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Abstract— The work presented in this paper aims to develop an
optimized switch mode power amplifier (OSMPA) using existing
techniques in sigma delta ( XA) architecture that will lead to the
design of low cost, low power consumption transceivers with
flexible frequency transmission. This design will allow all digital
tunability and eliminate the need for cascaded analog components.
The implementation will improve the output spectrum using the
Cartesian XA structure by removing unwanted spectral components
when the carrier frequency of the transmitted signal is changed. In
addition, the new approach will improve the bandwidth and carrier
frequency range by removing the noise and distortion products.
Simulation results show that the new approach enables operation in
the cellular frequency bandwidth with improved spectral efficiency.
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I. INTRODUCTION

Existing network providers find it difficult to provide high
data rates for indoor wireless coverage due to low spectral
efficiency and uncontrollable channel conditions. As a result, this
has motivated the recent emergence of Femtocell architectures
[1-5]. According to [6], the mobile traffic generated in the indoor
locations is expected to reach 81% (55% of all mobile traffic will
occur at home and 26% will occur in the office). This percentage
has been increasing over time and is expected to increase further.
If a user has a home base station at his/her home (and office),
then the existing macrocell networks need only carry the
remaining 19% of traffic which is generated at outdoor locations.
Femtocell networks rely on sharing frequencies with other
similar networks [1][2] while enhancing the capacity and
coverage indoors, consequently this activity may cause
interference to other users in surrounding networks [3-5].
Therefore, Femtocell transceivers need to be low powered to
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reduce their interference footprints. They should also have
frequency flexibility to change channel quickly and avoid
interference from other Femtocells. Next Generation Femtocell
Base Stations (BS) will need to be small, low cost, power
efficient, and frequency flexible if they are to meet the key
challenges of achieving cost-efficient provision of coverage and
capacity [7] [8]. This has led to renewed interest in transceiver
architectures based on Pulse Width/Position Modulated signals
(PWM/PPM) in Figure 1 where these signals can be generated
from a polar representation of the transmitted signals. It is normal
to quantise the phase and magnitude components of the
modulation such that the pulse edges align with the digital clock
(for synchronous digital design). Sigma Delta (XA) modulation
techniques applicable in Figure 2 can be used to suppress the
quantisation noise but can generate unwanted spectral
components when the carrier frequency of the transmitted signal
is changed. Unacceptable noise and distortion occurs when the
transmission is not centred on the nominal carrier frequency.
Transmitters based on this technique are not qualified for
frequency flexibility. The proposed work will therefore focus on
methods to eliminate the noise and distortion products.

II. ANALYSIS OF EXISTING ARCHITECTURE

Existing 3G Base Stations require high efficiency linear radio
RF-PAs. All nonlinear classes can be operated with a switching
input waveform hence RF pulse width/position modulation (RF
PWM/PPM) is an important technique in switched mode
transmitter architectures. A novel all-digital approach to
generate a pulse train to drive switch mode power amplifiers
was proposed by [9]. In this work, it shows a better adjacent
channel noise performance through the output with 1-bit drive
signal from SMPAs. [10] Developed a system model to generate
an appropriate binary signal in the pulse width and the pulse
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position products to correct the amplitude and phase of the RF
signal. [11] RF PWM/PPM enables the usage of highly efficient
SMPA. Therefore, this concept makes RF PWM/PPM
topologies feasible for GHz frequency band allowing usage for
wireless application. XA Techniques shape the noise away from
the band of interest where they operate by subtracting the
current quantised error signal from subsequent samples [12].
This error feedback causes the XA system to act as a filter with
separate transfer function for the noise and the signal. Higher
ZA orders have greater noise shaping capabilities. [13] and [14]
simulated the 3"order Lowpass ZA scheme to improve the noise
shaping for high frequency application. Noise in the band of
interest is lower but out-of-band noise is larger. The latter must
be removed by an analog output bandpass filter (Figure 1). In
order to keep the BPF’s insertion loss and complexity at a
reasonable level, low XA orders (first/ second) are preferred
Figure 2 and 3. There are three basic XA architectures that have
been proposed in previous work namely Bandpass, Polar, and
Cartesian.

III. COMPARATIVE DESIGN TECHNIQUE ANALYSIS

A Dbandpass filter (BPF) is used to remove the switching
harmonics, leaving the required RF output (Figure 1). [15]
Proposed a bandpass XA modulator used to produce a two-level
(digital) signal representing an analog RF input. Subsequently, a
switching-mode amplifier and bandpass filter are used to amplify
the signal and remove unwanted spectral components. The BPF
is used to remove unwanted spectral components from the output
with a different approach that used the implementation of GaAs
heterojunction bipolar transistor (HBT) technology.
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Figure 1. BPF for RF PWM/PPM output.
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Figure 2. Bandpass XA Architecture [16].
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This design allows the input baseband signal to be sample
rate interpolated to a sampling frequency that is four times the
required RF carrier frequency.
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Figure 3. 2™ order low-pass XA (Bandpass uses Z~instead of Z™).

