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Symbolic analysis and design of current-differencing-amplifier filters 
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A circuit model of an ideal current-differencing amplifier and its use in symbolic analysis and design of current-
differencing-amplifier filters is presented. The analysis and design of a bandpass filter with one current-differencing 
amplifier is demonstrated. The advantages of the current-differencing-amplifier filters are highlighted. 
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Introduction 
ANY industrial electronic control systems are 
designed to operate using only a single-power-supply 

voltage. The conventional integrated-circuit operational 
amplifier (IC op amp) is typically designed for split power 
supplies (±15 V DC) and suffers from a poor output voltage 
swing and a rather large minimum common-mode input 
voltage range (approximately +2 V DC) when used in a 
single power supply applications. In addition, some of 
performance characteristics of these op amps could be 
sacrificed – especially in favor of reduced costs. 

To meet the needs of the designers of low-cost, single-
power-supply control systems, a new internally 
compensated amplifier has been designed that operates over 
a power supply range of +4 V DC to 36 V DC with small 
changes in performance characteristics and provides an 
output peak-to-peak swing that is only 1 V less than the 
magnitude of the power supply voltage [1]. The new 
amplifier, Fig.1, is designated Current-Differencing 
Amplifier (CDA), and represents a departure from a 
conventional amplifier design. Instead of using a standard 
transistor differential amplifier at the input, the non-
inverting input function has been achieved by making use 
of a “current-mirror” to “mirror” the non-inverting input 
current about ground and then to extract this current from 
that which is entering the inverting input terminal. Whereas 
the conventional operation amplifier (OPAMP) 
differentiates input voltage, this amplifier differentiates 
input currents and therefore the name “Norton Amp” has 
been used to indicate this new type of operation [1,2]. 

It is also well known that the frequency range of active 
filters using operation amplifiers is limited due to the finite 
OPAMP’s bandwidth. Since the CDA as a current 
processing device has a much wider bandwidth than the 
classical OPAMP [3], its use in active filter realizations can 
significantly improve the useful filter bandwidth. 

 
Figure 2. Current-Differencing Amplifier symbol 

A new symbol for the “Norton” amplifier is shown in 
Fig.2. 

 

Figure 2. Current-Differencing Amplifier symbol 
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The current source symbol between the inputs implies 
this new current mode of operation. In addition, it signifies 
that current is removed from the (-) input terminal. Also, 
the current arrow on the (+) input lead is used to indicate 
that this terminal functions as a current input. 

The Current-Differencing Amplifier has a wide range of 
applications [1,2] such as: 
− AC amplifiers (non-inverting amplifier, inverting ampli-

fier, high input impedance high gain amplifier, amplifier 
with DC gain control, line-receiver amplifier) 

− DC amplifiers (DC coupled power amplifier, ground refe-
rencing a differential voltage, unity gain buffer amplifier) 

− Voltage regulators 
− RC active filters (single-amplifier lowpass, single-

amplifier highpass, single-amplifier bandpass, two-
amplifier bandpass, three-amplifier  state-variable univer-
sal biquad low/high/band/pass) 

− Waveform generators (sinewave, squarewave, pulse, tri-
angle, sawtooth, staircase) 

− Phase-locked loops (PLL) and voltage controlled oscilla-
tors (VCO) 

− Digital and switching circuits (OR gate, AND gate, bi-
stable multivibrator, trigger flip-flops, monostable mul-
tivibrator, comparators, Schmitt trigger) 

− Current sources and sinks 
− Tachometers 
− Squaring amplifiers 
− Differentiators and integrators 
− Sample and hold (S/H) circuits 

For an automated computer-aided analysis of linear 
time-invariant circuits with CDAs, a CDA device model 
must be established. In this paper, we formulate an ideal 
model of CDA that is suitable for an automated computer-
aided symbolic analysis [4-13]. Next, a filter circuit is 
analyzed in full detail to effectively show the use of the 
CDA model in conjunction with the Modified Nodal 
Analysis (MNA) equations. Finally, the filter design 
equations are derived from the symbolic analysis and an 
illustrative design is presented. 

Symbolic analysis of a CDA circuit model 
Fig.1 shows that the (+) and (-) inputs are both clamped 

by (equivalent) diodes to force them to be one-diode drop 
above ground. The diode shown across the (+) input 
actually exists as a diode in the circuit, Fig.1. The diode 
across the (-) input is the base-emitter junction that acts as 
an equivalent diode. The current entering the (+) input is 
“mirrored” or reflected about ground and then extracted 
from the (-) input [1,2]. 

