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FILTER SWITCHING SYSTEM AND METHOD 

FIELD OF THE INVENTION 

0001. This invention relates to communication systems 
and more specifically to communication transmitters and 
receivers which are capable of Switching their channel 
frequency bandwidth. 

BACKGROUND OF THE INVENTION 

0002. In many communication applications it is desirable 
to employ radio receivers and transmitters which utilize 
variable filter bandwidths. For example, indoor wireless 
telephones and wireless local area networks WLANs, 
require such variable filter bandwidths. 
0.003 Typically, systems that employ variable filter band 
widths are designed to include a plurality of filters with 
different frequency characteristics. One filter or a group of 
filters are then electronically Selected to process a commu 
nication Signal by employing one or more Switches that 
route the Signal to the appropriate Set of filters. 

0004. As will be explained in more detail in reference 
with FIG. 1, such filter Switching arrangement may be 
implemented, for example, in frequency multiplication Stage 
of a transmitter or a receiver System. Typically, a mixer is 
employed to shift the frequency range of an incoming Signal. 
In the case of a receiver, the mixer is used to shift down a 
high frequency Signal to a lower frequency range. A Switch 
is configured to receive the output signal from the mixer and 
route this output Signal to an appropriate filter. 

0005 Such filter Switching arrangement may also be 
implemented, for example, in a signal amplification Stage. 
Typically, two or more filters with different frequency char 
acteristics are configured to receive an amplified Voltage 
Signal via a Switch. 
0006. One disadvantage with this switching configuration 
is that the use of Switches in combination with mixers or 
amplifiers introduces Signal distortions that leads to higher 
error rates. Furthermore, the termination impedances of each 
filter require to be substantially the same and match with the 
termination impedance of the mixer or amplifier output 
Stage. However, it is Sometimes difficult to design filters 
with different frequency bandwidths that exhibit substan 
tially the same termination impedance. 

0007 Thus, there is a need for a communication system 
that employs variable filter bandwidths and has substantially 
no distortion due to the use of Switches for routing Signals 
to various filters. 

SUMMARY OF THE INVENTION 

0008. In accordance with an exemplary embodiment of 
the present invention, a communication System with variable 
filter bandwidth comprises a first mixer circuit configured to 
receive a communication signal and shift the frequency 
range of the communication Signal to a first frequency range; 
a Second mixer circuit configured to receive the communi 
cation Signal and shift the frequency range of the commu 
nication signal to a Second frequency range; an activation 
Signal coupled to the first and Second mixer circuit So as to 
activate one of the mixer circuits, a plurality of filter circuits 
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each configured to receive a signal from a corresponding 
mixer circuit, when the corresponding mixer circuit is acti 
Vated. 

