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Abstract: This study presents a unified time-domain analysis of three fundamental bipolar-junction-transistor amplifier
topologies—common-emitter (CEA), common-collector (CCA), and common-base (CBA)—under both low- and high-
frequency transient conditions. Unlike traditional small-signal or SPICE-based approaches, this work employs a state-space
modeling framework implemented in MATLAB-Simulink to derive and simulate the dynamic behavior of each topology.
The models capture both steady-state and transient responses, offering deeper insight into system dynamics, including the
effects of Miller capacitance at high frequencies. The CEA demonstrates high voltage gain, while the CCA and CBA
exhibit lower but topology-consistent gains, with simulation results closely matching analytical predictions. Although
experimental validation is not included, the simulation parameters are carefully selected to reflect realistic operating
conditions. The novelty of this work lies in its application of state-space methods to analog amplifier modeling, providing
a transparent and extendable foundation for analyzing more complex circuits such as operational amplifiers. This approach

enhances theoretical understanding and supports practical design decisions across a wide range of analog applications.

Keywords: BJT amplifiers, low and high frequency operation, simulation modeling, transient’s analysis, voltage gain

characteristics

1. Introduction

The field of low-power signal amplification remains a cornerstone of analog microelectronics, especially in
applications that require high performance over a wide range of frequencies. Among the active devices employed in
amplification tasks, bipolar junction transistors (BJTs) continue to hold significance due to their intrinsic gain

characteristics and well-understood behavior, despite the prevalent dominance of operational amplifiers (Op-Amps) in
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contemporary analog circuit design [1-5]. While Op-Amps are favored for their ease of implementation and high input
impedance, their limitations—particularly regarding output drive capabilities and frequency response linearity—make
BJTs a competitive choice for precision and high-frequency analog applications [6,7].

Traditionally, the design and analysis of BJT-based amplifiers rely on small-signal models and hybrid-n equivalent
circuits, typically analyzed in the frequency domain [8—11]. However, such methods often neglect time-domain
characteristics essential for predicting transient responses, which are critical in many real-world signal-processing and
communication systems. Furthermore, commercial circuit simulators such as LTspice and PSpice often employ black-box
behavioral models that obscure the underlying physics and limit analytical insight. To address this gap, this work adopts a
state-space modeling framework that captures the time-domain dynamics of BJT amplifier topologies under both low- and
high-frequency conditions.

A robust understanding of the fundamental amplifier topologies—common-emitter (CEA), common-collector (CCA),
and common-base (CBA)—is essential, as each configuration offers distinct advantages. The CEA is known for its high
voltage gain and sensitivity to the Miller effect at high frequencies [12,13]. The CCA, or emitter follower, offers low output
impedance and unity gain, making it ideal for impedance matching [14], while the CBA provides superior high-frequency
performance due to its inherently low input impedance and minimal Miller capacitance influence [15].

Despite their ubiquity in electronics education and analog design, few studies present a unified time-domain modeling
framework for these topologies that allows a direct comparison of their transient behaviors. Recent research [16—18] has
explored variations in transistor-level behavior under non-ideal and high-frequency conditions, but these works often treat
the amplifier configurations separately or focus exclusively on steady-state performance. This paper seeks to bridge that
gap by developing and validating state-space models for the CEA, CCA, and CBA topologies that are valid across
frequency domains.

The novelty of this work lies in its application of state-space modeling to analog amplifier circuits, enabling a dynamic,
time-domain analysis that is both analytically and simulation-friendly. This approach not only enhances understanding of
transient behavior but also lays the groundwork for modeling more complex analog systems, such as operational amplifiers,
where internal stages often mirror the topologies studied here. By validating the models through MATLAB-Simulink
simulations, the study offers a transparent and extendable framework that complements traditional SPICE-based tools and
supports future integration into larger analog design workflows.

In this context, the manuscript is structured to reflect theoretical contributions. Section 2 outlines the topological
structure and typical operating conditions of each amplifier configuration. Section 3 derives the complete state-space
models, incorporating both linearized and nonlinear circuit elements. Section 4 presents the analytical solutions derived
from these models. Section 5 validates these solutions through transient simulations using MATLAB-Simulink, comparing
analytical results with numerical outputs to confirm model accuracy. Section 6 concludes the study by summarizing the

key insights and discussing their implications for amplifier design and future extensions to more complex analog systems.

