
Towards a General-Purpose Radio Interface:  

CCE Antennas and blocker-tolerant RFICs 

Mikko Kaltiokallio(1), Risto Valkonen(2), Kari Stadius(1), Jussi Ryynänen(1) 

(1) Department of Micro- and Nanosciences / SMARAD2, 
Aalto University, Finland 

mikko.kaltiokallio@aalto.fi 
(2) Department of Radio Science and Engineering 

Aalto University, Finland 

Abstract 

This paper presents CCE antennas and blocker-tolerant radio circuits as a means towards a 
general-purpose radio interface. Two antenna solutions covering LTE bands and 
demonstrating dual-branch suppression are presented. The proposed frequency translation 
technique of the passive mixer can be used to implement a linear and flexible RFIC interface. 

1 Introduction 

The past 20 years has seen the emergence of different mobile communication standards starting 
from GSM and ending up with the upcoming LTE-Advanced [1]. The unifying property of these 
standards is that their operation frequency bands are fixed and their protocols are set to promote 
centralized base-station driven control. These systems have been implemented such that the 
older standards have been kept in operation, which has led to a dramatic increase of radio 
hardware in mobile terminals. Especially, the different discrete components, such as PAs, filter- 
and switch-banks, litter the PCBs and take up valuable real-estate and cost budget.  

The number of supported frequency bands has increased from one to over ten and the 
challenge will only increase as the inter-band carrier aggregation of LTE-A is implemented [1]. 
Moreover, manufacturers have to implement several variants to satisfy the regulatory 
requirements enforced by different markets. It is needless to say that this path of development is 
unsustainable from manufacturers’ and engineering point-of-view and effort should be put in to 
rationalize this situation such that the radio interfaces can be implemented with more flexibility 
and better cost-efficiency. 

Our paper presents recent advances in the fields of capacitive-coupling-element (CCE) 
antennas and blocker tolerant receivers. These structures are designed to operate over wide 
frequency ranges and withstand the harsh interference environment the radio is exposed to once 
the pre-select filtering is removed. Implemented together, these will enable a single radio chain 
to cover all of the non-concurrent cellular and WiFi-standards that are used in actual products. 

2 CCE Antennas 

A CCE antenna consists of an inherently non-resonant compact coupling element, the metallic 
chassis of a mobile terminal, and an impedance matching circuit. A major advantage of a CCE 
antenna in comparison with traditional self-resonant antennas is better frequency tunability, 
which is a consequence of the non-resonant nature of the coupling element. This makes the 
CCE antenna a promising contender for the primary antenna solution in future mobile terminals 
which may operate according to the principles of software defined radio (SDR).   

In principle, a CCE antenna can be tuned to resonance at almost any frequency with the help 
of a tunable matching circuit. An example is shown in Fig. 1, where a geometrically simple 
compact CCE is tuned with the help of a digitally tunable capacitor (DTC) across 750-2500 
MHz. The antenna achieves measured return loss Lretn ≥ 6 dB and fairly good total efficiency 
45% ≤ ηtot ≤ 69%, offering a suitable antenna solution for a SDR transceiver at these frequencies 
[2]. 
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Fig. 1: Schematic picture of a broadband tunable CCE antenna and measured impedance 

matching of the antenna in different states of the tunable capacitor (DTC). 
 

Another CCE antenna example is shown in Fig. 2 where the same size CCE is tuned between 
the lower and the higher LTE-A frequencies (700-960 MHz and 1710-2690 MHz) with a low-
cost semiconductor switch. The antenna is a modified version of the antenna in Fig. 1, designed 
to allow suppression of harmonic signals to a mixer-first type receiver input. The prototype 
antenna exhibits state-of-the-art performance at the LTE-A bands with measured Lretn ≥ 6 dB, 
and 45% ≤ ηtot ≤ 71%. The antenna configuration even with the low-cost, low isolation switch 
suppresses the harmonics of the lower band by 13-20 dB, helping the receiver to be increasingly 
blocker-tolerant. 

 
Fig. 2: A dual-path CCE antenna and measured characteristics at low-band (solid) and at 

high-band (dashed) LTE-A frequencies. 
 

