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TRANSCONDUCTOR AND FILTER CIRCUIT 

ABSTRACT OF THE DISCLOSURE 

5 A transconductor and filter circuit is described. In one embodiment, a front end 
module within the transconductor and filter circuit converts a differential input voltage 
signal into a differential output current and supplies the output current at a 
differential output. A filter module coupled to the differential output of the front end 
module receives the differential output current, converts the output current into an 

10 intermediary differential voltage, and filters the differential voltage to obtain a filtered 
differential output voltage signal having low output impedance.
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TRANSCONDUCTOR AND FILTER CIRCUIT 

5 

TECHNICAL FIELD 

The invention relates generally to the field of electronic circuits, and more 

particularly, to a transconductor and filter circuit.  

10 BACKGROUND OF THE INVENTION 

Numerous circuits are known, which are intended to provide conversion of a 

differential voltage input signal into an output current. These circuits have proven 

value in a variety of ever expanding communications applications. One example of 

such circuits is a triple differential amplifier that uses parallel- or series-connected 

15 sets of differential pairs of bipolar transistors whose inputs and outputs are 

connected in parallel, as described in detail in "The Multi-tanh Principle: A Tutorial 

Overview," by Barrie Gilbert, published in the IEEE Journal of Solid-State Circuits, 

Vol 33, No. 1, January 1998, and incorporated by reference herein.  

20 Since the output impedance of such circuits is typically high, solutions have been 

proposed to lower the output impedance by, for example, buffering the output of the 

circuit with a pair of emitter followers. However, these solutions do not appear to 

offer low pass filtering capabilities within the circuit without an increase in power 

consumption, Thus, there is a need for a circuit that lowers the output impedance 

25 and merges the low pass filtering function in the circuit, without adding significant 

complexity or power consumption.  

SUMMARY OF THE INVENTION 
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In accordance with a first aspect, the present invention provides a circuit comprising: 
a front end module for converting a differential input voltage signal into a 

differential output current and for supplying said output current at a differential output; 
a filter module coupled to said differential output of said front end module for 

5 receiving said output current, converting said output current into a differential voltage 
and for filtering said differential voltage to obtain a filtered differential output voltage 
signal; 

wherein said filter module further comprises: 
a plurality of resistor devices, a first end of each resistor device directly 

10 coupled in series to a respective line of said differential output of said front end module; 
a plurality of emitter followers, a base of each emitter follower directly coupled 

to a second end of each of said resistor devices; 
a plurality of capacitor devices, a first end of each capacitor device directly 

coupled to a respective line of said differential output of said front end module and a 
15 second end of each capacitor device directly coupled to a respective emitter of said 

emitter followers; and 
a further capacitor device coupled between each base of the emitter followers.  

In accordance with a second aspect, the present invention provides a method to 
20 manufacture a circuit comprising the steps of: 

coupling a filter module to a differential output of a front end module; 
said front end module for converting a differential input voltage signal into a 

differential output current and supplying said output current at said differential output; 
said filter module for receiving said output current, converting said output 

25 current into a differential voltage, and filtering said differential voltage to obtain a filtered 
differential output voltage signal; 

wherein said step of coupling said filter module further comprises the steps of: 
coupling in series a plurality of resistor devices to said differential output of said 

front end module, a first end of each resistor device coupled to a respective line of said 
30 differential output; 

coupling an emitter follower to a second end of each of said resistor devices; 
coupling a plurality of capacitor devices between: 
(a) said differential output of said front end module, each capacitor device 

coupled to one line of said differential output; and 
35 (b) said emitter followers, each capacitor device coupled to an emitter of 

each of said emitter followers; and 
coupling a further capacitor device between respective bases of said emitter 
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followers.  

