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Absmer - A widebsnd-IF receiver &chitecture is 
described for use in mobile rerminsl~ capable of receiving 
multiple standards Iike CSM, WITS, DECT, etc. The 
architecture uses a single down-conversion and digitizer the 
wmted signal at high intermediste frequencies. The 
widehand nature of the architecture ensures B great 
adaptability to various mobile standards. It denotes a step 
into the direction of a fully reeontigurahte software radio due 
to the shift of the ADC to higher frequencies. The paper is 
focused on the realiiation of the analog part of the receiver. 

For the present state of the art in digital mobile 
communications the wadability of dlfferent standards is 
typical, whereas each standard is characterized in 
p&tic&r by its specific frequency band, bandwIdth and 
pnncrple of access and method of modulatron. merefore 
the utilization of specific transceivers for every standard 
seems to be necessary. 

From the user’s point of view it is preferable to use only 
one receiver for all standards. This is because of costs and 
general convenience. This vismn is called multi-standard 
reception and m this case the device is a multi-mode 
receiver. 

A simple concept for the realization of a multi-mode 
recewer consists in the parallel utilizatmn of several 
separate specific receivers. Each of these receivers 
corresponds to a special standard (Fig. I). 

Clearly due to different reasons (costs, power 
consumption, performance, size, etc.) this concept is not 
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optimal. Therefore powble improvements have to include 
a remarkable reductmn of hardware-effort. 

Basically this is possible by joimng the different single 
standard receivers into one receiver that is able to operate 
in all the frequency bands defined by the different 
standards. Referring to GSM, GPS, DCS 1800, PCS 1900 
‘and UTRA-FDD as standards of interest it follows that the 
receiver has to operate in a frequency range from 
0.88GHz up to 2 I7GHz, corresponding to a wideband- 
receiver behawor. 

Besides of this aspect there are additional challenges. 
Processing different standards by a single recontigurable 
receiver is most suitable when software based 
programmability and extensive Digital SIgnal Processing 
(DSP) are applied. Therefore, sampling the received 
signal as near as possible to the antenna is desirable. 
Because of technological restrictions it is clear that direct 
sampling of the recewed antenna signal sRF is not feasible. 
Therefore, the frequency band of sRF must be down- 
convened down to a value suaable for sampling. Thus, the 
choice of an mtermediate frequency (IF) and the definition 
of a proper architecture 1s the first challenge m the design 
of modem wideband-receivers. 

Well known architectures m this context are Zero-IF 
and Low-IF with an IF in the base-band range [l]-[3]. 
Taking into consideratmn the intrinsic disadvantages of 
these architectures, like dynamic DC-offset, RF-leakage, 
image rejection, they will be dIsregarded in the followmg 
considerations. 

The subsequent investigations are focused basically on 
architectures with at least one frequency down-conversion 
of su to get an IF-signal with frequency fin. In general the 
architecture of such a receiver can be divided into an 
analog and a digital section (Rg. 2). While the second and 
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third stage of the receiver illustrated in Fig. 2 realize 
purely digital signal processing the first stage includes the 
analog RF front-end and performs the @amformation of 
the analog sv into the dIgital sop, Besides sampling the 
basic signal operations of this stage are selection, mixing 
and amplification. These operations must be carried out 
considering wideband demands on the one hand and 
restriction due to the integrated implementation on the 
other hand. This concerns tolerances of the circuit 
components causing non exact parameters of filters, 
mixers and amplifiers. 

The choice of f,p is affected by several conditions. It is 
demanded that the bandwidth of the IF-ngnal should 
cover the whole frequency band of at least one standard. 
On the other hand with regard to subsequent sampling, fiF 
should not be chosen to high. Since the signal will be 
sampled at fir, the required value of fis is determined by 
the Nyquist bandwidth to mamtam a faultless sampling. 
Following the DCS 1800 specification the minimal 
Nyquist bandwidth is 75MHz. 

Although the IF-signal coves the bandwidth of a whole 
standard, only one channel of the standard has to be 
processed by the receiver in a specific case. In respect of 
sampling that means that a narrow band-pass signal needs 
to be treated. Therefore a sub-sampling technique could’ 
be utdized. To ensure suitable conditions for the DSP in 
the base-band we apply sampling in the 2nd Nyquist zone 
(Fig. 3). 

tc Sample freq”e”cy 
I Analog If-signal 
0 Sampled IF-signal in the 1’ Nyquist zone 

Fig. 3 Sampling in the Znd Nyquist zone 

In the following the aspect of image rejection in 
heterodyne architectures is reviewed in the context of an 
application as wideband IF receiver. 

II. CLASSICAL HETERODYNE ARCHITECTURE 

A simple RF front-end based on a classical hcterodyne 
architecture is illustrated in Fig. 4. In contrast to 
homodyne architectures signal power a.t the image 
frequency imposes a serve problem that must be dealt with 
explicitely. Since the image signal power may be much 
higher than the power of the dewed signal the RF front- 

end must provide very high image rejection to maintain a 
reasonable SNR at its output. 