0009. In accordance with another exemplary embodiment 
of the present invention, a communication System with 
variable filter bandwidth comprises a plurality of Gilbert 
cells configured to receive a communication Signal and a 
multiplying Signal; a plurality of filters having a prespecified 
bandwidth such that each of the filters is configured to 
receive a signal from a corresponding Gilbert cell. Further 
more, each Gilbert cell is configured to go to an active State 
when it receives an activation Signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 illustrates a block diagram of a communi 
cation system with variable filter bandwidth in accordance 
with one embodiment of the present invention; 
0011 FIG. 2 illustrates a schematic diagram of a prior art 
mixer circuit typically known as a Gilbert cell; 
0012 FIG. 3 illustrates a schematic diagram of a mixer 
cell employed in a communication System with variable 
filter bandwidth in accordance with one embodiment of the 
present invention. 
0013 FIG. 4 illustrates a schematic diagram of a mixer 
cell employed in a communication System with variable 
filter bandwidth in accordance with another embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0014 FIG. 1 is a block diagram of a communication 
system 10 with variable filter bandwidth in accordance with 
an exemplary embodiment of the present invention, 
although the invention is not limited in Scope in that respect. 
Communication System 10 may be a receiver that is con 
figured to receive frequency signals via antenna 12. The 
output port of antenna 12 is coupled to an input port of a high 
frequency mixer Stage 16. 
0015 High frequency mixer stage 16 includes an ampli 
fier 14 configured to receive the Voltage Signal provided by 
antenna 12. The output port of amplifier 14 is coupled to a 
plurality of mixer circuits, Such as 20 and 22 respectively. 
An active control circuit 18 provides activation Signals via 
its output ports to mixer circuits 20 and 22. Each activated 
mixer circuit receives a communication signal via antenna 
12 and multiplies that Signal by a signal generated via a local 
oscillator (not shown). 
0016. The output port of each mixer circuit, such as 24 
and 26 is coupled to a corresponding filter circuit Such as 28 
and 30. Each filter circuit is configured to provide a different 
prespecified bandpass frequency range. The output port of 
each filter circuit is coupled to an input port of a low 
frequency Stage 40 of communication System. 10, Such as 
ports 32 and 34. 
0017 Low frequency stage 40 includes a switch 36 
configured to receive the Signal provided by one of the filter 
circuits such as 28 and 30. The output port of Switch 36 is 
coupled to an input port of an output amplifier 38. The 
output port of amplifier 38 provides a filtered signal output 
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that may be employed by the remainder circuitry of com 
munication system 10 (not shown). 
0.018. During operation, active control circuit 18 activates 
one of the mixer circuits, Such as 20 or 22, depending on the 
filter that is intended to be used. The activated mixer circuit 
shifts the frequency range of the received Signal via antenna 
12 to a prespecified frequency range. The output port of the 
activated mixer circuit provides a voltage Signal to the input 
port of the filter that is intended to be used. For example, 
when active control circuit 18 activates mixer circuit 20, the 
output port of mixer circuit 20 provides a Voltage Signal to 
filter 28 via output port 24. Meanwhile, Switch 36 is coupled 
to input port 32 So as to receive the filtered Voltage Signal 
provided by filter 28. 

0019. It is noted that each of the mixer circuits may be 
configured to shift the incoming communication Signal via 
antenna 12, to the same frequency range or a different 
frequency range. This may be accomplished by employing 
components in the mixer circuit with the same or different 
characteristics. To this end, a first mixer circuit may provide 
a first frequency range. A Second mixer circuit may provide 
a Second frequency range that is Substantially the same as the 
first frequency range or is different from the first frequency 
range and So forth. 

0020. It is also noted that in accordance with another 
embodiment of the invention, Switch 36 may connect the 
output ports of filter 28 and 30 to amplifier 38 simulta 
neously. Because, only the activated mixer provides a Volt 
age Signal, the Signal path comprising the non-activated 
mixer, and the corresponding filter would not carry a Voltage 
Signal. Therefore, amplifier 38 receives a voltage Signal only 
from the path that comprises an activated mixer and the 
corresponding coupled filter. However, this approach may 
cause croSS-interference between permanently connected 
filters, and may not be desirable in certain applications. 
0021 FIG. 2 is a schematic diagram of a mixer circuit 
referred to as a Gilbert cell. The operation of Gilbert cells are 
well-known and described in NEC product specification for 
Transistor Array UPA101B and UPA101G. and in NEC 
product specification for 900 MHZ Silicon MMIC Down 
Converter UPC1687G, and NEC product specification for 
Double-Balanced Mixer and Oscillator NE612 (Nov. 3, 
1987), all of which are incorporated herein by reference. 
0022. As illustrated in FIG. 2, a Gilbert cell 58 includes 
at least two differential input ports such as 60-62 and 64-66, 
configured to receive the Signals which are intended to be 
multiplied. For example, ports 60-62 are configured to 
receive a communication signal received via via antenna 12 
of FIG. 1, and ports 64-66 are configured to receive a 
multiplying Signal received from the output port of a local 
oscillator (not shown). Port 68 is configured to receive an 
activation signal So as to activate the multiplication opera 
tion of the Gilbert cell. The resulting signal is provided at a 
differential output port such as 70-72. 
0023. Differential input ports 60-62 provide the commu 
nication signal to a couple of differential pair amplifiers 
comprising of n-p-n bipolar transistors 80-82 and 84-96 
respectively. The emitter terminals of transistors 80 and 82 
are coupled together. Similarly the emitter terminals of 
transistors 84 and 86 are coupled together. The base terminal 
of transistor 80 and 86 are coupled together and to port 62. 
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Similarly, base terminals of transistors 82 and 84 are coupled 
together and to port 60. The collector terminals of transistors 
80 and 84 are coupled together and to port 70. Similarly, the 
collector terminals of transistors 82 and 86 are coupled 
together and to port 72. 