In accordance with a third aspect, the present invention provides a method comprising 
the steps of: 

5 converting a differential input voltage signal into a differential output current; 
converting said output current into a differential voltage output; 
filtering said differential voltage output to obtain a filtered differential output 

voltage signal; 
wherein said step of filtering further comprises the steps of: 

10 coupling in series a plurality of resistor devices to said differential voltage 
output, a first end of each resistor device coupled to a respective line of said differential 
voltage output; 

coupling an emitter follower to a second end of each of said resistor devices; 
coupling a plurality of capacitor devices between: 

15 (a) said differential voltage output of said front end module, each capacitor 
device coupled to one line of said differential voltage output; and 

(b) said emitter followers, each capacitor device coupled to an emitter of 
each of said emitter followers; and 

coupling a further capacitor device between respective bases of said emitter 
20 followers.  

In accordance with a fourth aspect, the present invention provides a circuit comprising: 
means for converting a differential input voltage signal into a differential output 

current; 
25 means for converting said output current into a differential voltage; 

means for filtering said differential voltage to obtain a filtered differential output 
voltage signal; 

wherein said filter means further comprises: 
a plurality of resistor devices, a first end of each resistor device directly 

30 coupled in series to a respective line providing said differential voltage; 
a plurality of emitter followers, a base of each emitter follower directly coupled 

to a second end of each of said resistor devices; 
a plurality of capacitor devise, a first end of each capacitor device directly 

coupled to a respective line providing said differential voltage and a second end of each 
35 capacitor device directly coupled to a respective emitter of said emitter followers; and 

a further capacitor device coupled between each base of the emitter followers.  
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In accordance with a fifth aspect, the present invention provides a machine-readable 
media storing a description of a circuit and containing executable instructions, which, 
when executed, cause a machine to emulate said circuit to perform a method 
comprising the steps of: 

5 converting a differential input voltage signal into a differential output current; 
converting said output current into a differential voltage; 
filtering said differential voltage to obtain a filtered differential output voltage 

signal; 
wherein said step of filtering further comprises the steps of: 

10 coupling in series a plurality of resistor devices to said differential voltage, a 
first end of each resistor device coupled to a respective line providing said differential 
voltage; 

coupling an emitter follower to a second end of each of said resistor devices; 
coupling a plurality of capacitor devices between: 

15 (a) said differential voltage, each capacitor device coupled to a respective 
line providing said differential voltage; and 

(b) said emitter followers, each capacitor device coupled to an emitter of 
each of said emitter followers; and 

coupling a further capacitor device between respective bases of said emitter 
20 followers.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating a multistage transconductor and filter circuit 
25 according to an exemplary embodiment of the invention; 

Figure 2 is a circuit diagram illustrating an exemplary prior art front end module within 
one stage of the multistage transconductor and filter circuit; 

30 Figure 3 is a graph illustrating the effective transconductance as a function of the 
differential input voltage for the prior art front end module; 

Figure 4 is a circuit diagram illustrating a transconductor and filter circuit according to 
an exemplary embodiment of the invention; 

35 
Figure 5 is a graph illustrating the total transconductance for the transconductor and 
filter circuit according to an exemplary embodiment of the invention; 
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Figure 6 is a graph illustrating the effective gain for the transconductor and filter 

circuit according to an exemplary embodiment of the invention; 

Figure 7 is a graph illustrating the voltage gain of a fourth order Butterworth filter for 

5 various values of a control current IAGC according to an exemplary embodiment of 

the invention.  

Figure 8 is a flow diagram illustrating a method for low pass filtering within the 

transconductor and filter circuit according to an exemplary embodiment of the 
10 invention, 

DETAILED DESCRIPTION 

Figure 1 is a block diagram illustrating a multistage transconductor and filter circuit 

15 according to an exemplary embodiment of the invention. As illustrated in Figure 1, 
the multistage transconductor and filter circuit 100 includes multiple similar stages 

101. In one embodiment, each stage 101 is a transconductor and filter circuit, which 

includes a front end module 102 coupled to a filter module 103, as described in 
further detail below. In an alternate embodiment, the front end module 102 and the 

20 filter module 103 may be implemented on separate circuits.  

