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Need Addressed  

– Current antennas on smartphone/tablets 
cannot adapt to changing installation  
and operating environments 

– easily detuned 

– narrowband  
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Opportunity/Impact 
Rapid global growth of smartphone/tablet 

(annual sales in million units) 

–  122 in 2007 

–  789 in 2012 

–  3500 in 2020 (projected) 
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Adaptive Ultrawideband Miniaturized Antenna 
(AMUA) 

• Real-time impedance and pattern adaptation            Fewer dropped calls 

• Switchable impedance and pattern that smartly adapt, in real 

time, to the changing user/multipath environment in the mobile RF 

link with enhanced diversity gain  

• Real-time adaptation mitigates problem of buffering in voice 

stream          No halting, delay or loss of voice connection 

• Patented ultrawideband miniaturized low-Q Traveling-Wave Antenna 

(TWA) enables high-performance low-cost implementation. 

• S/N improvement of 5 to 10 dB as a first goal 

• Cost competitive with current technology 

• Phase-I exhibited feasibility by breadboard embedded in tablet 

• Adequate patent protection 
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Design Concept 

GPS system: L1~L5 band 

(1176~1575MHz) 

GSM (800MHz), PCS (1700MHz),  DCS 

(1800MHz) WLAN frequencies: 2.4GHz, 5GHz. 

Satellite  Frequencies: 5~14GHz 

Adaptive Miniaturized Ultrawideband Antenna (AMUA) covering 800MHz to 10GHz band 

D=1” (SW model) with 

dual-mode (0 and 1) 

TWA 

Challenge: Impedance 

matching at low 

frequencies  

Enhancing access 

to the radio 

spectrum (EARS)  
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           Breadboard Using RF MEMS  for Smartphone/Tablet 

Using CMOS digitally tunable MEMS capacitors 

 700MHz to 1600MHz 

 Capacitance value: 1~15pF 

 Ultralow power consumption 

 High quality factor and high linearity 

 Small size 

 Samsung has a product with simple features in 

its 2012 smart phones      confirming 

practicality of approach 
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Designed Double Stub Impedance Matching Circuit 

Advantage of double stub tuner: 

(1) Two adjustable stubs yield wide matching agility 

(2) Low insertion loss (no lossy inductors used) 

 

Optimized stub and inter-stub length: 

Stub length: d1=10.21°,  d2=30.08° (@1150MHz) 

Inter-stub length: d3=29.118° (@1150MHz) 

Antenna 

50Ω 

C1 C2 

ZL 

MEMS Capacitor bank 

Tunable range: 1pf~15pf 

Quality factor: 40 

VSWR 2:1 

MEMS chip 



Conformal Broadband 2-D (Two-Dimensional) Traveling Wave 
Antenna (TWA) with Pattern Diversity 

Mode 0 
Mode 1 
Mode 2 
Mode 3 

Horizontal 
plane of 
antenna 

z (Zenith) 

 

Feed cable Ground plane 

Ultrawideband  
TWS Matching structure 
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0   g   ( k r )   J n ( k r r ) exp( jk z r   d k r   

Radiated far fields in terms of wave function 
modes (in cylindrical coordinates): 

where n specifies the mode number. 

Mode-0 and Mode-1 are most 
practical and complementary! 

8 



Employed Low-Q Traveling Wave Antenna (TWA) to Achieve  
Optimal Size/Bandwidth and Circumvent Chu Limit 

Bandwidth B f  and Q  vs ka

B f = 1/Q

Q a (Chu, 1948)

Q  (McClean, 1996)
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

Wang antenna

(1-10 GHz SMM mode-0)    

B f ~ 1/Q

Copyright © 2005 by Wang Electro-Opto Corporation 

Note: This Q-B equation is 
INVALID for low Q. 
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Integration to a 
tablet and then to 

smartphone 
Feature Advantage Benefit 

Broadband and 

multiband 

Handles 

multifunctionality 

and not vulnerable 

to detuning 

More robust wireless 

connectivity 

Real-time 

adaptive 

impedance 

matching 

Can overcome 

detuning caused by 

changes in 

operation or 

installation 

environment 

Mitigating call drops 

and improving call 

quality 

Small size/weight 

and low cost 

Can be integrated 

into wireless 

communications 

systems, in 

particular 

smartphones and 

tablets 

Amenable to 

installation into 

smartphones and 

tablets at low cost 
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