0024. A differential input pair comprising of transistors 
78 and 76 are configured to receive multiplication signal via 
ports 64 and 66 respectively. The emitter terminal of tran 
sistor 78 is coupled to the emitter terminal of transistor 76. 
The collector terminal of transistor 78 is coupled to the 
emitter terminals of transistors 80 and 82. Similarly the 
collector terminal of transistor 76 is coupled to the emitter 
terminals of transistors 84 and 86. The base terminal of 
transistor 78 is coupled to port 64. Similarly, the base 
terminal of transistor 76 is coupled to port 66. 

0025. An activating Switch defined by transistor 74 is 
configured to receive an activation Signal via port 68 of 
Gilbert cell 58. The collector terminal of transistor 74 is 
coupled to the common emitter terminal of transistors 78 
and 76 respectively. The collector terminal of transistor 74 
is coupled to ground. 

0026. During operation, all transistors are appropriately 
biased. A signal received at ports 60-62 is then multiplied by 
a signal received at ports 64-66, whenever transistor 74 is 
“ON.” The resultant multiplied signal is provided at ports 
70-72. 

0027. It is noted that the invention is not limited in scope 
to bipolar transistors employed in the exemplary Gilbert cell 
illustrated in FIG. 2 and other types of transistors such as 
MOSFETs or FETs may be employed in accordance with 
other embodiments of the invention. 

0028 FIG. 3 illustrates a schematic diagram of a mul 
tiple Gilbert cell in accordance with an exemplary embodi 
ment of the present invention. As illustrated in FIG.3 a first 
Gilbert cell as described in FIG. 2 is employed to receive 
signals at ports 60-62 and 64-66 respectively, and to provide 
a multiplied signal at output ports 70-72. A second Gilbert 
cell is coupled to the first Gilbert cell. Thus, a couple of 
differential pairs comprising of transistors 110-112 and 
114-116 are configured to receive a Voltage Signal via ports 
60-62. The base terminal of transistor 86 is coupled to the 
base terminal of transistor 110 and transistor 116. Similarly, 
the base terminal of transistor 112 is coupled to the base 
terminal of transistor 14 and to the base terminals of 
transistors 84 and 82. The emitter terminals of transistors 
110 and 112 are coupled together, and, the emitter terminals 
of transistors 114 and 116 are coupled together. The collector 
terminals of transistors 110 and 114 are coupled to an output 
port 118. The collector terminals of transistors 112 and 116 
are coupled to an output port 120. 

0029. The base terminal of transistor 106 is coupled to 
the base terminal of transistor 78 and to input port 64. 
Similarly, the base terminal of transistor 108 is coupled to 
the base terminal of transistor 76 and to input port 66. The 
collector terminal of transistor 106 is coupled to the collec 
tor terminal of transistors 10 and 112. Similarly, the collector 
terminal of transistor 108 is coupled to the emitter terminal 
of transistors 114 and 116. 

