.2 1
2 >
m N
2 0. 8 05
c S
o RN Y, § et S
o O 7 D A D e
£ Y
S . ‘ O
201} : | Simulated _&%'0-5 S N Simulated ==s=ss==s= -
E- Measured o - P4-P5 Measured
<027 8 5 10 11 12 7 g 5 10 11 12
Frequency (GHz) Frequency (GHz)
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B2 IMS Measurement and Comparison

e 180° power splitter

» Amplitude imbalance: +0.75 dB
» Phase imbalance: +1.5°
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« Comparison table

parison

=0
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Ref. [1] [2] [3] [4] [5] [6] This work
Technology Microstrip SIW Microstrip/SIDGS CPW/SIDGS
. Power Power Power 1to-4
Passive components divider Balun divider Balun divider Balun different_ial
power splitter
f, (GHz) 2.02 3.65 13.65 15.1 2.87 3.08 9.5
IL** (dB) 1* 0.5* 0.98 1.1 1 0.6 0.75
FBW (%) 49.5 175 99 50.3 23 45 52.6
0° A.-Im (dB)/P.-Im* (°) 0.1/1.5 N/A | 0.57/6.2 N/A N/A N/A 0.15/1
180° A.-Im (dB)/P.-Im* (°) N/A 0.5/10 N/A | 0.35/1.9 N/A 0.5/0.4 0.75/1.5
supanarocton | 2% [ wn | wa | wa | pasw | <m@w] <ms o
Radiation Loss High High Medium | Medium Low Low Low
Size (mm2) 1443 570 N/A 138.5* 444.0 91.7 40.8

*: estimated from the figures of measured results.

< IEEE

AMTT-S

|EEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY

IL**

: insertion loss.

A.-Im (dB)/P.-Im#: amplitude/phase imbalance.
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« Comparison table

parison
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Ref. [1] [2] [3] [4] [5] [6] This work
Technology Microstrip SIW Microstrip/SIDGS CPW/SIDGS
. Power Power Power Al
Passive components divider Balun divider Balun divider Balun different.ial
power splitter
f, (GHz) 2.02 3.65 13.65 15.1 2.87 3.08 9.5
IL** (dB) 1* 0.5* 0.98 1.1 1 0.6 0.75
FBW (%) 49.5 175 99 50.3 23 45 52.6
0° A.-Im (dB)/P.-Im* (°) 0.1/1.5 N/A | 0.57/6.2 N/A N/A N/A 0.15/1
180° A.-Im (dB)/P.-Im* (°) N/A 0.5/10 N/A | 0.35/1.9 N/A 0.5/0.4 0.75/1.5
suppanaropcton | 2% [ wn | wa | wa | pasw || s
Radiation Loss High High Medium | Medium Low Low Low
Size (mm2) 1443 570 N/A 138.5* 444.0 91.7 40.8

*: estimated from the figures of measured results.
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» A compact 7-12 GHz 1-to-4 differential power splitter using hybrid
CPW/SIDGS scheme is proposed for SATCOM.
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CPW/SIDGS scheme is proposed for SATCOM.

» The hybrid CPW/SIDGS scheme introduces wide stopband and low
radiation loss.

» Combine 0° power divider with 180° balun to generate multi-function
component.

» The spur-lines are used to achieve low amplitude/phase imbalances and
upper stopband with low radiation loss.
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» A compact 7-12 GHz 1-to-4 differential power splitter using hybrid
CPW/SIDGS scheme is proposed for SATCOM.

» The hybrid CPW/SIDGS scheme introduces wide stopband and low
radiation loss.

» Combine 0° power divider with 180° balun to generate multi-function
component.

> T
u
> T

ne spur-lines are used to achieve low amplitude/phase imbalances and
pper stopband with low radiation loss.

ne measured results show that the proposed 1-to-4 differential power

splitter has the merits of low amplitude/phase imbalances, low loss,
compact size, and wide stopband.

MTT-S .
I E E E IEEE MICROWAVE THEORY & <WE1F>_<2>
7 TECHNOLOGY SOCIETY



=0
SAN DIEGO

G2 IMS Acknowledgement

Connecting Minds. Exchanging Ideas.

» The authors thank the support of National Key R&D Program of China
under Grant 2021YFEO0205600 and National Natural Science
Foundation of China under Grant 61934001 and 62161160310.