The front end module 102 receives a differential input voltage signal (VIN) 111 and 
converts the differential input voltage signal 111 into a differential output current 
(louT) 112. The filter module 103 receives the differential output current 112 and 

25 outputs a differential output voltage signal (VoUr) 113, which is further supplied to a 
subsequent stage 101 within the multistage transconductor and filter circuit 100 
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Figure 2 is a circuit diagram illustrating an exemplary prior art front end module 

within one stage of the multistage transconductor and filter circuit, As illustrated in 

Figure 2, the front end module 102 is a differential amplifier, such as, for example, a 

5 triple differential amplifier or "triplet" circuit, as described in further detail in "The 

Multi-tanh Principle: A Tutorial Overview," by Barrie Gilbert, published in the IEEE 

Journal of Solid-State Circuits, Vol. 33, No. 1, January 1998, and incorporated by 

reference herein.  

10 The front end module 102 includes one or more differential transistor pairs 

configured to convert VIN 111 into IOUT 112. The front end module 102 shown in 

Figure 2 includes three differential pairs of transistors 201-202, 203-204, and 205

206, having inputs and outputs coupled in parallel. The emitters of each differential 

transistor pair 201-202, 203-204, 205-206 are coupled to corresponding collectors of 

15 transistors 207, 208, 209. The bases of transistors 207, 208, 209 are coupled to 

receive a bias voltage Ve1As. In one embodiment, the outer differential pairs 201-202 

and 205-206 have opposing emitter-area ratios of A and operate at equal tail 

currents. The center differential pair 203-204 has equal emitter areas, such that a 

transconductance value gm of the circuit 102 is centered at VIN=O. The emitter bias 

20 current transmitted to this center pair 203-204 is set to K times the emitter bias 

current transmitted to the outer pairs, where K is a factor less than 1. For different 

values of A and K and in order to minimize distortion, the incremental 

transconductance gm for the circuit 102 can be maintained at a nearly constant value 

over a wide range of the differential input voltage signal VIN 111. The gm value for 

25 VIN=O can be determined as follows: 
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91u = go x - xl( A) + K 2+ K (1+ A)z 

where gmo is the gM that would result with A=1, that is using the total tail current in a 

single differential transistor pair. gm can be calculated as follows: 

MQ = 

5 where q is the election charge, Ic is the total current, k is the Boltzmann constant, 
and T is the temperature in Kelvins (K).  

Figure 3 is a graph illustrating the effective transconductance gm as a function of the 
differential input voltage VIN 111 for the prior art front end module 102. As illustrated 

10 in Figure 3, the graphic representations 301, 302, and 303 correspond to the 

differential transistor pairs 201-202, 203-204, and 205-206, respectively, and are 

offset due to the performance of each respective differential transistor pair. A 
composite graphic representation 304 illustrates the transconductance gm of the 

front end module 102 as a function of the differential input voltage VIN 111 
15 

Figure 4 is a circuit diagram illustrating a transconductor and filter circuit 101 
according to an exemplary embodiment of the invention. As illustrated in Figure 4, 
in one embodiment, the transconductor and filter circuit 101 includes a front end 
module 102 similar to the front end module described in detail in connection with 

20 Figure 2, having three differential pairs of transistor devices 401-402, 403-404, and 
405-406, having inputs and outputs coupled in parallel. Alternatively, the circuit 101 
may include any number of differential transistor pairs. The emitters of each 
differential transistor pair 401-402, 403-404, 405-406 are coupled to corresponding 
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collectors of transistor devices 407, 408, 409. The bases of transistor devices 407, 
408, 409 are coupled to receive a bias voltage VSiAs

In one embodiment, the differential output current 112 is supplied to the filter module 

