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Abstract — In this paper, we present a novel single-ended
active integrated bandpass filter employing recursive
principles. This circuit is based upon an original method to
combine input and delayed feedback signals of a first-order
recursive structure thanks to a differential pair
combination. The chip surface is 1.12 mm². The filter
performs a simulated gain close to 10 dB with a 160 MHz
bandwidth. Power consumption is about 32 mW. Noise
figure is 4.6 dB at the center frequency. Philips QUBIC4 Si
BiCMOS technology is used [1].

/combiners [4-7]. In this paper, we propose an original
solution based on the use of a differential structure. Fig. 2
presents the basic principle of the circuit.
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I. INTRODUCTION
Off-chip passive filters are actually widely used in RF
receivers front-ends. However, these filters are often
expensive and occupy an important surface. A promising
alternative solution has found interest through the use of
active integrated filters that can simultaneously replace in
a single chip a bandpass filter and a low noise amplifier.
This approach leads to more compact and lower cost
circuits. Among all the possible implementations and
techniques proposed through articles, recursive and
transversal topologies have been widely developed
because of their low frequency digital origins.
In this article, we propose an original 2 GHz single-ended
first-order recursive filter integrated using a silicon
MMIC process and based on the differential
recombination of input and delayed feedback signals
within the recursive structure.
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Flow graph of a first-order recursive filter
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II. THEORETICAL BACKGROUND
The concept of recursive filters has been mainly
developed at low frequencies for digital applications.
However, as demonstrated in [2], it can also be applied to
microwave analogue filters.
Fig. 1 presents the flow graph of a first-order recursive
filter. For such circuits, the transfer function is expressed
as :

H( f ) =

a0
1 + b1.e − j 2πfτ
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Scheme of a differential-based recursive filter

Considering voltages at the input/output of the circuit,
and in the feedback branch, we can write :

When implementing that kind of filter, one of the major
issues that must be faced is the summation of signals
within the structure. Several different solutions have been
proposed such as voltage matching between the different
elements [3] or lumped and distributed power splitters
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Considering an ideal differential structure (i.e.
common-mode is totally rejected, only differential mode
is present at the output), it can be derived :
+
−
vout
(t ) = −vout
(t )

(3)

and
d
vout
(t ) = Ad .vind (t )
+
−
⇔ vout
(t ) − vout
(t ) = Ad .vin+ (t ) − Ad .vin− (t )

(4)

where Ad represents the differential mode voltage gain.
Then, by injecting (2) and (3) in (4), the voltage gain of
the filter can be written as:

V (f)
=
Gv ( f ) = out
Vin ( f )

−
1+

and optimised using an electromagnetic simulator. In this
way, the main inductor, including its access lines,
performs a series resistance of 0.76 Ω for an inductance
value of 1.5 nH.

Ad
2

Ad − j 2πfτ
.e
2

Moreover, the complete structure also includes
standard single-ended common-emitter structures at each
input of the differential circuit.
The first one is placed at the input of the whole circuit
and acts as an input buffer. It is used to increase isolation,
achieve 50-ohm input matching, and set the overall gain.
The second one, inserted at the output of the passive
delay element, helps to achieve the time shifting, and to
partially compensate losses of the inductor and
capacitors.
Schematic of the complete circuit is presented in Fig. 4.
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Comparing (5) with (1) shows that the structure of Fig.
2 clearly describes a first-order recursive filter response
corresponding to the structure of Fig. 1.
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III. IMPLEMENTATION
To achieve stability, a recursive filter must satisfy the
condition b1 < 1 which, in our case and referring to
equations (1) and (5), leads to Ad / 2 < 1.
This condition implies that the standard differential
amplifier presented in Fig. 2 is not suitable for this
application due to its important voltage gain. The only
possible choice is then to use a differential “commoncollector” structure, so-called because the transistor pair
is connected by the collectors. This structure, presented in
Fig. 3, will ideally exhibit a unity gain, and is also useful
to achieve 50-Ohm output matching, as the output
impedance presented by a common collector structure is
significantly lower than that of a classic common emitter
topology.
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Simplified schematic view of the global circuit

The circuit realised is presented in Fig. 5. Layout
dimensions are 1.12 x 1 mm². However, as it can be seen
in Fig. 5, an important space on the chip is either
occupied by the inductors, or empty (top-right part of the
circuit). The active part, visible at the centre of the chip
occupies only 140 x 100 µm², which represents about 1
percent of the global area.