MTT-S '
I E E E IEEE MICROWAVE THEORY & <WE1F>_<2>
7 TECHNOLOGY SOCIETY



o0 IMS Reference -

20
Connecting Minds. Exchanging Ideas. SAN DIEGO

[1] M.-T. Chen and C.-W. Tang, “Design of the filtering power divider with a wide passband and
stopband,” IEEE Microw. Wireless Compon. Lett., vol. 28, no. 7, pp. 570-572, Jul. 2018.

[2] K.-C. Lin and Y.-C. Lin, “A simple printed compensated balun for enhanced ultra-wideband
performances,” IEEE Microw. Wireless Compon. Lett., vol. 24, no. 1, pp. b-7, Jan. 2014.

[3] D. Herraiz, H. Esteban, D. Herraiz, A. Belenguer, and V. E. Boria, “Wideband H-plane T-
junction power divider with compensation elements using double ridged empty substrate
integrated waveguide,” IEEE Microw. Wireless Techn. Lett., vol. 33, no. 3, pp. 255-258,
Mar. 2023.

[4] M. Jia, J. Zhang, and Y. Dong, “A compact and broadband balun based on multilayer SIW,”
IEEE Microw. Wireless Compon. Lett., vol. 32, no. 2, pp. 105-108, Feb. 2022.

[5] C. Han, D. Tang, Z. Deng, H. Qian, and X. Luo, “Filtering power divider with ultrawide
stopband and wideband low radiation loss using substrate integrated defected ground
structure,” IEEE Microw. Wireless Compon. Lett., vol. 31, no. 2, pp. 113-116, Feb. 2021.

[6] D. Tang and X. Luo, “Compact filtering balun with wide stopband and low radiation loss
using hybrid microstrip and substrate-integrated defected ground structure,” IEEE Microw.
Wireless Compon. Lett., vol. 31, no. 6, pp. 549-552, Jun. 2021.

I E E E ﬁ?‘nﬁé‘&gﬁﬁ 47 " <WE1F>-<2>




oNiIMS ===

=0,
Connecting Minds. Exchanging Ideas. SAN DIEGO

Thank you very much for your attention!

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



	幻灯片 1
	幻灯片 2: Outline                                        
	幻灯片 3: Outline                                        
	幻灯片 4: Motivation & Introduction & Challenges
	幻灯片 5: Motivation & Introduction & Challenges
	幻灯片 6: Motivation & Introduction & Challenges
	幻灯片 7: Motivation & Introduction & Challenges
	幻灯片 8: Motivation & Introduction & Challenges
	幻灯片 9: Motivation & Introduction & Challenges
	幻灯片 10: Motivation & Introduction & Challenges
	幻灯片 11: Motivation & Introduction & Challenges
	幻灯片 12: Outline                                        
	幻灯片 13: 1-to-4 Differential Power Splitter Design
	幻灯片 14: 1-to-4 Differential Power Splitter Design
	幻灯片 15: 1-to-4 Differential Power Splitter Design
	幻灯片 16: 1-to-4 Differential Power Splitter Design
	幻灯片 17: 1-to-4 Differential Power Splitter Design
	幻灯片 18: 1-to-4 Differential Power Splitter Design
	幻灯片 19: 1-to-4 Differential Power Splitter Design
	幻灯片 20: 1-to-4 Differential Power Splitter Design
	幻灯片 21: 1-to-4 Differential Power Splitter Design
	幻灯片 22: 1-to-4 Differential Power Splitter Design
	幻灯片 23: 1-to-4 Differential Power Splitter Design
	幻灯片 24: 1-to-4 Differential Power Splitter Design
	幻灯片 25: 1-to-4 Differential Power Splitter Design
	幻灯片 26: 1-to-4 Differential Power Splitter Design
	幻灯片 27: 1-to-4 Differential Power Splitter Design
	幻灯片 28: 1-to-4 Differential Power Splitter Design
	幻灯片 29: 1-to-4 Differential Power Splitter Design
	幻灯片 30: 1-to-4 Differential Power Splitter Design
	幻灯片 31: 1-to-4 Differential Power Splitter Design
	幻灯片 32: Outline                                        
	幻灯片 33: Measurement and Comparison
	幻灯片 34: Measurement and Comparison
	幻灯片 35: Measurement and Comparison
	幻灯片 36: Measurement and Comparison
	幻灯片 37: Measurement and Comparison
	幻灯片 38: Measurement and Comparison
	幻灯片 39: Measurement and Comparison
	幻灯片 40: Outline                                        
	幻灯片 41: Conclusion
	幻灯片 42: Conclusion
	幻灯片 43: Conclusion
	幻灯片 44: Conclusion
	幻灯片 45: Conclusion
	幻灯片 46: Acknowledgement
	幻灯片 47: Reference
	幻灯片 48

