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Abstract: The main objective of this paper is to correctly define the hybrid equivalent 

circuits. These circuits allow the separation of the linear portions of electronic circuits 

from the nonlinear ones and in this way the polarization process of electronic devices 

becomes much more efficient. When linear and/or nonlinear analyzed circuits have a small 

number of nonlinear circuit elements, their analysis, synthesis, and simulation are 

performed more efficiently if the nonlinear part of circuit is separated from the linear one. 

A new modeling technique, called H ~ modeling, is introduced for multi-port networks. It 

is shown that H ~ models are more dynamic compared to equivalent Thevenin or Norton 

circuits and have the ability to describe port behavior more accurately. A special type of 

model H ~ is also introduced, called model H ~ nullified, or simply model H ~ and many 

properties of H modeling are investigated, including circuit energy management. It is 

shown that the H models are not limited to single-port networks, but also cover multiport. 

A major property of H modeling is the local polarization of transistors. It separates the 

nonlinear components from the linear portion of circuit for faster and more efficient 

polarization of circuit. Here a designer can take advantage of H-modeling and bias 

individual transistors (or in combinations) with no need to perform the normal circuit 

biasing. The proposed strategy separates linear and nonlinear portions of an analog 

circuit and takes more control of nonlinear portions. This separation of portions 

(components) of circuit is achieved by introducing a new port model that cancels the ports 

of nonlinear devices. In turn, this leads to a new technique for polarizing nonlinear 

components. This separation of portions (components) within the circuit is accomplished 

by introducing a new port modeling that nullifies the ports of nonlinear devices. 
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1. INTRODUCTION 

 

 Due to the rapid development of technology, analog and mixed signal integrated 

circuit technology has an important and decisive role in communications and signal 

processing. In particular, the rapid development of CMOS technology has made analog circuit 

designers very interesting, [1–11], for this technology. Other evolutions of technology, such 

as: low supply voltages, low power consumption, performance complexity and high number 

of transistors have led to a substantial increase in the demand for new design methodologies 

and techniques.  

A major difficulty in approaching the analog circuits is the DC polarization - obtaining 

the desired operating points through a fast convergence procedure; and the problem worsens 

with the advancement of technology, which is due to the increase in the size and complexity 

of the circuit. The analysis can even lead to multiple DC operating points, or to the instability 

of these operating points due to positive reactions. In the SPICE circuit simulator [1, 2, 6, 7, 

9-22], for example, methods such as Newton-Raphson iteration techniques are used to treat 

circuit nonlinearities; sometimes the major difficulty is to make the circuit analysis procedure 

converge in a limited number of iterations. Schemes such as the addition of minimum 

conductance (GMIN), shunt resistors, changing the tolerance values for results and the feed 

step are usually adopted in a simulator to make convergence possible.  

Usually, a poor selection of the initial conditions or the adoption of large and irregular 

calculation steps causes the instability of the calculation process or may even lead to this 

process diverging. Another difficulty may result from a fixed topology of the fixed supply 

circuit throughout the polarization process. With such a pre-set of conditions, the operating 

points are found naturally through long and timely iterations. All this adds to the design task 

and the useful processing time. We need a more guided design procedure; a procedure that 

helps a designer go through a top-down and piece-by-piece design strategy.  

The main objective of this paper is to correctly define the hybrid equivalent circuits. 

These circuits allow the separation of the linear portions of the electronic circuits from the 

non-linear ones and in this way the polarization process of the electronic devices becomes 

much more efficient. In general, H models are used in various analyzes and applications of 

analog circuits such as: transformation of sources, analysis in DC, analysis in AC (frequency 

or phasor and s-domain), [1, 2, 4, 9]. 

Section 2 defines the hybrid equivalent circuits, specifying the necessary and 

sufficient conditions for a one-port linear circuit to be replaced by an equivalent hybrid 

circuit. Section 3 sets out the necessary and sufficient conditions for the one-port linear circuit 

to be replaced by a Nullified Equivalent Hybrid Circuit. Thévenin, Norton and hybrid 

equivalent circuits are used in the construction of Nullified Hybrid equivalent circuits. 
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Equivalent Thévenin, Norton, hybrid and null hybrid circuits are used in the local polarization 

of analog circuits, [1 - 18]. Several illustrative examples are presented that highlights the 

veracity of the elaborated procedures. 