3 Radio Receiver topologies with blocker tolerance 

Passive-mixer has been utilized recently [3] to realize an N-path filter as depicted in Fig. 3. Due 
to the non-overlapping sampling and unilateral behavior of the passive-mixer switches, the 
impedance on the baseband side of the mixer is up-converted and is visible through the switch-
transistors on the RF-side of the mixer and vice versa. This technique allows synthesization of a 
high-Q impedance on the RF-side as the absolute bandwidth of the low-pass response is 
maintained in the transformation (up-conversion) process.  
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Fig. 3: Passive-mixer frequency translation technique. 
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The input impedance (1) is defined as a series connection of a switch on-resistance RSW and 

frequency-transferred impedance of the baseband side, namely the low-pass capacitor C. As can 
be seen from (1) the input impedance at the LO frequency is infinite. In practice, the parasitic 
elements on the RF-side and possibly a real resistive load on the baseband side limit the input 
impedance. When the offset frequency from the LO increases, the latter term in (1) goes to zero 
and the ultimate selectivity is limited by the switch series resistance RSW. Therefore, to 
maximize the impact of this structure, it should be connected to a high impedance RF-node. 

The structure presented in Fig. 3 can also be used as a mixer-first receiver [3] where the 
impedance transformation and filtering properties are used to full extent by amplifying and 
filtering the down-converted signal. This solution can operate flexibly over a wide frequency 
range as the reception frequency is simply tuned by changing the LO frequency. Unfortunately, 
the harmonic down-conversion remains an unsolved problem and needs more attention. 

We present another way to utilize the passive-mixer frequency translation property. In Fig. 4 
a transferred-impedance-filter (TIF) receiver is presented. The TIF feedback structure is 
connected over a two-stage LNA and it implements a tunable band-pass function by providing a 
notch feedback (a series capacitor instead of grounded one in Fig. 3). In addition, polyphase 
resistors between the notch-filter branches provide additional control over the center frequency 
as is demonstrated in Fig. 4. The added benefit of this solution is that it can be turned off when 
the blocking scenario allows doing so. In off-mode the receiver operates as a normal wide-band 
receiver. The synthesizer frequency range is suppressed by using a dual quadrature generation 
scheme, where the low frequency band is covered by the frequency divider, and the high 
frequency band by the non-dividing passive polyphase filter.  

 

 
 

Fig. 4: Transferred-impedance-filter LNA receiver block diagram. 
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Fig. 5: TIF receiver gain response and IIP3 with the filter turned off and on around 4GHz 

LO frequency shown on left. On the right, a summary table of measurements at LO frequencies 
of 2.4, 4.0 and 5.3GHz with the TIF feedback turned off and on. 

 
The measured results of the receiver are summarized in Fig. 5. The frequency response 

demonstrates that as the TIF feedback is turned on the out-of-band interferers are suppressed by 
6dB. This additional suppression is directly reflected upon the linearity of the receiver as the 
third-order-intercept points (IIP3) also improve roughly by 6dB as can be seen from the gray 
shade curves. The IIP3 degrades as test-tones are brought closer to the LO signal and baseband 
non-linearity begins to dominate. The noise figure of wide-band receiver is 3.2 to 4.3dB in off-
mode, which is competitive for a wide-band receiver. When the feedback is turned on, the NF 
degrades by roughly 1.5dB. The gain of the receiver and the baseband bandwidth can be 
adjusted over a wide range to implement flexible radio receiver able to cover many of the 
existing mobile radio standards. The circuit has been implemented with a 65nm CMOS process 
and occupies only 0.25mm2 active area.  

4 Conclusions 

This paper showed that CCE antennas act as a viable solution for a compact size and wide band 
antenna in a mobile terminal. Similarly, the blocker tolerant receiver techniques presented allow 
the combination of the existing radio chains and removal of dedicated pre-select filtering 
through the use of blocker tolerant and frequency translational structures. The techniques and 
solutions presented in this paper can enable the implementation of a general-purpose radio 
interface in the future. 
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