2. Amplifiers based on BJTs topologies

The foundational theory of BJT-based amplifiers encompasses three primary configurations, each optimized for
specific performance metrics in analog signal processing: the CEA, the CCA, and the CBA [19,20]. Among them, the CEA
is the most widely used due to its high voltage gain and moderate input impedance. The CCA, also known as the emitter
follower, is commonly employed for impedance matching and buffering. The third topology, the CBA, is typically used in
high-frequency applications where its low input impedance and wide bandwidth are advantageous [19,20].
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Figure 1 provides a schematic overview of the three configurations: Figure 1a corresponds to the CEA, Figure 1b to
the CCA, and Figure 1c to the CBA. In the CEA configuration, the BJT labeled Q; is biased by a voltage divider formed
by resistors R; and R», which sets the dc base voltage and ensures the transistor operates in the active region. The collector
and emitter are connected to resistors Rc and Rg, respectively, while Ry represents the external load resistance. A sinusoidal
input voltage vi(t), applied in series with its internal resistance 7, is capacitively coupled to the base terminal through
capacitor C;, which includes its equivalent series resistance (ESR) rci. The output voltage vo(t) is similarly extracted
through capacitor C, (with ESR rc»), which isolates the dc bias while allowing ac signal transfer to the load [19]. The
dynamic behavior of the amplifier is captured by the collector, base, and emitter currents—ic(t), is(t), and ig(t)}—as well as
the load current i (t) and output voltage vo(t).

Figures 1b and 1c illustrate the CCA and CBA configurations, respectively. Structurally, these topologies retain key
elements from the CEA, including the voltage divider bias network (R; and R») and coupling capacitors (C; and C, with
ESRs). The input source remains vi(t) in series with 7;, and v,(t) continues to represent the principal output variable. Each
topology integrates a load resistor Rr, and the BJT labeled Q; remains the active element across all cases, maintaining

design consistency for comparative analysis.
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Figure 1. Various topologies of BJT-Amps are shown. (a) CEA. (b) CCA. (c) CBA.

3. Modeling of the common-emitter, common-collector, and common-base

amplifiers

This section deals with the derivation of the fundamental equations governing the CEA, CCA, and CBA. The analysis
includes considerations for both dc and ac operating conditions. To further refine the modeling approach, BJT-Amp are
characterized under low-frequency and high-frequency models within the ac mode. Throughout this modeling process,

transistor Q; is assumed to operate in the linear region, ensuring fidelity of signal amplification with due care to accuracy
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and precision [19,20]. This fundamental approach sets the stage for a comprehensive understanding of the dynamic

behavior exhibited by each amplifier configuration across a spectrum of operating conditions.

3.1. DC operation for CEA

It is notable that the equations derived for the CEA extend their validity to the CCA and CBA [19-21]. During dc
operation, the coupling capacitors (C; and C>) exhibit open-circuit behavior, resulting in a modified circuit configuration
shown in Figure 2a, which is recognized as a dc-biased CEA [19,20]. In this scenario, Vg refers to the dc voltage measured
between the base and emitter terminals.

To simplify the analysis, the combination of resistors Ri, R», and the voltage source Vcc yields a Thevenin equivalent

circuit, resulting in a specialized CEA circuit specifically designed for dc operation, as shown in Figure 2b.

(@ (b)

Figure 2. ECA operating in dc regime. (a) Topology in dc bias. The capacitors C; and C; act as open circuits. (b) Topology in dc bias with equivalent

Thévenin input network.

Note that lowercase letters in Figure 2 are replaced with uppercase letters to indicate the representation of dc-only

components. Key definitions in this context include:

Ry
Ve = R_Z'VCC (1)
Ry =R,|IR, (2)

Considering (1) and (2), the information shown in Figure 2b, and references [19,20], the operating point of the CEA

can be precisely determined to achieve the maximum voltage output excursion, vo(t). This operating point is defined as

follows:
1
Verg = 5 Vee 3)
Ve — Ve
[y = —2 5%
Q" Ry/p + Ry @)

Equation (4) explicitly denotes f as the gain in dc [19]. Since the underlying assumption is that Q; operates in the
linear region, the expressions Icq = I, Irq = Icq, and Ve = 0.7 V can be confirmed. This thorough analysis provides a
comprehensive understanding of the operating dynamics of the CEA under dc conditions and confirms the reliability of the

established equations and circuit configurations.
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3.2. AC operation for CEA in low frequency

The BJT amplifier contains strategically designed capacitors to couple the output to the load and to couple the voltage
source to the base of the CEA. Although these capacitors are designed to remain open under dc conditions, they gradually
deviate from the shorted state as the frequency decreases. As a result, their short-circuit capability degrades and they are
not short-circuited anymore, so their behavior must be taken into account [22].