InOut+

Fig. 3

Fig. 4

Out-

Schematic view of the differential structure

Basically, a recursive filter response selectivity is
directly driven by the delay-time parameter value.
Because of the characteristics of the inductors and
capacitors used for the delay-time (i.e. the losses), the
global selectivity of the filter is generally lower. To
minimise the problem, the inductors have been designed
Fig. 5
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Chip micrograph
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Electromagnetic simulations were performed in order
to ensure the absence of magnetic coupling between the 3
inductors present in the circuit.
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Computed S-parameters of the circuit are presented in
Fig. 6 and Fig. 7. The filter exhibits a 160 MHz 3-dB
bandwidth at 1.96 GHz, with a gain close to 10 dB for a
power consumption of 32 mW. Input and output
matchings are lower than –10 dB for nearly 800 MHz
around the centre frequency. Isolation, which is not
presented here, is greater than 30 dB in the [0.5 ; 3.5]
GHz range. Noise figure is equal to 4.6 dB @ f0.
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IV. MEASUREMENTS
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Fig. 6

Simulated gain and noise figure of the circuit

Fig. 8

Simulated –1dB compression point

Measurements results are presented in Figs. 9 and 10.
They show a good agreement with simulations for
input/output matching, gain and isolation. Centre
frequency was measured at 1.94 GHz, very close to what
had been obtained during simulations. This parameter
confirms the validity of the method used for the design of
the inductors.
However, the circuit is not as selective as awaited at the
lower side of the response (i.e. before the centre
frequency), thus leading to a 260 MHz 3-dB bandwidth
instead of the 160 MHz expected. Noise characterisation
has not been realized yet.
Power consumption is as scheduled with 35 mW at 2.7 V.
The results obtained for the linearity characterisation are
also comparable with simulations, with a –14.5 dBm
output referred –1dB compression point. IP3 was not
measured.
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Simulated input/output matching of the circuit

The -1dB compression point simulation result is
presented in Fig.8. It is obtained for an output power of –
11.7 dBm, and IP3 for 13.31dBm.
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Measured gain of the circuit
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Measured input/output matching

V. CONCLUSION
In this article, we have presented an original singleended first-order recursive filter. The originality of this
work resides in the way of combining the elementary
signals within the structure by using the input ports of a
differential stage. This circuit performs a simulated gain
of 10 dB (9 dB measured) with a 160 MHz bandwidth
(260 MHz measured). Measured power consumption at
2.7V is 32 mW. Simulated noise figure is about 4.6 dB at
the centre frequency. P-1dB is obtained for an output
power of –11.7 dBm. The overall chip surface 1.12 mm².

450

[1] D. Szmyd, R. Brock, N. Bell, S. Harker, G. Patrizi, J.
Fraser, R. Dondero, “QUBIC4 : a silicon RF-BiCMOS
technology for wireless communication Ics”, Proceedings
of the 2001 bipolar/BiCMOS Circuits and Technology
Meeting, pp.60-63
[2] C. Rauscher, “Microwave active filter based on transversal
and recursive principles”, IEEE Transactions on
Microwave Theory and Techniques, vol.33, n°12, dec.
1985, pp.1350-1360
[3] W. Mouzannar, L. Billonnet, B. Jarry, P. Guillon, “A new
design concept for realising highly tunable microwave
filters using recursive principles”, 6th European Gallium
Arsenide and Related III-V Compounds Applications
Symposium Proceedings, 1998
[4] S. Andersson, P. Caputa, C. Svensson, “A tuned,
inductorless, recursive filter LNA in CMOS”, Proceedings
of the 28th European Solid-State Circuits Conference,
2002, pp.351-354
[5] H. Ezzedine, W. Mouzannar, L. Billonnet, B. Jarry, P.
Guillon, “High order low-noise microwave active recursive
filters”,
29th
European
Microwave
Conference
Proceedings, 1999, vol.1, pp.214-217
[6] M. Delmond, L. Billonnet, B. Jarry, P. Guillon, “New
design approach for high-order active recursive filter using
MMIC technology”, 26th European Microwave
Conference Proceedings, 1996, vol .1, pp.405-408
[7] M. Danestig, H. Johansson, A. Ouacha, S. Rudner, “Lownoise active recursive MMIC filters”, IEEE MTT-S Int
Microwave Symposium Digest, 1997, pp.705-708

12th GAAS Symposium - Amsterdam, 2004