 

 

2. HYBRID EQUIVALENT CIRCUIT 

 

Considering a linear resistive circuit containing resistors, independent voltage and/or 

current sources and all four types of two-port controlled sources. We extract from the 

terminals (nodes) A and B of the circuit the resistor with resistance RAB, as in fig. 1. The left 

circuit of nodes A, B in fig. 1 must satisfy the conditions of equivalence of this circuit with 

the equivalent Thévenin circuit and respectively with the circuit Norton equivalent. In order 

for a resistive linear circuit to be substituted, in relation to the terminals A, B, with an 

equivalent Thévenin circuit, the voltage UAB must exist and be unique for any value J of the 

current of an ideal independent current source, when the RAB resistor is replaced by such a 

source. Similarly, if the RAB resistor in fig. 1 is replaced by an ideal independent voltage source 

with e.m.f. E, the resistive linear circuit to the left of terminals A, B can be replaced by an 

equivalent Norton circuit if the IAB current exists and is uniquely determined for any value E 

of the ideal independent voltage source, [1, 2, 9, 14]. 

 

 

Fig 1. Hybrid equivalent circuit 

 

A Hybrid equivalent circuit, or simply an H~model, of a two-terminal network is a 

generalized version of Thévenin or Norton equivalent circuit; for resistive circuits it consists 

of a voltage source VH, a current source IH and an equivalent resistance, Req, which is identical 

with the Thévenin or Norton model (fig. 1). Apparently here one source, VH or IH, can be 

selected arbitrarily and the other source is found through eq. (3).  

We assume that the circuit to the left of the RAB resistor in fig. 1 satisfies the conditions 

of existence of the equivalent Thévenin and Norton circuits. According to Thévenin's 

theorem, the IAB current has the expression:  

 

 𝐼𝐴𝐵 =
𝑉𝑇ℎ

𝑅𝐴𝐵+𝑅𝑒𝑞
, (1) 
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Where is the voltage at terminals A, B of the active circuit, when IAB = 0, and     the 

equivalent resistance of the passivated circuit in relation to terminals A, B (IAB = 0). Applying 

the Kirchhoff’s laws to the hybrid equivalent circuit in figure 1, it follows:  

 

KCL:  𝐼𝑒𝑞 = 𝐼𝐻 − 𝐼𝐴𝐵 = 𝐼𝐻 −
𝑈𝑇ℎ

𝑅𝐴𝐵+𝑅𝑒𝑞
  

  (2) 

KVL:  𝑉𝐻 = 𝑅𝐴𝐵𝐼𝐴𝐵 − 𝑅𝑒𝑞𝐼𝑒𝑞 = 𝑅𝐴𝐵
𝑈𝑇ℎ

𝑅𝐴𝐵+𝑅𝑒𝑞
− 𝑅𝑒𝑞 (𝐼𝐻 −

𝑈𝑇ℎ

𝑅𝐴𝐵+𝑅𝑒𝑞
)  

 

It follows from equations (2): 

 

 𝐼𝐻 = 𝐼𝑠𝑐 −
𝑉𝐻

𝑅𝑒𝑞
 or 𝑉𝐻 = 𝑉𝑇ℎ − 𝑅𝑒𝑞 ⋅ 𝐼𝐻  (3) 

where 𝐼𝑠𝑐 = 𝐼𝐴𝐵𝑠𝑐 =
𝑉𝑇ℎ

𝑅𝑒𝑞
. 

It can be seen that, as with the Thévenin or Norton models, only two measurements 

are required here to determine all the parameters of the H model. For example, for a selected 

value of IH and two measurements of VTh and IN = Isc, eqs. Req = UTh/Isc and (3) can be used 

to obtain the Req and VH parameters of the model. Now, considering two circuits N1 and N2 

connected by the gate j (Vj, Ij), as shown in figure 2, there are two types of H models for the 

one-port linear circuit N1. The 1 H model (1 H ~ model) is shown in fig. 3. (a). To find this 

model first open the port where Ij = 0. Taking into account fig. 3. (a) and of equation (3) we 

have: 

    𝑉𝑗 = 𝑉𝐻 + 𝑅𝑒𝑞𝐼𝑁 = 𝑉𝑇ℎ.   (4) 

 

 

Fig. 2. Two networks N1 and N2 connected through a port j (Vj, Ij) 

 

 