The quadrature modulation block upconverts the baseband signal
to the RF carrier. The XA filter uses a bandpass structure, which
is obtained by replacing Z' with Z~ in traditional the low pass A
structures.

One problem is that the output signal can have more than one
pulse per half period of the RF carrier. This can potentially
increase switching losses. To solve this problem, the polar ZA
structure was proposed in [10, 17, and 18]. Authors in [10], [17],
and [18] have studied the Polar XA structure in Figure 4. The ZA
filters for the phase signal must be modified to handle the phase
wrap-around. The polar components have a wider bandwidth
than the I-Q components, and this limits the modulation
bandwidth of this structure.
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Figure 4. Polar XA Architecture.

Another problem is unwanted spectral components which
arise when baseband polar signals are upconverted to RF using
PWM/PPM techniques as in Figure 6. [17] Investigated that the
dominant distortions are shown to be 3" order harmonic and
image components generated in the PPM circuit (‘Polar to
PWM/PPM’ block). Cartesian filtering has been introduced in
[18-20] to solve these problems.
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Figure 5. Cartesian XA Architecture.

The Cartesian ZA structure [19] can be seen in Figure 5. It
consists of second-order modulation (MOD2) lowpass XA [12]
for the Cartesian I and Q input signals. After XA filtering I and Q
signals are converted to polar co-ordinates [R, 0] and separately
quantised in the Qg and Qg blocks. The Gain block (normally set



to G=<1) works to improve efficiency (by reducing the number of
switching edges) at the expense of a degraded spectrum [10].
The output of the quantisers are converted back to Cartesian co-
ordinates (removing bandwidth expansion) and fed as feedback
to the XA filters. The outputs of both quantisers are also
upconverted to RF using PWM/PPM techniques in the ‘polar to
PWM/PPM’ block.

While reducing the bandwidth expansion, the Cartesian XA
may still cause unwanted spectral components (Figure 5 and 6).
[20] Established that in a single carrier environment, an increase
in offset frequency increases the unwanted spectral components.
The 3™ order harmonic and image components are the dominant
distortions as shown in Figure 6. The PPM block is responsible
for these distortions.
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Figure 6: SSB output spectrum from a Cartesian XA where the distortions
are from the PWM/PPM. The image and harmonic products are also shown
(£:=1024 MHz and f,=40MHz) [20].

IV. DESIGN PROPOSAL OF OSMPA WITH
DPD CASCADE AND ARCHIEVED RESULTS

Based on previous work by [20], one possible solution is to
introduce digital pre-distortion based on the rate of phase change
of the input signal as in Figure 7. This approach is to try and
eliminate noise and distortion products.

This structure will allow all digital tunability and eliminate
the need for analog components. The design improves the output
spectrum of switched mode RF-PAs using the Cartesian
technique. This involves removing unwanted spectral
components when the carrier frequency of the transmitted signal
is changed. To improve the bandwidth and carrier frequency
range by removing the noise and distortion products.
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Figure 7. Proposed system design.

This will enable operation in the cellular frequency bandwidth,
increasing the applicability of the scheme and will improve
spectral efficiency. To demonstrate the scheme viability, a
prototype is implemented in digital hardware using a field-
programmable gate array (FPGA). The quantization noise in the
signal spectra is shaped by the ZA noise transfer function (NTF)
where the noise power spectral density (PSD) increases as the
frequency deviates from the nominal centre frequency. Pre-
emphasis of the input signal can be used to boost signals that are
offset from the nominal carrier frequency (Figure 8 and Figure
9). This will then compensate the increased noise and distortion
products in this region. Such a scheme is commonly used for
frequency modulation (FM) transmission, but the accuracy of
this technique in this application is yet to be tested.

Output spectrum of "Polar to PWM/PPM" block (without Offset)
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Figure 8.Output of Polar to PWM/PPM block without offset

V. CONCLUSION

So far simulation results have shown that the approach we
have taken will lead to determining where the image and
harmonic products are located in the given bandwidth and hence
eliminate them using the architecture depicted in Figure 7. The
quantization noise in the signal spectra is shaped by the XA noise
transfer function (NTF). The noise power spectral density
(NPSD) increases as the frequency deviates from the nominal
centre frequency. Pre-emphasis of the input signal can be used to
boost signals that are offset from the nominal carrier frequency.
This will then compensate the increased noise and distortion
products in this region. More work will need to be done to fully
optimise the proposed architecture.
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