0030) The emitter terminal of transistors 106 and 108 are 
coupled together and to the collector terminal of an activat 
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ing Switch defined by transistor 122. The base terminal of 
transistor 122 is coupled to receive an activation Signal via 
port 104. 
0031. During operation, each cell in the multiple Gilbert 
cell 102 may be activated, while the rest are deactivated. For 
example, when transistor 74 is “ON,” and transistor 122 is 
“OFF,” output ports 70-72 provide a multiplied signal result 
ing from the multiplication of signals received at ports 60-62 
and 64-66. When transistor 122 is “ON,” and transistor 74 
is “OFF,” output ports 118-120 provide a multiplied signal 
resulting from the multiplication of Signals received at ports 
60-62 and 64-66 respectively. 
0032) Output ports 70-72, in accordance with one 
embodiment of the present invention, may be coupled to a 
filter, such as 28 of FIG. 1. Similarly, output ports 118 and 
120 may be coupled to a second filter, such as 30 of FIG. 1, 
which has different frequency characteristics than filter 28. 
Whenever, it is desired to filter the incoming signal via filter 
28, for example, an activation signal is provided via port 68 
So as to activate the corresponding first Gilbert circuit, and 
a deactivation Signal is provided via port 104 So as to 
deactivate the corresponding Second Gilbert circuit in mul 
tiple Gilbert circuit 102. Furthermore, whenever it is desired 
to filter the incoming Signal via filter 30, for example, an 
activation Signal is provided via port 104 So as to activate the 
corresponding Second Gilbert circuit, and a deactivation 
Signal is provided via port 68 So as to deactivate the 
corresponding first Gilbert circuit. 

0033. It is noted that the termination impedance of each 
of the Gilbert cells employed in a multiple Gilbert cell, such 
as 102 may be configured So that it matches the input 
impedance of the corresponding filter configured to receive 
a signal from a Gilbert cell. In accordance with this optimal 
matching arrangement, the distortion rate of Signals travel 
ing through a Gilbert cell and its corresponding filter circuit 
reduces Substantially. 

0034). It is further noted that although FIG. 3 illustrates a 
multiple Gilbert cell with two individual Gilbert cells, the 
invention is not limited in Scope in that respect. For example, 
a variable bandwidth system may be employed with a 
plurality of filters having different frequency characteristics. 
In that event, a multiple Gilbert cell having the same number 
of Gilbert cells as the number of filters may be employed. 
Each Gilbert cell is coupled to a corresponding filter via its 
output ports. 

0.035 FIG. 4 illustrates a schematic diagram of a mul 
tiple Gilbert cell 130 employed in a communication system 
with variable filter bandwidth in accordance with another 
embodiment of the present invention. As illustrated the first 
and second mixer circuit in mixer cell 130 are activated by 
an activation Signal received via port 68. 

0036) The base terminals of transistors 78 and 106 are 
coupled to input port 64 via biasing capacitors 146, and 138 
respectively, and, the base terminals of transistorS 76 and 
108 are coupled to input port 66 via biasing capacitors 140 
and 132 respectively. The base terminals of transistors 78 
and 76 are also coupled to activation port 68 via biasing 
resistors 144 and 142 respectively. The base terminals of 
transistors 106 and 108 are coupled to activation port 68 via 
an inverter 124 and via biasing resistors 136 and 144 
respectively. Inverter 124 is configured to provide to the 
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Second mixer circuit an inverted version of the Signal 
provided to the first mixer circuit. To this end, when acti 
vation signal provided to port 68 is “HIGH,” the first mixer 
circuit is activated and the Second mixer circuit is deacti 
Vated. Conversely, when the activation Signal provided to 
port 68 is “LOW,” the first mixer circuit is deactivated and 
the Second mixer circuit is activated. 