Fig. 3. A two-terminal Hybrid equivalent circuit for N1; (a) Type 1 representation; (b) Type 

2 representation; (c) The location on the port’s characteristic curve 
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From eq. (4) it results: 

 

 𝑉𝐻 = 𝑉𝑇ℎ − 𝑅𝑒𝑞𝐼𝑁 = 𝑉𝑇ℎ − 𝑅𝑒𝑞𝐼𝑠𝑐  (5) 

 

In the Type 2 H ~ model, however, the sources remain the same as in Type 1, but 

instead of calculating the equivalent resistance Req, we let N1 unaltered, except that all its DC 

power sources are removed, as shown in figure 3. (b). The term “DC power removed' means 

that all DC sources are removed from the N1, including charges on the capacitors and currents 

through the inductors. Type 2 H~model is useful in several applications, such as moving the 

DC sources in a circuit to its port terminals without disturbing the internal structure (topology) 

of the network. 

Note that, because of having two sources instead of one, an H~model represents an 

axis of freedom that acts as a tool in dynamic modeling of a port. As indicated in fig. 3. (c), 

an H~- model covers a full and continuous range of equivalent circuits for a two-terminal 

network. It is evident from Eq. (2) and fig. 3. (c) that both the Thévenin and Norton models 

are two special cases of an H~-model. 

Example 1: A simplified small signal equivalent circuit of a single stage BJT amplifier 

with load is represented in fig. 4. (a), the X-Y port is connected to a load RL. Here we would 

like to have: i) an H~-model for the two-terminal circuit, on the left of X-Y, so that the power 

consumption on both sides of the port are equal; and ii) modify the H~-model in part i) so 

that the power consumption in the two terminal circuit (the left of X-Y) becomes zero. 

 

 

                                 (a)                                                                 (b) 

Fig. 4. (a) A simplified small signal equivalent circuit of a single stage BJT amplifier with 

load; (b) An H~-model of the amplifier. 

 

Solution: We first find an H~-model representation for the two-terminal circuit as 

depicted in fig. 4. (b), with the source values, VH and IH, unspecified. Second, to make the 

power consumption on both sides of port j equal we need to have:  

 

 𝑅𝐿𝐼2
𝑗 = 𝑅𝑒𝑞 (𝐼𝐻 − 𝐼𝑗)2 (6) 
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By using eq. (3) and knowing that VTh = 2.52 V and Req = 2 kΩ we get Ij = 1.008 mA, 

IH = 1.512 mA, VH = −0.504 V, and the power consumed for each side is Pj = RL*(Ij )2= 0.508 

mW. For part ii), because the situation for the load RL is not changed we still have Ij = 1.008 

mA, Vj = 0.504V, and Pj = 0.508 mW. Now, to make the power consumption to the left of X 

– Y zero we must have Req(IH − Ij)
2 = 0; or simply IH = Ij = 1.008 mA, and as a result VH =Vj 

= 0.504 V. This concludes the solution with the fact that in the part ii) the total power 

consumption is reduced to half, i.e., from 1.016 mW to 0.508 mW. 

Universality is an important characteristic of an H~model. H~models can be 

accurately applied to all possible cases of linear two-terminal networks, regardless of the port 

impedances; whereas both Thévenin and Norton equivalent circuits lose their sensitivity in 

some specific cases when port impedances take extreme low or extreme high values. For 

example, consider measuring the Thévenin (open circuit) voltage of a two-terminal network 

N1 that has the equivalent resistance of Req = 2 MΩ. Suppose the measuring voltmeter has the 

input impedance of RM = 20 MΩ and the measured open circuit voltage displayed is VM = 3V. 

Apparently selecting VTh = VM = 3V as the Thévenin voltage for the port carries an error of 

10%. Whereas an H~-model with VH = VM = 3V and IH = IM = 136 nA represents an exact 

H~- model for the port. Note that there is no need for any extra measurement to find IM, 

because we can simply get it from IM = VM/RM. 

Example 2: In figure 5. (a), is presented a nonlinear resistive circuit containing a 

voltage-controlled nonlinear resistor (Rdu12). The numerical values of the circuit parameters 

in fig. 5. (a), are shown in the figure, and the nonlinear characteristic IRdu12 = f (URdu12), given 

by points, is shown in fig. 5. (c). The purpose of this example is to show that in the analysis 

of a nonlinear circuit it is particularly efficient to replace the linear part of the circuit with an 

equivalent Thévenin, Norton or Hybrid circuit. 