The Current-Differencing Amplifier, Fig.2, is modeled 
as a four-terminal three-port linear time-invariant lumped 
element. The four terminals are 
− non-inverting terminal, or equivalently (+) terminal 
− inverting terminal, or equivalently (-) terminal 
− output terminal 
− ground, normally not drawn in Fig.2. 

The three ports are constituted as follows: 
− non-inverting port, (+) terminal and ground 
− inverting port, (-) terminal and ground 
− output port, output terminal and ground. 

The ground terminal is the common terminal for the 
three ports; hence, the ideal CDA is a grounded circuit 
element. 

The definition equations of the ideal CDA are based on 
the fact that the input currents are equal, and the input 
voltages are clamped to zero. The “associated” reference 
directions for port currents and voltages are assumed to be 
standard. The currents at (+), (-) and output terminals are 
assumed to be directed towards the element. 

The ideal CDA definition equations are 
- 0v+ = ,       plus-terminal-to-ground voltage is zero, 
- 0v− = ,       minus-terminal-to-gorund voltage is zero, 
- 0i i+ −− = ,  input-terminal currents are equal. 

Note that the above equations are quite opposite from the 
ideal OPAMP definition equations which state that the 
input voltages are equal, and that the input currents are 
clamped to zero. 

If the bias conditions or the circuit topology force one of 
the CDA input currents to zero, then the ideal CDA 
equations become equal to the ideal OPAMP equations. 

The CDA currents are not known, and cannot be 
expressed in terms of the CDA voltages. Therefore, every 
CDA increases the order of Modified Nodal Analysis 
(MNA) system of equations by three. Also, it introduces 
three additional non-voltage variables – the CDA port 
currents. 

It should be pointed out that the CDA is neither the 
Differential Current Amplifier nor the Current-Feedback 
Operational Amplifier. Advances in integrated circuit 
technologies have meant that state-of-the-art analog IC 
design is now able to exploit the potential of current-mode 
analog signal processing, providing attractive and elegant 
solutions for many circuit and system problems [14,15]. A 
further consequence of the current-mode processing has 
been the emergence of new analog building-blocks. It is 
important not to confuse the Current-Differencing 
Amplifier (CDA) with the Differential Current Amplifier 
(DCA), or with the Current-Feedback Operational 
Amplifier (CFOA). We summarize below the definition 
equations for the three elements (CDA, DCA, CFOA), 
along with the definition equations of the ideal operational 
amplifier. 
CDA DCA CFOA OPAMP 
 v+ = 0 v+ = 0 v v+ −=  v v+ −=  
 v− = 0 v− = 0 i+ = 0 i+ = 0 
 i i+ −=  i a i i= −+ −( )  v ri= −  i− = 0 

All equation parameters are real. 
The assumed reference directions for voltages and 

currents are shown in Fig.3. 
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Figure 3. Reference directions for a grounded four-terminal three-port 
network that represents CDA, DCA, or CFOA. 
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Notice that CDA, DCA, CFOA, and OPAMP are four-
terminal, three-port, lumped, linear, time-invariant, 
grounded elements. 

Symbolic analysis of the single-CDA  
bandpass filter 

A typical CDA filter application is a single-amplifier 
bandpass RC active filter, Fig.4, suitable for low frequency, 
low gain, and low quality-factor requirements. 

 

Figure 4. Single-CDA bandpass filter. 

The automated symbolic analysis formulates the MNA 
system of equations as follows [4,5]: 
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Independent voltage generator definition equation 

1 INV V=  

CDA definition equation 

0V + =  

0V − =  

0I I+ −− =  

The variables 1V  to 5V  are the node voltages, I +  and 
I −  are the CDA input currents, OUTI  stands for the CDA 
output current, and GENI  designates the generator current. 

The circuit parameters, 1R , 2R , 3R , 4R , 1C , 2C , are 
kept as symbols, and the filter transfer function is 
symbolically computed as 

15
2

IN 2 1 0

( )
V b sH s V a s a s a

= =
+ +

 

where 

1 2 2 3b C R R= −  

2 1 2 1 2 3a C C R R R=  

( )1 1 2 1 2a C C R R= +  

0 1 2a R R= +  
A similar symbolic analysis can be carried out for a 
complex circuit shown in Fig.5. 

 

Figure 5. Three-CDA bandpass filter. 

It has been reported [16, 17] that the passive sensitivities 
of CDA filters are lower than the corresponding 
sensitivities of classical OPAMP filters [18]. 

