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High dynamic range 60 MHz powerline
front-end IC

J. Bauwelinck, E. De Backer, C. Mélange, E. Matei,
P. Ossieur, X.Z. Qiu, J. Vandewege and S. Horvath

Presented for the first time, is a novel broadband powerline front-end
realised in 0.25 mm SiGe BiCMOS with superior performance. The
frequency range of the transmitter (TX) and the direct conversion recei-
ver (RX) exceeds 60 MHz with a very wide dynamic range up to
99.5 dB for the lowest channel bandwidth. The integrated IF filter is
tunable from 1 up to 8 MHz. The measured input-referred noise of
the TX with low third intermodulation distortion (IMD3) is 2140
and 144.5 dBm/Hz for the RX.

Introduction: Broadband over powerline communications employing
the electricity distribution network is an alternative approach to
provide broadband services to users who are not within the deployment
strategy of incumbent operators. Many different powerline communi-
cation (PLC) systems are being developed and several proposals are
under discussion in the IEEE P1901 working group [1]. Frequency div-
ision multiplexing (FDM) is undoubtedly the most straightforward way
to achieve coexistence between different PLC systems (even homeplug
AV includes the possibility to use FDM for coexistence). Besides realis-
ing coexistence, there is a strong demand to exploit higher transmission
frequencies, to reduce electromagnetic (EM) radiation and to be more
robust against interferers. The proposed patent pending powerline
front-end IC solves these issues in combination with a high degree of
integration, a very high dynamic range, and provides the highest fre-
quency range reported to date.

Conventional PLC front-ends, designed for a time division multiple
access (TDMA) scheme (e.g. homeplug), do not use frequency
conversion in the analogue front-end [2–4]. As a consequence, the
receiver (RX) and the ADC capture the complete frequency range.
This puts very high requirements on the ADC in terms of number of
bits and conversion rate. Scaling to higher transmission frequencies
would require a proportional increase of the ADC conversion rate
(e.g. 300 Msps for a 100 MHz system), which is difficult to achieve at
low cost and low power consumption. Moreover, the higher the PLC
system bandwidth (BW), the more vulnerable the system becomes to
interferers [5].

Existing powerline front-ends for FDM systems can be divided in two
groups. The first employs a classical heterodyne upconversion architec-
ture [6], requiring filters at high IF which are difficult to integrate on chip
with good selectivity and linearity. External filters (e.g. SAW filters) are
usually used with fixed BW. The second group uses a number of fixed
input bandpass filters, which leaves very little flexibility to select the
channel frequency and BW [7, 8].

Design concept: The proposed powerline front-end architecture is
shown in Fig. 1. The transmitter (TX) generates a multicarrier signal
with variable BW of 2/4/8/16 MHz in the frequency range from 1.6
to 60 MHz. The transmit section on the chip consists of a sixth-order
Sallen-Key Butterworth reconstruction filter and a variable gain
amplifier (VGA) with a 1 dB gain step, which is connected to the
external line driver. The receiver (RX) section has a direct conversion
architecture. The variable gain low noise amplifier (LNA) with a 1 dB
gain step can be bypassed by a variable attenuator so that the receiver
can operate linearly up to the breakdown voltage of IO’s of the IC.
The LNA can select one out of four inputs, each corresponding to a
different preselector filter band delimited by an off-chip crossover
filter. This is particularly useful when the spectrum contains strong
interferers, e.g. low frequency noise or ham radios. The mixer is
passive, arranged in a Weaver topology, of which the second stage of
the mixer is in the digital domain. The mixer is followed by a passive
lowpass filter (LPF) and a VGA. The IF filters (fifth-order Chebychev
Gm-C) are integrated on the chip, including a switched capacitor
frequency stabilisation loop. The purpose of this filter is to attenuate
out-of-band noise and interferers as well as anti-aliasing (the lowest
aliasing frequency is attenuated .60 dB when the ADC clock is four
times the filter BW). The BW of the IF filter is tunable to 1, 2, 4 and
8 MHz to support a wide class of service requirements. The frequency
stabilisation and tuning occurs in the background, with no effect on
signal reception.
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Fig. 1 Analogue front-end ASIC architecture

The proposed architecture provides high flexibility (very wide gain
range, tunable channel BW and arbitrary centre frequency), and a high
degree of integration, and can be scaled to higher frequency ranges
(e.g. 100 MHz) because the ADC performance (and the ADC cost) is
not the limiting factor. Scaling up to higher frequencies requires only
a redesign of the LNA, the mixer and the TX reconstruction filter,
which is certainly feasible in the chip technology. All blocks are fully
differential and strong feedback linearisation was used to reduce
distortion.