 

 

                                       (a)                                                                   (b) 
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(c) 

 

 

(d) 

Fig. 5. (a) Diagram of the nonlinear resistive circuit containing a voltage-controlled (v.c.) 

nonlinear resistor (Rdu12); (b) Linear part of the circuit in Fig. 5. (a) is substituted by a Thévenin 

equivalent circuit; (c) Characteristic IRdu12 = f(URdu12); (d) Hybrid equivalent circuit. 

 

Solution: First we analyze with ACAP - Analogue Circuit Analysis Program, [3, 18], 

the nonlinear resistive circuit in fig. 5. (a) and obtain, for the nonlinear resistor Rdu12, the 

solution URdu12 = -0.50813 V and IRdu12 = -0.010163 A. Then, replace the nonlinear resistor 

with an ideal independent current source with the intensity of the current jo (oriented from 

node n2 to node n1) and simulate, using the CSAP program - Circuit Symbolic Analysis 

Program, [3], in the full-symbolic form the circuit thus obtained. In this way the expression 

of the Thévenin voltage UTh = UAB0 = -UJo and the expression of the equivalent resistance Req 

= RTh = RAB0 = UTh_cir_passive / jo are determined, where UTh_cir_passive is the Thévenin voltage 

of the passivated circuit (all independent sources in the analyzed circuit are canceled, except 

for current source jo).  

Finally, the circuit parameters are replaced with their numerical values and the 

numerical values of the Thévenin equivalent circuit parameters RTh = Req = 4.6667 Ω and UTh 
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= Eeq = -0.5556 V and those corresponding to the equivalent circuit Norton Geq = 1 / Req = 

0.2143 S and Isc = UTh / RTh = -0.11905 A and thus the circuit of fig. 5.(a) is equivalent to that 

of fig. 5. (b). Analyzing, with the program ACAP, [3], the circuit of fig 5. (b) the same solution 

is obtained for the nonlinear resistor Rdu12, URdu12 = -0.50813 V and IRdu12 = -0.010163 A. 

Obviously, the nonlinear circuit in fig. 5. (b) is much simpler than the one in fig. 5. (a). Figure 

5. (d) shows the equivalent hybrid circuit in which the parameters have the values: Req = 

4.6667 Ω, Isc = -0.11905 A, VH = 1 V (value considered arbitrary) and IH = Isc - VH / Req = -

0.333334 A. Obviously, for the nonlinear resistor Rdu3 we consider the characteristic IRdu3 - 

URdu3 from fig. 5. (c).  

Simulating, by the ACAP program, the circuit from figure 5. (d), we obtain the same 

solution for the nonlinear resistor Rdu3 = Rdu12, URdu3 = URdu12 = -0.50813 V and IRdu3 = IRdu12 

= -0.010163 A. Obviously, even in this case, the nonlinear circuit in figure 5. (d) is much 

simpler than the one in figure 5. (a). 

Example 3: Consider the circuit of fig. 6. (a), where two sections of a circuit are 

connected through a port j(Vj, Ij). Let the MOS diode be characterized by i = K (V-1)2 mA for 

V > 1 V and let K = 0.5 mA/V2. The analysis shows that port j is not a null port because Ij = 

1 mA and Vj = 3 V. Next, we increase port j of N2 by two current and voltage sources Ij = 1 

mA and Vj = 3 V and then remove the supply sources of 5 V and 1 mA from N1. As a result 

a new null port k(Vk, Ik) is created, as shown in fig. 6. (b). 

 

 

 

Fig. 6. (a) Example of two networks N1 and N2 separated by a port j; (b) Creation of a null 

port k in an H-modeling representation; (c) The MOS diode from Fig. 6. (a) was replaced by the 

voltage-controlled nonlinear resistor Rdu7 with the characteristic I7 = k · (V7 - 1.0)2 with k = 0.5 

mA/V2 and V7 > 1; (d) The MOS diode from fig. 6. (b) was replaced by the voltage-controlled 

nonlinear resistor Rdu8 with the characteristic I8 = k · (V8 - 1.0)2 with k = 0.5 mA/V2 and V8 > 1. 
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The numerical values of the Thévenin equivalent circuit parameters in respect of the 

n2 - n0 nodes of the circuit in fig. 6. (a) are: RTh = Req = 2.8572 kΩ and UTh = Eeq = 8.7143 V, 

and those corresponding to the Norton equivalent circuit Geq = 1 / Req = 0.35 S and Isc = UTh 