Symbolic design equations for the single-CDA 
bandpass filter 

From the transfer function derived in the previous 
section, the filter center frequency, 0f , quality factor, Q , 
and gain, 0H , are computed symbolically. 
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The design procedure is as follows: 
− given 0H , Q , and 0 02 fω π= , find the five element val-

ues (capacitances and resistances) 
− usually, 1 2C C=  is preferred and the capacitances are 

chosen according to the available capacitors. 
− find resistances 1R , 2R , 3R  

The symbolic design expressions are of the general form  

1 1 0 0 1 2( , , ; , )R R H f Q C C=  

2 2 0 0 1 2( , , ; , )R R H f Q C C=  

3 3 0 0 1 2( , , ; , )R R H f Q C C=  

and are found in the form 

1
1 0 0

QR C Hω
−=  

( )( )2 2
1 0 1 2 0

QR
C H C C Q ω

=
+ +

 

1 2
3

1 2 0

C CR QC C ω
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For example, require 

0 1H = −  

5Q =  

0 1000Hzf =  

it follows 
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Typically, equal capacitances are preferred: 21 CC = . 
The capacitance values are selected from the available 
standard values. For 1 2 510pFC C= =  the resistances are 
found as 

1 1.56034MR = Ω  

2 31.8437KR = Ω  

3 3.12069MR = Ω  

Various capacitance values can be tried to obtain the 
most suitable resistances. 

We found out that Application Note 72 [1] on page 18, 
in equations (8), (9), (10), defines the filter gain as a 
positive number, i.e., as 0| ( j ) |H ω . The minus sign is taken 
into account explicitly in these formulas to provide positive 
values for the resistances. In addition, these design 

equations assume a particular case when the capacitances 
are equal, 1 2C C= . 

The formulas presented in this paper can be used for the 
most general fully symbolic analysis and design case. 

Since the output impedance of the CDA is low, higher-
order filters can be easily obtained by cascading second-
order sections. 

Conclusion 
Current-mode analog signal processing can be used to 

extend the bandwidth of integrated-circuit amplifiers. In 
this paper, a current-differencing amplifier has been 
investigated and a circuit model for the idealized device has 
been established. The model has been used in fully 
symbolic analysis and design of active filters realized with 
current-differencing amplifiers. The closed-form 
expressions (keeping all parameters as symbols) have been 
developed for filter analysis equations, transfer functions, 
and filter design equations. The definition equations of 
several current-mode devices have been reviewed in order 
to clarify the equations behind the underlining model.  
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Simbolička analiza i projektovanje filtara sa strujnim diferencijalnim 
pojačavačima 

Predstavlja se ekvivalentna šema idealnog strujnog diferencijalnog pojačavača i njena primena u simboličkoj analizi i 
projektovanju filtara sa strujnim diferencijalnim pojačavačima. Prikazuje se analiza i projektovanje filtra 
propusnika opsega sa jednim strujnim diferencijalnim pojačavačem. Naglašavaju se prednosti filtara sa strujnim 
diferencijalnim pojačavačima. 

Ključne reči: strujni diferencijalni pojačavač, simbolička analiza, aktivni filtar, strujno procesiranje. 

Simvoli~eskij analiz i proektirovanie filxtrov so 
tokovwmi differencialxnwmi usilitel}mi 

V nasto}|ej rabote predstavlena &kvivalentna} shema idealxnogo tokovogo differencialxnogo usilitel} 
i ego primenenie v simvoli~eskom analize i v proektirovanii filxtrov so tokovwmi 
differencialxnwmi usilitel}mi. Zdesx privedën analiz i proektirovanie filxtra polosw propuskani} s 
odnim tokovwm differencialxnwm usilitelem. Zdesx vwdel}yts} preimu|estva filxtrov so tokovwmi 
differencialxnwmi usilitel}mi. 

Kly~evwe slova: tokovoj differencialxnwj usilitelx, simvoli~eskij analiz, aktivnwj filxtr,  
tokova} obrabotka. 

Analyse symbolique et projet des filtres aux amplificateurs 
différentiels de courant 

Le schéma équivalent de l’amplificateur différentiel idéal et son emploi dans l’analyse symbolique ainsi que le projet 
des filtres aux amplificateurs différentiels de courant sont présentés dans ce papier. On a exposé aussi l’analyse et le 
projet du filtre passe-bande à l’amplificateur différentiel de courant. Pour finir, on a souligné les avantages des filtres 
à l’amplificateur différentiel de courant. 

Mots clés: amplificateur différentiel de courant, analyse symbolique, filtre actif, traitement de courant. 

 