Figure 3a shows the small-signal model of CEA valid for low-frequency operation. If f>>1 and recognizing that R;
=ri+rciand R.' = £ (hib + R.), where hib = hie/ 3, a simplified version of the model in Figure 3a can be developed, which
is described in Figure 3b. Finally, the model in Figure 3b can be further simplified by recognizing that the current-controlled
current source and the resistor R. can be combined in such a way as to produce a current-controlled voltage source
connected in series with R.. It is then easy to see that R, = R. + rc2. This new version is shown in Figure 3c. The derivation
of a state-space model from the representation in Figure 3¢ involves the identification of state variables (SVs), input and
output. In this case, two state variables are identified, vci(f) and vea(f), with vi(f) as the input and vo(¢) as the output.
Kirchhoff's voltage (KVL) and current (KCL) laws are applied to the circuit in Figure 3¢ to formulate the state-space model,

as shown:

x(1) = A-x(?) + B-u(t)
t@=Cxw+Du@ Q)

Here, x(7) denotes the vector of state variables, x(¢) = [vci(f), vea(£)]". The variables u(f) and y(7) represent vi(f) and
vo(?), respectively. Symbolically, x(¥) € {R}? and {u(?), y(f)} € {R}. The matrices A, B, and C denote the state, input, and

output matrices, respectively while D denotes the direct-transmission constant. Their definitions are shown as follows:

1 1
! o k"
A=| ! ,B= 1,C=r31,D=k
k1 k| s 2 ©
(5] (5]

Symbolically, A € s {R}, B € Mloxi {R}, C € M2 {R}, and D € {R}. Additionally, the constants 7 (i € {1, 2})
and k;i (j € {2, 3}) are given by:

fon = BRe Ri||Ry| R
21 — R.-R.
e 1Y
k ::B'RLHRO'RE'Ri”RbHRe'
{Tl = Cl (Rl + Rb”Re') . Ro'Ri'Re' (7)

7= Cy Ry ' o — ks,
)= —
B

RL”RO

kan =

33 R

Also, from here, R.’ = R, + Ry.. Basically, 7 and k; are the time constants related to the RC structures of the input and
output of the small-signal model and the steady-state gains of the circuit, respectively. This meticulous formulation lays

the groundwork for a comprehensive understanding of the CEAs’ ac operation at low frequencies.

3.3. AC operation for CEA in high frequency
To evaluate the high-frequency response of BJT-Amps, the n-hybrid model, which reflects the hybrid parameter model
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Figure 3. Equivalent small-signal model, based on hybrid parameters for the CEA valid for low frequencies. (a) Non-simplified circuit of the small-
signal model. (b) Simplified circuit considering f>>1, R; = r; + rc) and Re = S-(hib + R.). (c) Simplified circuit considering the conversion of the

controlled current source by a controlled voltage source.

discussed in subsection B [19,21], is essential. The high-frequency model for the CEA, shown in Figure 4a, uses the n-
hybrid model. After identifying that R, = R¢/[R. and considering that r.. >> R,, it is possible to simplify the model
eliminating ry., which is much larger than all the other resistors in the circuit. Additionally, 7y can be eliminated from the
model since rpy << rye. It should be noted that the input and base diffusion resistances are denoted by ry. and rpy respectively
[22]. Finally, Miller's theorem [23] can be applied, where Cm = Cue(1 — Ay) is the Miller capacitance, resulting in the
equivalent circuit shown in Figure 4b. Also, Cy. is the collector junction capacitance. In practice, this capacitance is
negligibly small at high frequencies [19,20]. The constant g = 1/hib. The model shown in Figure 4b can be simplified
again by considering that .. >> R,, and that the impedance associated with the effective capacitance Cyc'(1 — 1/4y) >> R..
Additionally, given that Ry. = Ry||rve and C; = Cye + Cy, the simplified equivalent model is shown in Figure 4c. Finally, A,
represents the CEA gain for mid frequencies, which is defined as 4, = —gm'R, [19,20].