/ RTh = 3.05 mA. The equivalent hybrid circuit of the circuit in fig. 6. (b) in respect of the n2 

- n0 nodes, as one of the two quantities VH and IH can be considered arbitrary, the parameters 

of this circuit can take the values: VH = 3.0 (value considered arbitrary), current, according to 

relation (2), has the value IH = Isc - VH / Req = 2.0 mA and if the current IH = 1m A is considered 

arbitrary, the voltage, according to relation (2), results VH = VTh - Req · IH = 5.8572 V. If at the 

circuit terminals in figs. 6. (a) and (b), we connect, instead of the transistor, a nonlinear 

voltage-controlled resistor Rdvc, with current-voltage characteristic Idvc = K (Vdvc-1)2 mA for 

Vdvc > 1 V, and let K = 0.5 mA/V2, we obtain the circuits shown in figs. 6. (c) and (d).  

The left side of the circuits in fig. 6. (c), respectively fig. 6. (d), are replaced in turn, 

with respect to terminals n2 - n0, by: the equivalent circuit Thévenin (fig. 6. (c)) and the two 

variants of the Hybrid equivalent circuit (see fig. 6. (b)). Analyzing all five types of circuits, 

thus generated, by the ACAP program, [3, 18], it is obtained the same operating point for the 

voltage-controlled nonlinear resistor Rdvc (VRdvc = 5.0833 V, IRdvc = 1.2708 mA). 

Obviously, the structure of the circuits in figs. 6. (c) and (d) are much simpler. 

 

 

3. NULLIFIED HYBRID EQUIVALENT CIRCUIT 

 

An equivalent canceled hybrid circuit, called model H, is a special case of a model H 

~; where, the values of the voltage and current sources in the model are identical to the voltage 

and current values corresponding to the port, which means that the sources in a model H 

represent the polarization situation of the corresponding port. For example, taking the case of 

fig. 2, where the network N1 supplies the voltage Vj and the current Ij to polarize the network 

N2. The two models for this example are shown in figs. 7. (a), and (b).  

 

 

Fig. 7. An H-model for a two terminal N1: (a) Type 1 representation; (b) Type 2 

representation. 
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Note that Figs. 7. (a) and (b) are identical to Figs. 3. (a), and 3. (b), except that here, 

the model sources represent the port values. Note also from figs. 7 that, as a result of modeling 

H, another port, k (Vk, Ik) (see fig. 7) is created in N1, where both Vk and Ik are zero. Port k(Vk, 

Ik) is called "null" port, and the process of creating it is called "port cancellation", as will be 

discussed shortly. 

Theorem 1 introduces an important property of a model H that deals with the 

distribution of electricity in a network [13]. It adds an extra dimension to power analysis and 

segmentation of power in a network. 

Theorem 1: Considering an N2 network connected to another N1 network through a 

port (through a gate) j (Vj, Ij), as shown in fig. 2. Replacing N1 with type H or type 2 models 

reduces the energy consumption in N'1 to zero, while the energy consumption in N2 remains 

unchanged. 

Proof: Consider the model H ~ in fig. 3. (a) or 3. (b). Both sources, IH and VH, supply 

power to the N1 and N2 networks. The power delivered to N2 is fixed and is calculated with 

the relation P2 = Vj · Ij; whereas in model 1 of type H ~ the power consumed by the network 

N1 (fig. 3. (a)) is P1 = Req · (IH - Ij)
2. Therefore, the power P1 in N1 becomes zero if IH = Ij 

which results in VH = Vj. However, for model H type 2, we observe from fig. 3. (b) that N’1 

does not have a direct current source from which to obtain energy, plus its port is also 

canceled. Therefore, all currents and voltages inside N’1 must be zero, resulting in zero power 

consumption. 

Port cancellation (Nullification): Consider an N2 network connected to another N1 

network through a port j (Vj, Ij), as shown in fig. 2. One way to cancel Port j is to enlarge the 

port on both sides (N1 and N2) by power sources: the current Ij and the voltage source Vj. The 

result is the creation of another port k (Vk, Ik) which, by definition, is a null port, meaning 

both Ik and Vk are zero. 