0037. It is noted that in accordance with one embodiment 
of the present invention, the components described herein 
may be employed in an integrated circuit arrangement. 
0038. Thus, in accordance with an exemplary embodi 
ment of the present invention, a multiple Gilbert cell may be 
utilized to avoid the need of a Switch that couples the output 
of a mixer to one of the plurality of filters. The Switching 
between the outputs of the multiple Gilbert cell is performed 
by activating one Gilbert cell and deactivating the plurality 
of the remaining Gilbert cells. 
0039. As mentioned before, instead of Gilbert cells, in 
accordance with another embodiment of the invention, a 
plurality of active circuits Such as signal amplifiers may be 
configured to provide Signals to a corresponding filter that 
receives the output Signal of the active circuit. The plurality 
of the active circuits receive the Same input Signal and only 
the active circuit that is turned “ON,” provides an output 
Signal to the corresponding filter. The remaining active 
circuits that are turned “OFF,” provide no output signals to 
their corresponding filters. 
0040. While only certain features of the invention have 
been illustrated and described herein, many modifications, 
Substitutions, changes or equivalents will now occur to those 
skilled in the art. It is therefore, to be understood that the 
appended claims are intended to cover all Such modifications 
and changes as fall within the true Spirit of the invention. 

I claim: 

1. A communication system with variable filter bandwidth 
comprises: 

a first mixer circuit disposed within a high frequency 
integrated circuit having input ports configured to 
receive a first communication signal and shift the 
frequency range of Said communication Signal to a first 
frequency range; 

a Second mixer circuit disposed within Said high fre 
quency integrated circuit having input ports configured 
to receive Said first communication signal and shift the 
frequency range of Said first communication Signal to a 
Second frequency range; 

an amplifier coupled to Said first and Second mixer circuits 
for providing Said first communication Signal to Said 
first and Second mixer circuits, 

an activation circuit coupled to the first and Second mixer 
circuits So as to provide an activation Signal that 
Selectively activates any one of the mixer circuits, 

first and Second filter circuits each configured to receive 
a signal from Said first and Second mixer circuits, when 
a corresponding one of Said mixer circuits is activated 
and to provide a Signal to a low frequency integrated 
circuit, and 
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wherein when one of Said mixer circuits is activated, the 
remaining mixer circuit does not generate an output 
Voltage signal. 

2. The invention in accordance with claim 1 wherein Said 
first and Second frequency range are Substantially the same. 

3. The invention in accordance with claim 1 wherein said 
filter circuits are bandpass filters. 

4. The invention in accordance with claim 3 wherein the 
frequency characteristics of Said bandpass filters are differ 
ent from each other. 

5. The invention in accordance with claim 4, wherein the 
termination impedance of the output Stage of each of Said 
mixer circuits Substantially matches the termination imped 
ance of the input Stage of each one of Said bandpass filters. 

6. In a communication System, a method for routing a 
Signal provided by a mixer circuit disposed in a high 
frequency integrated circuit to one of a plurality of filter 
circuits, Said method comprising the Steps of: 

receiving a communication signal via a first amplifier and 
providing Said communication Signal to a plurality of 
mixing circuits for shifting the frequency range of Said 
communication signal; 

providing an activation signal generated by an activation 
circuit that Selectively activates any one of Said mixer 
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circuits while remaining mixer circuits does not gen 
erate an output Voltage Signal; and 

coupling a plurality of filter circuits to Said mixer circuits 
Such that each of Said filter circuits is configured to 
receive a Signal from a corresponding mixer circuit, 
when Said corresponding mixing circuit is activated and 
to dispense a signal to a low frequency integrated 
circuit. 

7. The method in accordance with claim 6 wherein said 
Step of shifting the frequency range further comprises the 
Step of shifting the frequency range via each mixer circuit to 
Substantially the same frequency range. 

8. The method in accordance with claim 7 further com 
prising the Step of bandpass filtering Said Signal provided by 
Said activated mixer circuit via a corresponding one of Said 
filter circuits. 

9. The invention in accordance with claim 8, further 
comprising the Step of Substantially matching the termina 
tion impedance of the output Stage of each of Said mixer 
circuits with the termination impedance of the input stage of 
each one of Said bandpass filters. 