It is important to note that the B' terminal is the base junction, while B is the base terminal. The model assumes that

the coupling capacitors (C; and () act as short circuits. In addition, the equivalent series resistances, namely rci and rca,

Journal of Electronics and Electrical Engineering 30 | José M. Campos-Salaza, et al.



31

( 1lfc
+ + +
"1(’) EER[‘ vb'e(’) F e ==('b'c gm'vb'ﬂ(r) S Fee ‘:R-. ‘:RL "o(f)
E =4
(a)
n B C
+ + +
v O R Vool ) #r. O, Cy EnVyl = Cpo(1 = VAN 1. 3R, v (1)
P4
(b)
7 B C
+ +
ORI IRXGE FER( ) ERORE YRR
E——

(©)

Figure 4. Equivalent small-signal model, based on m-hybrid parameters for the CEA valid for high frequencies. (a) Non-simplified circuit of the small-
signal model. (b) Simplified circuit considering r.. >> R,, also v is much larger than all the resistors and resistors in the circuit. 7y << ry is
considered as well, and finally the Miller theorem is applied where Cyy = Cye'(1 — 4,). (¢) Simplified circuit considering that r.. >> R, and Cy(1 —

1/4,) >> R,.

are omitted from the model due to the high-frequency nature of the analysis [24].

The capacitance Cy. combines the emitter diffusion capacitance and the junction capacitance. Due to the significant
difference in magnitude between these capacitances, Cye approximates the diffusion capacitance, also known as the base
load capacitance [19,20].

Incorporating the definition of 4, into the definition of Cy, the new definition of Miller capacitance can be stated as:
Cw = Cye'(1+g,°Ro) ®)

Like the low-frequency analysis, it is imperative to identify the SVs, input, and output before deriving the dynamic
equations. This high-frequency model has a singular state variable vye(¢), with vi(¢) as input and vo(¢) as output. Denoted
x(1) = ve(9), u(t) = vi(t), and y(¢) = vo(t), considering that {x(?), u(?), y(¢)} € {R}, and performed KVL and KCL to model in
Figure 4c, the high-frequency dynamic model for the CEA is expressed as:

dx()  kyy

1
T T—l'u(f) - ;-x(t)

y(0) == Ryg, x(0)

©)

where 71 = CyRyel|ri, and ki1 = (Rye||i)/ri. This comprehensive dynamic model provides detailed insights into the high-
frequency behavior of the CEA.
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3.4. AC operation for CCA in low frequency

The dynamic characteristics of the CCA in the low-frequency operating range are similar to those of the CEA [19—
21]. The valid low-frequency small-signal model based on the hybrid parameters of the CCA is illustrated in Figure Sa. In
this case, R; can be simplified as the sum of r; and rci, as shown in Figure 5b.

In this model, two SVs are identified, labeled vci(¢) and veo(f), with the input and output labeled vi(¢) and vo(?),
respectively. Applying KVL and KVC to the circuit in Figure 5b yields a state-space model in the form of (5), where the

state matrix A, input matrix B, output matrix C, and constant D are defined as follows:

[ 1 k11'| [k12'|
- - T

we| Lo [0 oo
oy Ik21 I ks 31 (19)

ul g
0
I._; Z'zJ

Furthermore, x(¢) = [vci(?), ve2(O]T, u(?) = vi(t), and y(f) = vo(f), symbolizing the SV vector, input, and output,
respectively. Symbolically, A € th € {R}, B € wdlox {R}, C € Mo {R}, and D € {R}. In addition, x(¢) € {R?} and
{u(®), y(©)} € {R}. The constants s and ks are given by (11). From here, Reqx (x € {1, 2, 3,4, 5}) are defined in (12).

3.5. AC operation for CCA in high frequency

The CCA is characterized by a voltage gain close to one, making it a common choice for handling high frequencies. Its
topology, based on the small-signal n-hybrid parameter model, is shown in Figure 5 6a. Additionally, it is important to note
that these amplifiers have a capacitive load, which is why a Ci capacitor is included with its corresponding ESR, with an
appropriate value that does not allow the Cy. to be turned into a short circuit [19,20]. Figure 6a can be simplified by (12)
converting the voltage sources, the non-controlled and the controlled, by their dual current sources, and by considering R;

= ri||Ry, as shown in Figure 6b. The circuit can be further simplified by converting the non-controlled current source into