However, there is an alternative method of creating a null port when two networks N1 

and N2 are connected through a port j (Vj, Ij), shown in fig. 2. Here we can simply replace N1 

with its model H (type 1 or type 2) and create the null port k (Vk, Ik), as shown in fig. 7. As a 

result of the port cancellation procedure, N’2, is created, which contains the N2 circuit plus 

the sources belonging to the H model. Similarly, another N’1 network is created, on the left 

side, when the H model loses its sources. As will be seen later, these extended networks have 

a particular importance in polarizing the circuit. It is observed that the characteristic curves 

of ports j and k are identical, except for the displacements of v and i, the coordinate axes, 

from the origin to the point Qj(Vj, Ij). This causes the operating point Qj(Vj, Ij) to fall on the 

origin, creating a new operating point Qk(0, 0) for the port k, shown in fig.8. This simply 

means that for any pair of networks, N1 and N2, connected via a port j, it is always possible 

to cancel the port and change N1 and N2 to N'1 and N'2, where N'1 and N'2 are identical to N1 

and N2, except for the v and i coordinate axes which move at the port operating point. This is 

mentioned in Characteristic 1. 
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Characteristic 1: Consider two networks N1 and N2 connected through a port j, as in 

fig.3. If port j is null, then the characteristic curve i-v of the port, searching (looking at us) 

through any network, passes through the origin and the origin is the operating point of that 

port. If port j is not null, it is always possible to cancel the port to obtain the corresponding 

networks N’1 and N’2 with a null port k, as shown in figure 8. 

 

 

Fig. 8. The i-v coordinate axis moved from (0, 0) for the j port to a new position, Q j(Vj, Ij), 

for the k port. 

 

 

4. CONCLUSIONS 

 

The paper presents the necessary and sufficient conditions to be met by one-port or 

multi-port linear circuits to be replaced by equivalent Hybrid circuits. These circuits are 

widely used in the analysis of analog circuits. 

A new modeling technique, called H ~ -modeling, is introduced for multi-port 

networks. It is shown that H ~ models are more dynamic compared to equivalent Thevenin or 

Norton circuits and have the ability to describe port behavior more accurately. A special type 

of model H ~ is also introduced, called model H ~ nullified, or simply model H ~; and many 

properties of H modeling are investigated, including circuit energy management. It is shown 

that the H models are not limited to single-port networks, but also cover multiports. A major 

feature of H modeling is the local polarization of the transistors. It separates the nonlinear 

components from the linear portion of the circuit for faster and more efficient polarization of 

the circuit. Here a designer can take advantage of H-modeling and bias individual transistors 

(or in combinations) with no need to perform the normal circuit biasing. The proposed 

strategy separates linear and nonlinear portions of an analog circuit and takes more control of 

nonlinear portions. This separation of the portions (components) of the circuit is achieved by 

introducing a new port model that cancels the ports of nonlinear devices. In turn, this leads to 

a new technique for polarizing nonlinear components.   
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The paper presents the necessary and sufficient conditions to be met by one-port or 

multi-port linear circuits to be replaced by equivalent Hybrid circuits. These circuits are 

widely used in the analysis of analog circuits.  

The main advantage of Hybrid’s theorem is that it allows us to replace any part a 

circuit which forms a linear resistive one-port (but which is of no interest in a given situation) 

by only two circuit elements without affecting the solution of the solution of the remainder 

of the circuit. 

Thévenin, Norton and Hybrid equivalent circuits are used in the construction of 

Nullified Hybrid equivalent circuits. Equivalent Thévenin, Norton, hybrid and null hybrid 

circuits are used in the local polarization of analog circuits.  

Based on the paper can introduce a guided design procedure for biasing of the 

electronic circuits.   

 

 

REFERENCES 

 

[1] M. Iordache, Symbolic, numeric-symbolic, numeric simulation of the analogue circuits – User’s  

Guides,  MATRIX ROM  Publishing, Bucharest, 2015. 

[2] M. Iordache, Lucia Dumitriu, Teoria modernă a circuitelor electrice - Vol. II - Fundamentare 

teoretică, Aplicaţii, Algoritmi şi Programe de calcul, Editura All Educational S.A., Bucharest 

2000. 

[3] Wai-Kai Chen, Editor-in-Chief, The Circuits and Filters Hanbook, A CRC Handbook 

Publishred in Cooperation with IEEE Press, ISBN 0-8493-8341-2, Florida, USA, 1995. 

