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Trend of Differential Signaling
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Electronic System
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Example

» A 3.5 Gbps differential PRBS passing through a differential pair
with length mismatch (PRBS : Pseudorandom Binary Sequence)
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Problems

» Sl - Mode Conversion : Common mode to Differential mode.

Common mode noise

/L =z

Zo _/ML

Asymmetrical
structure

— » EMI - Attached I/O cables (HDMI,
SATAIIl, USB 3.0...) .
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Problems

» Pl - via transition, crossing slots
(plate cavity).

/
/

//
» RFI - shielding metals, heat sink,
daughter boards (Dipole).
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Conventional Solution
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Bottleneck

Parasitic Cap.
Asymmetrical geometry
Ia | LM
-Ia L-M
et

> L # M, parasitic C, and asymmetrical geometry
degrade the differential signal quality.
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Proposed embedded structures

1. Defected Ground Structure (DGS)

2. Transmission Line Metamaterial

12 FIMP, EPITS 2016, AUSTIN, TX

2010/10/31



Defectd Ground Structure(DGS)

Dififienconti M ddodixkitei (N(Bighal)

13 FIMF, EFEPS 2006, AUSTIN, TX

-------------------- 2 Port 3
(— ( —o
0.47 g % 0.76 Ag Zeven Zeen Zien Zeven
2xLpes 2xLps 2xLpas
- Cpes/2 Cpas/2 Cpes/2 -

» Use Periodic DGS to produce electromagnetic bandgap for
common mode

[1] W.T.Liu, C. H. Tsai, T. W. Han, T. L. Wu, “An embedded common mode suppression filter for GHz differential signals Using
Periodic Defected Ground Plane”, IEEE Microwave and Wireless Components Letters, vol. 18, no4, pp. 248-250, Apr, 2008.
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Performance
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» Apply mutual coupling to enhance the bandwidth of common mode

suppression.
] G
[21S.J. Wu, C. H, Tsai, and T. L. Wu “A novel wi d ion filter for GHz differential signals it e
using coupled patterned ground structure,” IEEE Trans. Microwave Theory Tech., vol. 57, no.4, pp. 848-855, Apr. 2009.
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Design Concept (1/3)
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Design Concept (2/3)

Magnetic Coupling Coefficient
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Asynchronous Tuned Magnetic Coupling
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Design Concept-TL Metamaterial

Electric Field Line of the Differential Mode

I'ypel : PCB/SiP

New Equivalent circuit
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New Equivalent circuit

23 FIMF, EFEPS 2006, AUSTIN, TX

Metamaterial Differential Line

Assume p << 1 and lossless
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Frequency (GHz)
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Dispersion Diagram
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Example I: Embedded CMF in LTCC

Top view
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Performance
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A designed stop-band (3.8-7.1 GHz) for common
mode is seen both in simulation and measurement
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XX
Example II: wideband CMF

Low Temperature Co-fired Ceramic (LTCC) :
# of Layer : 11 (Ag)

DK=3.9

#of Cell : 5

Size --- 0.05 g x 0.26 4¢ (1.6 x 8 mm?)

Photograph ™=
A4t
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A good differential mode transmission is seen both in
simulation and measurement
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Example Ill: Compact CMF

Low Temperature Co-fired Ceramic (LTCC) :
# of Layer : 17 (Ag)
DK=7.8

Goal :
Size ---0606 (60 mil x 60 mil)
Case 1---25~8GHz

FINF, EFEPS 2010, AUSTIN, TX
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Example IV: CMF for EMI/RF| Suppressidiiig
. L, | 0.86 nH
Low Temperature Co-fired Ceramic (LTCC) :
# of Layer : 17 (Ag) L, | 2.02nH
DK=7.8 L, | 0.05nH
Goal : C, | 15pF
Frequency--@ 2.1 G for UMTS C, | 0.07pF
Size ---0606 (60 mil x 60 mil)
0, - -1 -21 GHz
LZCI

33 FIMF, EFEPS 2006, AUSTIN, TX

RFI for 3G UMTS

UMTS : Universal Mobile Telecommunications System is one
of the third-generation (3G) mobile telecommunication

technologies.
Frequency band Frequency (MHz) Region
2100 1920-1980, 2110-2170 | Europe, Asia, Oceania, Brazil
1900 1850-1910, 1930-1900 | North America , Latin America
1700 1710-1755, 2110-2155 | USA, Canada
900 880-915, 925-960 Europe, Asia, Oceania
850 824-849, 869-894 USA
800 830-840, 875-885 | Japan T"{‘Q'i
T [ |
il
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Amplitude (dBm)
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EMI-Measurement setup
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» DGSs and Metamaterial concept are proposed to
design the embedded common-mode filter.

Conclusion

» Good diff. mode transmission with low mode
conversion.

» Wideband common mode suppression.

&)
» Realized on PCB and LTCC substrate (SiP). F Vﬁ e’}'
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