Vol f Veall
Yerld) | +C;Q
rnoore Cp B hie E Fea Cy
> T - L3
iey(1) iplf) ies(D)¥ +
+ _ ]
YO R, iR, 0 1 Voll)
C =
(@)
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Jeild) Jeld)
R, (.:' B hie E Fea (.:2
> L] - L]
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+ L
n(HO N VA (Y Y0 1y Vol?)
C =
®)

Figure 5. Equivalent small-signal model, based on hybrid parameters for the CCA valid for low frequencies. (a) Non-simplified circuit of the small-

signal model. (b) Simplified circuit considering R; = r; + rc).
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] eqy R (12)

eqs
_ Rb‘(RL + Re + rCZ)
eqy R

eqs

Reg, = (Ry + R)-(RL + Re + rc,)-(Ri[|Ry+ hi€) + Req (R + rc,) + B-R-Ri-(Ritrc,)

its voltage dual, as shown in Figure 6¢. Also, this model represents a modified equivalent circuit in which the Miller
capacitance (Cw) is absent due to the proximity of the voltage gain to unity [19].

Upon analyzing the model presented in Figure 6c, it becomes apparent that the system consists of two SVs, namely
veve(f) and ver(f), with an identification of an input and an output, namely vi(f) and vo(f), respectively. Therefore, the
following definitions can be made x(¢) = [vewe(?), veL(H)]T, u(?) = vi(¢), and y(f) = vo(?). These correspond to the state vector,
input, and output, respectively, all of which are scalars. By applying KVL and KCL to the model in Figure 6¢, the dynamical
equations and the output equation can be derived and represented as the state-space model defined in (5). In this case the

state matrix (A), the input matrix (B), the output matrix (C), and the direct-transmission constant (D) are defined as follows:

ol Bl oy

_ 71 _ 10 _ [~ _

A_l ky 1|’B_|k21|’c_[ 1 ] D= ks (13)
(%) (%) (%)

On the other hand, A € hx {R}, B € Mo {R}, C € Mix {R}, and D € {R}. The constants of the model are given
by:

Ry
R, ky =B &
71 = Cye' Ry Fin = T fur = RLH”CL
{TZ_CL'(RL+}’CL)’ _ &’ 3T Ri (14)
for =4 Ry |lrc
' ky, = p . =
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Figure 6. Equivalent small-signal model, based on n-hybrid parameters for the CCA valid for high frequencies. (a) Non-simplified circuit of the small-
signal model. (b) Simplified circuit considering converting non- controlled and controlled voltages into their dual-current sources and taking into

account R; = ri||Ry. (¢) Simplified circuit considering that 7. >> R, and Cy(1 — 1/4,) >> R,.
Symbolically, x(f) € {R}?and {u(?), y(f)} € {R}.

3.6. AC operation for CBA in low frequency

It is worth noting that this topology does not produce any current gain, but it does produce voltage gain [20]. Figure
7a illustrates the small-signal model based on hybrid parameters, which is valid for low frequencies of the CBA. Upon
observing the model in Figure 7a, it can be determined that R; = 7; + rc; + hib and that the output admittance is very small,
indicating that 1/hob = o and can be neglected. Therefore, the simplified model in Figure 7b is presented.

This model has two SVs, vci(¢) and vea(?), an input labeled vi(£), and an output labeled vo(£). The state vector x(7), input
u(?), and output y(¢) can be defined as x(¢7) = [vci(?), vea(D)]", u(?) = wi(£), and y(£) = vo(?), respectively. Symbolically, x(¢) €
{R2}, and {u(?), y(¢)} is in {R}. Applying the KVL and KCL to the model in Figure 7b, the state-space model is derived
and described in (5). The state matrix A, input matrix B, output matrix, and direct-transmission constant D are defined as

follows:

A—I[_Tl O-I BZITII C:[_k3|T D=k (15)
I_lE Ola IIEI’ 1 > 31
I. (%) J (%)

Symbolically, A € b € {R}, B € Mlox {R}, C € Mixo {R}, and D € {R}. The constants 7; (i € {1, 2}) and ;;
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Figure 7. Equivalent small-signal model, based on hybrid parameters for the CBA valid for low frequencies. (a) Non-simplified circuit of the small-

signal model. (b) Simplified circuit considering that 1/40b = o and R; = r; + rci + hib.