5 103 -at the output of the front end module 102. The filter module 103 includes 

resistor devices (R,) 411, 412, 413 and 414. Each resistor device 411, 412 is 

coupled from Vcc to each output current 112. This arrangement converts the 
differential output current 112 into an intermediary differential voltage. Each resistor 
device 413, 414 is coupled in series to one line of the differential output of the front 

10 end module 102. In one embodiment, the resistor devices 411, 412, 413 and 414 
have an identical resistance value R1. The filter module 103 further includes 

capacitor devices 415 and 416 coupled to the corresponding resistor devices 413 
and 414. A further capacitor device 417 is coupled between the two resistor devices 

413 and 414. In one embodiment, the capacitor devices 415 and 416 have an 
15 identical capacitance value C1 and the capacitor device 417 has a capacitance value 

Cz. In an alternate embodiment, the resistor devices 413, 414 and the capacitor 
devices 415, 416, and 417 may be implemented on a separate circuit coupled to the 
front end module 102.  

20 The differential voltage is further supplied to a pair of emitter followers 418, 419.  
The voltage gain of the emitter followers 418, 419 has a value of less than 1 and 
provides a low output impedance to drive a subsequent stage 101. The base of 
each transistor device 418, 419 is coupled to a respective resistor device 413, 414.  
The emitter of each transistor device 418, 419 is coupled to a corresponding 

25 collector of transistor devices 421, 422, which have their bases coupled to receive a 
bias voltage veAs.  
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In one embodiment, the transfer function of the circuit 101 is calculated as follows: 

T(S)= a " xR 
S'7aS ' 

where 9m is the effective transconductance of the circuit 101; co is the corner 

5 frequency of the filter module 103; a is a coefficient determined by the selection of 

the resistance R1, and of the capacitances C1, and C2, and gmRi is the effective gain 

of the circuit 101. The low pass filter function can thus be implemented with a 
voltage gain of gmR,.  

10 Figure 5 is a graph illustrating the total transconductance for the transconductor and 
filter circuit 101 according to an exemplary embodiment of the invention. As shown 

in Figure 5, the total transconductance gm, as a function of the differential input 

voltage VIN 111, is a- composite of the transconductance values for the 
corresponding differential transistor pairs 401-402, 403-404, 405-406, which are 

15 displaced in center voltage. By broadening the transconductance over the 

differential input voltage VIN 111, the circuit 101 has a broader signal handling range 

before it becomes non-linear.  

Figure 6 is a graph illustrating the effective gain for the transconductor and filter 
20 circuit 101 according to an exemplary embodiment of the invention. In one 

embodiment, the effective gain of the circuit 101, which is defined as the differential 

voltage across the two resistors 411 and 412 divided by the differential input voltage 
111, is a function of the transconductance gm times the value R1 of the resistors 411, 
412.  
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Figure 7 is a graph illustrating the voltage gain of a fourth order Butterworth filter for 

various values of a control current IAcc according to an exemplary embodiment of 

the invention. As shown in Figure 7, in one embodiment, the voltage gain, in 

5 decibels (dB). varies for a control current IAGc between 0 and 50 microAmpers (puA).  

However, the filter characteristics remain unchanged and are independent of the 
voltage gain.  

In one embodiment. a fourth order Butterworth filter is implemented with two 
10 transconductor and filter circuits 101 cascaded together, as shown in the multistage 

circuit 100 of Figure 1. The two transconductor and filter circuits 101 are not 

identical, having different values for the capacitance of capacitors 415, 416, and 
417. In an alternate embodiment, a Bessel filter may be implemented using the 
transconductor and filter circuit 101. In another alternate embodiment, an 

15 approximation of a Gaussian filter may be implemented using the transconductor 

and filter circuit 101. In yet another alternate embodiment, a transitional filter may 
be implemented using the transconductor and filter circuit 101 The transfer function 

of the fourth order Butterworth filter can be calculated according to the following 

equation: 

20 T(S) 
S4 +cS'+d S +cS+I 

For c = 2.61, d = 3.41, and if S = jo = j, then: 