[4] C. A. Desoer and E. S. Kuh, Basic Circuit Theory, New York: McGraw Hill, 1969. 

[5] Mourad Fakhfakh, Marian Pierzchala, Editors, Pathological elements in analog circuit design, 

Springer U.S., 2018. 

[6] T.L. Pillage, R.A. Rohrer, and C. Visweswariah, Electronic circuit & system simulation 

methods, New York, McGraw-Hill, 1995. 

[7] J. Vlach and K. Singhal, Computer Methods for Circuit Analysis and Design, Van Nostrand 

Reinhold Electrical/Computer Science and Engineering Series, 1983. 

[8] W. J. McCalla, Fundamentals of computer-aided circuit simulation, Kluwer Academic 

Publishers, Boston, 1988. 

[9] A. E. Schwarz, Computer-aided design of microelectronic circuits and systems, Academic 

Press, London, 1987. 

[10] A.S. Sedra, and K.C. Smith, Microelectronic Circuit, 6th ed. Oxford University Press, 2010.  

[11] L. O. Chua, P., M., Lin, Computer-aided analysis of electronic circuits: Algorithms and 

Computational Techniques, Prentice Hall, Englewood Cliffs, New Jersey, 1975. 

[12] L.W. Nagel, SPICE2, A Computer Program to Simulate Semiconductor Circuits, Univ. of 

California, Berkeley, CA, Memorandum no. ERL-M520, 1975. 

[13] Lucia Dumitriu, M. Iordache, Generation of the Transfer Functions for MIMO Systems, Chapter 

4; Lucia Dumitriu, Mihai Iordache, Sensitivity Computation Based on Auxiliary Circuits, 



Carpathian Journal of Electrical Engineering           Volume 15, Number 1, 2021 

93 

Chapter 9, in book Design of Analog Circuits through Symbolic Analysis, Eneration of the 

Transfer Functions for MIMO Systems, Mourad Fakhfakh, Esteban Tlelo-Cuautle and 

Francisco V Fernandez (Eds), Bentham Science Publishers, pp. 83-114, pp. 228-262, 2012. 

[14] Lucia Dumitriu, M. Iordache, I. Matei, Symbolic tool for analysis and design of analog linear 

circuits, Revue Roum. Sci. Techn. - Électrotechn. et Énerg., Bucharest, tom 45, nr. 2, pp. 253-

265, 2000. 

[15] R. C. Jaeger, and T. N. Blalock, Microelectronic Circuit Design, 4th ed. Mc Graw-Hill Higher 

Education, 2010. 

[16] R. Jacob. Baker, CMOS, Circuit Design, Layout, and Simulation, 2nd ed. IEEE Press, Wiley 

Interscience, pp. 613 – 823, 2008. 

[17] R. C. Melville, L. Trajkovic, S.C. Fang, and L. T. Watson, Artificial parameter homotopy 

methods for the dc OP problem, IEEE Trans. Computer-Aided Design, vol. 12, no. 6, pp. 861-

877, Jun. 1993. 

[18] L. B. Goldgeisser and M. M. Green, A Method for Automatically Finding Multiple Operating 

Points in Nonlinear Circuits, IEEE Trans. Circuits Syst. I, vol. 52, no. 4, pp. 776-784, April. 

2005. 

[19] Y. Inouea, DC analysis of nonlinear circuits using solution-tracing circuits, Trans. IEICE (A). 

vol. J74 A, pp. 1647-1655, 1991. 

[20] C.W. Ho, A.E. Ruehli, and P. A. Brennan, The modified nodal approach to network analysis, 

IEEE Trans. Circuits Syst., vol. CAS-22, no.6, pp.504-509, June 1975.  

[21] R. Hashemian, Designing Analog Circuits with Reduced Biasing Power, to be published in the 

Proceedings of the 13th IEEE International Conf. on Electronics, Circuits and Sys., Nice, 

France Dec. 10– 13, 2006. 

[22] Mike Smith, WinSpice3 User’s Manual, v1.05.08, May 2006, 

http://www.ousetech.co.uk/winspice2 

[23] Esteban Tlelo-Cuautle edit., Advances in analog circuits, January 2011, 

https://www.researchgate.net/publication/234007937 

 

 

  

http://www.ousetech.co.uk/winspice2
https://www.researchgate.net/publication/234007937