Experimental results: The presented chip was fabricated in a 0.25 mm
SiGe BiCMOS technology. The die size is 3.5 � 3.5 mm2 and power
consumption from a single 2.5 V supply is 668 mW. The TX BW is
72.4 MHz at max gain (11.5 dB) and 79.1 MHz at min gain (2.3 dB).
The TX provides more than 20 dB attenuation (21.3 dB/24.2 dB at
min/max VGA gain) of the DAC image frequencies (above
148 MHz). The measured third-order intermodulation distortion
(IMD3) is shown in Fig. 2 as a function of frequency, and the input-
referred noise is 2140.2 dBm/Hz (measured at 10 MHz with max
gain). The RX BW is 62 MHz (measured at 21 dB LNA gain). The
input-referred noise of the RX is shown in Fig. 3 as a function of
LNA gain (LO at 10 MHz). The measured RX noise (2144.5 dBm at
max LNA gain) is well below typical powerline noise levels
(2130 dBm/Hz), even at low gain settings. The IMD3 is shown in
Fig. 4 as a function of the input level, in which the gain was set to
achieve a 1 Vpp at the AD driver output (RF at 10 MHz, LO at
8 MHz). The RX operates linearly up to the breakdown voltage of the
IO’s, so that the maximum input level is 18 dBm. Integrating the
input noise over the minimum channel width (2 MHz) yields a noise
level of 281.5 dBm and a very high dynamic range of 99.5 dB. For
the maximum channel width of 16 MHz, 90.5 dB dynamic range is
reached. This novel design provides the highest frequency range to
date ([2–4] are limited to 20 or 30 MHz), whereas the architecture pro-
vides more flexibility (channel frequency/BW) and the possibility to
filter interfering signals prior to AD conversion, in combination with a
very high dynamic range.

Fig. 2 Transmitter two-tone IMD3 measurement for 1 Vpp output swing as
function of frequency
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Fig. 3 Receiver input-referred noise as a function of LNA gain

Fig. 4 Receiver two-tone IMD3 measurement for 1 Vpp output swing as
function of input level (RF around 10 MHz, LO at 8 MHz)

Conclusion: An innovative broadband powerline front-end approach is
presented. Operation up to 60 MHz has been demonstrated, with a very
high dynamic range (90.5 to 99.5 dB). The RX noise floor is well below
typical powerline noise levels and the RX can operate linearly up to the
breakdown voltage of the IO’s. Furthermore, the new architecture
provides more flexibility and a higher robustness against interferers
compared to existing solutions owing to the preselector filter, the
ELECTRONIC
frequency conversion, the tunable IF filter and the linear operation up
to 18 dBm.

Acknowledgments: This work was supported by the European
Commission in the frame of FP6 (POWERNET project). The authors
wish to thank the COT Business Unit of Wireline Infrastructure
Division of STMicroelectronics for providing technical support and
STMicroelectronics for the chip fabrication.

# The Institution of Engineering and Technology 2008
5 November 2007
Electronics Letters online no: 20083198
doi: 10.1049/el:20083198

J. Bauwelinck, E. De Backer, C. Mélange, E. Matei, X.Z. Qiu and
J. Vandewege (INTEC/IMEC Ghent University, Sint-
Pietersnieuwstraat 41, B-9000 Ghent, Belgium)

E-mail: johan.bauwelinck@intec.ugent.be

P. Ossieur (Post doctoral fellow FWO-Vlaanderen, Belgium)

S. Horvath (ACN, Advanced Communications Networks, Rue du Puits-
Godet 8a, CH-2000 Neuchâtel, Switzerland)

References

1 ‘IEEE P1901 Draft Standard for Broadband over Power Line Networks:
Medium Access Control and Physical Layer Specifications’, http://
grouper.ieee.org/groups/1901/

2 Gault, S., Ciblat, P., and Hachem, W.: ‘An OFDMA based modem for
Power Line Communications over the low voltage distribution
network’. Proc. IEEE ISPLC, Vancouver, Canada, 2005, pp. 42–46

3 Mehr, I., Maulik, P.C., and Paterson, D.: ‘A 12-bit integrated analog front
end for broadband wireline networks’, IEEE J. Solid-State Circuits,
2002, 37, (3), pp. 302–309

4 Sanz, A., Garc Nicol, J.I., and Urriza, I.: ‘A broadband modem mixed
signal front end for Power Line Communications’. Proc. IEEE ISPLC,
Athens, Greece, 2002, pp. 302–306

5 Bauwelinck, J., De Backer, E., Mélange, C., Qiu, X.Z., Vandewege, J.,
Thornton, C., Boss, A., Horvath, S., and Rao, S.: ‘Analog front-end
ASIC requirements for a FDM broadband powerline system enabling
coexistence’. Proc. IEEE ISPLC, Pisa, Italy, 2007, pp. 437–440

6 Horvath, S., and Jamin, A.: ‘System and method for data communication
over power lines’, October 2004 (Int. Patent No. WO 2004/091113, A1)

7 Shelton, M.A., and Tustison, R.M.: ‘Digital Communication over
28VDC Power Line’, February 2006 (US Patent No. US 6,995,658, B2)

8 Kevin, J., Stoddard, T.D., and Haab, D.B.: ‘High data-rate powerline
network system and method’, September 2001 (Int. Patent No. WO
0165703)
S LETTERS 28th February 2008 Vol. 44 No. 5