T(S)1-jc jc+ I d 

Further breaking the 4 th order in to two 2nd order equations: 

I_ _I I 

S+aS+\ S+bS+I S' +cS' +dS' +cS+| 
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Thus equating like terms in powers of S, 

a+b=c and 2iab=d 

bd-2 
a 

d-2 
a 

5 a2 -ca+d-2 =0 

_= C c' -4(d - 2) _ 2.61 (2.61)2 -4(3.41 -2) =1.843 or0.7674 
2 2 

b = c - 0.7674 or 1.843 

Note: 0.7674 is the high 0 case and 1.843 is the low Q case.  

10 A 2nd order general Sallen-Key type low pass filter has the transfer function; 

(see Fig x): 

T(S)=k 
S' R, R C,C, + S((1 - k)RC, + R,C2 + RC, )+ I 

15 Where RI, R2, C1 & C2 are component values and k is the amplifier voltage gain, 

Normalizing toj, = j and R,R,CC, = =1, let R, = Rz =,R 

RF(1- k)C + 2C,] 1.843 (or 0.7674) 

R CC = 1 

Further normalize to R = 1 

20 [(1- k)C, + 2C,)= 1 843 
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if C, =1 

(1 -k)C + =1.843 
C 

(I - k)Cq - 1.843C, +2 = 0 

1.843 + .432 2+4 Y-4__ 

C,= (-k) -k J-k 
2 

5 C: >3 8 
i k 1-k 

1.8432 > 8(1- k) 

Thus, k 2 0.5754. If the coefficient S is 0.7674, then k i 0.9264.  

If the assumption is that k = 0.95 (emitter follower gain) and for S 1.843, then: 

1.843 (1.843 2 2 

10 C--095) 2 1-0.95 1-0.95) _ 1 9 (normalizecilowQ) 

C2 = = 0.8935 (normalized low 0) 
C.  

If the assumption is that k = 0.95 and for S = 0,7674, then: 

0.7674 0-7674)2 
2) 

15 C - 1- 0.95) 1- 0.95) 1 -0.95/ 
2 = 3.328(normalized high ) 

C2 C = 0.3005 (normalized high 0) 
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Let R 2,000 (circuit value) and desired corner frequency w',= 2x(15Mfiz).  

For k 0.5754: 

C= = 5.936pF (circuit value) 
Ro 

5C
2 - = 4.74pF (circuit value) 

Rwo 

For k 2 0.9264: 

-C' C1,=-.-= 17 66pF (circuit value) 
Roo 

C2 
C= = I 594 pF (circuit value) 
Rwo 

10 

S + + |T(S$Is.;w; - 0.5426 = -5.3 1dB (low 0 case) 

T(S) S + = 1.303 = +2.3d3 (high 0 case) 

Note that the product of the above T(S) sections yields -3.01dS, the requisite 3dB corner frequency.  

15 The values of R, C1' and C2' are the values used in Figure x with two cascaded 

sections. These values directly map into the differential circuit of Figure 4 with the 
exception of C2' which maps into Figure 4 with a scale factor of % due to the 
differential nature of Figure 4.  

20 
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Figure 8 is a flow diagram illustrating a method for low pass filtering within the 
transconductor and filter circuit according to an exemplary embodiment of the 
invention. As shown in Figure 8, at processing block 801, a differential input voltage 

signal is received. At processing block 802, the differential input voltage signal is 
5 converted into a differential output current. At processing block 803, the differential 

output current is converted into an intermediary differential voltage. Finally, at 
processing block 804, the intermediary differential voltage is filtered to obtain a 
filtered differential output voltage signal having low output impedance.  