Fig. 4 Classical heteradyne RF front-end 

In the case of a classical heterodyne receiver with a real 
IF-signal sIF (non quadrature heterodyne receiver), the 
rejection of the image signal is carried out completely by 
filtering using a W-BP-filter immediately after the anten- 
na (Fig.4). The advantage of this architecture is the 
simplicity. However, at present it 1s not possible to realize 
a RF-BP to meet the wdeband specifications of image 
rejection [4]. 

One solution to this problem is using heterodync 
receivers with quadrature down conversion. The basic 
characteristic of this type of receiver is the utilization of 
complex signals. From this follows the general ability of 
rejecting the image signal and a great potential for an 
integrated realization [5], [6]. 

III. SINGLE-IF DOUBLE QUADRATURE RECEWER 

The single-IF double quadrature architecture proposed 
in this paper is a suitable concept for the realization of an 
integrated wideband receiver. The use of a single analog 
intermediate frequency results in a simple design with’ a 
high operational reliability of the analog part of the 
receiver. 

The frequency bands of the different standards are 
down-converted to an invariant IF. The main advantage of 
a fixed IF is the simplification of the analog LO-oscillator 

I 
Fig. 5 Dawn-conversion stage with fixed IF frequency 
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Fig 6 Single-IF double quadrature receiver 

needed for the single down-conversion. The LO-oscillator 
is only a simple one-frequency oscillator which can be 
integrated much easier than a tunable LO-oscdlator which 
must realize the channel selection. The general 
architecture of the single down-conversion stage for usage 
in a multi-standard receiver 1s illustrated in Fig. 5. 

The received IF-signal is characterized by a wideband 
signal with variable bandwidth according to the received 
mobile standard. Therefore the IF band-pass filter, which 
has the function of anti-ahasing and a partial channel 
filtering, needs also a variable bandwidth. Due to the 
required high IF the integrated realization of such a filter 
is one problem of this architecture. 

The selection of the desired channel in the IF band is 
realized by the ADC itself. We favor two different 
mechanisms for the realization of this functmn: 

- Tunable clock-frequency of a BP-ZA-ADC 
- Variable conversion characteristic of a BP-ADC 

(tunable filter coefficients of the ADC) 

The problem of image rejection is solved using 
quadrature RF- and LO-signals (Fig. 6). These signals are 
provided by quadrature networks. Due to the wdeband 
nature of the signals the quadrature networks are 
preferably realized as passive polyphase filters [7], [S]. 
Compared with a single quadrature receiver architecture 
(only the LO-signal is a quadrature signal) now a certain 
value of image rejection can be obtained with greater 
phase- and magnitude-errors in the quadrature networks. 
The image rejection ratio IRREQ can be described by the 
following expression. 

AA magnitude mm, A+ phase error 

Fig. 7 shows the dependency of the IF&J on 
AA=AAw=AAA,=O.OI and A+wna. For instance, the 
image rejection is 40dB for a phase error of lo and a 
magnitude error of 0.1% in a single quadrature receiver. 
To get the same value of image rejection in a double 
quadrature architecture the phase errors A$XJ and AGo 
must be lower then 10” and the magnitude errors 
AA=AAw=AALo must be lower then 1% (see Fig. 7). 

Fig. 7 RR as a function ofphasc- and magnihlde 
errors in a double quadrature receiver 
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BP-characteristic of the RF-Systemfilters 
PSD 

enhanced requirements frequency-shifted IF-SPcharacterlstic 
1 

to the RF-system filter (Anti-Aliasing + partlo channel filter ‘s,,.,. 

Indices: 00s out of band, IB in band, ID.4 image, DR ,,. dynamic range 

Fig. 8 Image rejection requwnents of the RF-BP in the quadrature receiver 

This behavior is an important advantage in respect of a 
fully integrated solution. Thus, it IS not necessary to 
compensate possible phase- and magnitude errors in the 
receiver cham to unprove the image reJection. 

Due to the excellent image rejection of the architecture 
the requirements of the RF-system filter (RF-BP) wth 
respect to the suppression of image signals are also 
relaxed. Fig. 8 shows that the minimal attenuation is 
determined by the greatest spurious signal at the input of 
the ADC. This is only a small additional. requirement 
compared to the remaining p&s of the frequency band. 

IV. CoNCLUsloN 

Next generation broadband wireless communicatmn 
devices require a re-configurable multi-standard receiver. 
A wideband receiver architecture suItable for a fully 
mtegration has been presented. It’s considered an 
alternative to the Zero-IF architectures widely employed 
today. Due to the shift of the ADC to higher frequencies 
the proposed heterodyne receiver architecture is a step 
into the direction of fully recontigurable software radio. 
The work is currently in progress to demonstrate its 
capability in practice. 

This research was supported by Siemens AG Munich, 
lnfomxaon and Communication Mobile, Mobile Phones. 
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