10 It is also to be understood that embodiments of the present invention may be 
implemented not only within a physical circuit (e.g, on a semiconductor chip), but 
also within machine-readable media. For example, the circuits and designs 
discussed above may be stored upon and/or embedded within machine-readable 

media associated with a design tool used for designing semiconductor devices.  
15 Examples include a netlist formatted in the VHSIC Hardware Description Language 

(VHDL), Verilog language, or Spice language. Some netlist examples include: a 
behavioral level netlist, a register transfer level (RTL) netlist, a gate level netlist, and 
a transistor level netiist. Machine-readable media also include media having layout 

information such as a GDS-Il file. Furthermore, netlist files or other machine

20 readable media for semiconductor chip design may be used in a simulation 

environment to perform the methods of the teachings described above. Thus, it is 
also to be understood that embodiments of this invention may be used as or to 
support a software program executed upon some form of a processing core (such as 
the CPU of a computer) or otherwise implemented or realized upon or within a 

25 machine-readable medium, which includes any mechanism for storing or 
transmitting information in a form readable by a machine (e.g. a computer).  
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In the foregoing specification, the invention has been described with reference to 
specific exemplary embodiments thereof. It will, however, be evident that various 

modifications and changes may be made thereto without departing from the broader 
5 spirit and scope of the invention as set forth in the appended claims The 

specification and drawings are, accordingly, to be regarded in an illustrative sense 
rather than a restrictive sense.  

In the claims which follow and in the preceding description of the invention, except 

where the context requires otherwise due to express language or necessary 

implication, the word "comprise" or variations such as "comprises" or "comprising" 

is used in an inclusive sense, i.e. to specify the presence of the stated features but not 

to preclude the presence or addition of further features in various embodiments of the 

invention.  

A reference herein to a prior art document is not an admission that the document 

forms part of the common general knowledge in the art in Australia.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A circuit comprising: 

a front end module for converting a differential input voltage signal into a 

5 differential output current and for supplying said output current at a differential output; 

a filter module coupled to said differential output of said front end module for 

receiving said output current, converting said output current into a differential voltage 
and for filtering said differential voltage to obtain a filtered differential output voltage 

signal; 

10 wherein said filter module further comprises: 

a plurality of resistor devices, a first end of each resistor device directly 
coupled in series to a respective line of said differential output of said front end module; 

a plurality of emitter followers, a base of each emitter follower directly coupled 

to a second end of each of said resistor devices; 

15 a plurality of capacitor devices, a first end of each capacitor device directly 

coupled to a respective line of said differential output of said front end module and a 
second end of each capacitor device directly coupled to a respective emitter of said 

emitter followers; and 

a further capacitor device coupled between each base of the emitter followers.  
20 

2. The circuit according to Claim 1, wherein said filter module is a low pass filter.  

3. The circuit according to Claim 1, wherein said front end module further 
comprises at least one differential pair of transistor devices having inputs and outputs 

25 coupled in parallel.  

4. The circuit according to Claim 1, wherein a voltage gain value of said circuit is 

less than unity.  

30 5. The circuit according to Claim 1, wherein said emitter follower has a voltage 

gain value of less than unity.  
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6. The circuit according to Claim 1, wherein each resistor device of said plurality 
of resistor devices has an identical resistance value.  

5 7. The circuit according to Claim 1, wherein said each capacitor device has an 
identical capacitance value.  

8. The circuit according to Claim 1, wherein said resistor devices, said capacitor 
devices, and said further capacitor device are implemented on a separate circuit.  

10 

9. A method to manufacture a circuit comprising the steps of: 
coupling a filter module to a differential output of a front end module; 
said front end module for converting a differential input voltage signal into a 

differential output current and supplying said output current at said differential output; 
15 said filter module for receiving said output current, converting said output 

current into a differential voltage, and filtering said differential voltage to obtain a filtered 
differential output voltage signal; 

wherein said step of coupling said filter module further comprises the steps of: 
coupling in series a plurality of resistor devices to said differential output of said 

20 front end module, a first end of each resistor device coupled to a respective line of said 
differential output; 

coupling an emitter follower to a second end of each of said resistor devices; 
coupling a plurality of capacitor devices between: 

(a) said differential output of said front end module, each capacitor device 
25 coupled to one line of said differential output; and 

(b) said emitter followers, each capacitor device coupled to an emitter of 
each of said emitter followers; and 

coupling a further capacitor device between respective bases of said emitter 
followers.  

30 

10. The method according to Claim 9, further comprising the step of coupling in 
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parallel inputs and outputs of at least one differential pair of transistor devices within 

said front end module, said at least one differential pair of transistor devices to receive 

and convert said differential input voltage signal into said output current.  

5 11. The method according to Claim 9, wherein said filter module is a low pass 

filter.  

12. The method according to Claim 9, wherein said emitter follower has a voltage 

gain value of less than unity.  

10 

13. A method comprising the steps of: 

converting a differential input voltage signal into a differential output current; 

converting said output current into a differential voltage output; 

filtering said differential voltage output to obtain a filtered differential output 

15 voltage signal; 

wherein said step of filtering further comprises the steps of: 

coupling in series a plurality of resistor devices to said differential voltage 

output, a first end of each resistor device coupled to a respective line of said differential 

voltage output; 
20 coupling an emitter follower to a second end of each of said resistor devices; 

coupling a plurality of capacitor devices between: 
(a) said differential voltage output of said front end module, each capacitor 

device coupled to one line of said differential voltage output; and 

(b) said emitter followers, each capacitor device coupled to an emitter of 

25 each of said emitter followers; and 

coupling a further capacitor device between respective bases of said emitter 

followers.  

14. The method according to Claim 13, wherein said step of converting said 

30 differential input voltage signal further comprises the steps of: 

receiving said differential output voltage signal at a front end module; and 
supplying said differential output current at a differential output of said front end 
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module.  

15. The method according to Claim 14, wherein said step of converting said output 

current further comprises the steps of receiving said output current at a filter module 

5 coupled to said differential output of said front end module.  

16. A circuit comprising: 

means for converting a differential input voltage signal into a differential output 

current; 

10 means for converting said output current into a differential voltage; 

means for filtering said differential voltage to obtain a filtered differential output 

voltage signal; 
wherein said filter means further comprises: 

a plurality of resistor devices, a first end of each resistor device directly 

15 coupled in series to a respective line providing said differential voltage; 

a plurality of emitter followers, a base of each emitter follower directly coupled 

to a second end of each of said resistor devices; 

a plurality of capacitor devise, a first end of each capacitor device directly 

coupled to a respective line providing said differential voltage and a second end of each 

20 capacitor device directly coupled to a respective emitter of said emitter followers; and 

a further capacitor device coupled between each base of the emitter followers.  

17. A machine-readable media storing a description of a circuit and containing 

executable instructions, which, when executed, cause a machine to emulate said circuit 

25 to perform a method comprising the steps of: 

converting a differential input voltage signal into a differential output current; 

converting said output current into a differential voltage; 

filtering said differential voltage to obtain a filtered differential output voltage 

signal; 

30 wherein said step of filtering further comprises the steps of: 

coupling in series a plurality of resistor devices to said differential voltage, a 

first end of each resistor device coupled to a respective line providing said differential 

17



voltage; 

coupling an emitter follower to a second end of each of said resistor devices; 

coupling a plurality of capacitor devices between: 

(a) said differential voltage, each capacitor device coupled to a respective 

5 line providing said differential voltage; and 

(b) said emitter followers, each capacitor device coupled to an emitter of 

each of said emitter followers; and 

coupling a further capacitor device between respective bases of said emitter 

followers.  

10 

18. A circuit substantially as herein described, with reference to the accompanying 

Figures.  

19. A method substantially as herein described, with reference to the 

15 accompanying Figures.  

20. A machine-readable media storing a description of a circuit and containing 

executable instructions substantially as herein described, with reference to the 

accompanying Figures.  

20 
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