(j € {2, 3}) incorporated in (15) are defined as follows:

T = C] .Ri hfb
) 16
{Tz =GRy ks = R (16)

3.7. AC operation for CBA in high frequency

According to [19], the CBA has a superior high-frequency response compared to the CEA. This attribute can often
result in a higher voltage gain, which in turn causes the Miller capacitance to become significantly more substantial. As
shown in Figure 8, the Miller effect in the circuit has less impact at high frequencies. This is due to the small-signal model
based on n-hybrid parameters.

The model includes two SVs, vye(?) and vo(¢), denoted as x1(¢) and xa(¢), respectively. Therefore, x(£) = [x1(£), x2(£)]" is
the state vector. On the other hand, the input (u(¢)) and output ()(¢)) are identified as vi(f) and vo(¢), respectively.
Symbolically, x(f) € {R?} and {u(?), y(£)} € {R}. The state-space model defined in (5) remains consistent, with the state

matrix (A), input matrix (B), output matrix (C), and direct-transmission constant (D) specified as follows:

! 0 k
- 11 T
_ T _ | _J0 _
Al ]S %]'C—h] D=0 )

where symbolically, A € Ahx2 € {R}, B € Ml {R}, C € ix2 {R}, and D € {R}. Also, the - and k-constants are given

by (18).
Table 1 summarizes the small-signal models for BJT-Amps configured as CEA, CCA, and CBA, with their

corresponding mathematical models at low and high frequencies.
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4. Solution of the dynamic and state equations of BJT-amps

In this section, the time expressions of each of the dynamic and state variables related to the models of BJT amplifiers
valid in the low and high frequency ranges, derived in the previous section, are obtained. This study makes it possible to
obtain a more complete knowledge of the parameters involved in the dynamics of these amplifiers, including both their
dynamic and state variables and their selected output variables. With this knowledge, better design conditions can be
established.

As can be seen below, most BJT amplifier models are represented by their state space models. In most cases in this
study, the system consists of a state vector and a scalar input and output. It is well known that the state space model consists
of a state equation and an output equation [25-27]. Therefore, it is necessary to solve the state equation, since in most cases
the output variable is composed of its SVs, and then, knowing the expressions that model the dynamics of the SVs, the
dynamics of the output variable [25-27] will also be known.

In most of the low and high frequency BJT amplifier models studied in this paper, the state equation is defined as
follows:

dx(?) dx(?)
e Ax(®) +Bu(?) = T Ax(®) =B-u(?) (19)

From (19) where, as already mentioned, the variables x(7) and u(¢) are the state vector and input variable, respectively,
and the matrices A and B are the state and output matrices, respectively. Furthermore, (19) is a first-order linear differential
equation. It can be solved by many methods, such as using integration factors, linear differential operators, and using the
Laplace variable [26,27], among others. However, taking advantage of (19) being in its state equation form, it is solved
using the state transition matrix (®@(¢)) [26-28]. Note that all initial conditions of the states of each of the models are zero,
i.e. xo = 0, where xo is the vector of initial state conditions. Symbolically, xo € {R?}.

Defining @(¢) = e*? and multiplying it by ®(—) on both sides of (19), it follows to (20). The mathematical structure
described in (20) can be recognized as the result of applying a derivation using the chain rule (21). Therefore, integrating

both sides of (20) from zero to ¢ yields a new expression given by (22).
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Table 1. Summary of the small-signal models for CEA, CCA, and CBA.
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oA, dx(?)

PRl A-e™Ax() =e A1 Bu(f) (20)

%(e_‘”-x(t)) = A Bu(p) 1)

t t

e Ax(1) — x, =f e A Bay(y)-dy

e AV-Bu(y)-dy =x(f) = e A'x, +J.
0

0
(22)

Sx () = D)X, + f @t — y) Bu(y)-dy
0

Thus, (22) is the solution of (19). Equation (19) reveals that x() is the sum of two terms: one resulting from the initial
state transition and the other from the input to the system. Therefore, x(#) describes the change in state relative to the initial

conditions xo and the input u(¢). In current state-space theory [26-28], (22) can be defined as:
X(£) = X4i(1) + Xas(2) (23)

Xzi(?) represents the zero-input response (i.e., u(f) = 0), and Xzs(¢) represents the zero-state response (i.e., xo = 0). Finally,

and according to [26], @(¢) can be found and described as follows:
D) =t =Z(sT-A)"] (24)
Here, s is the Laplace operator, and I is the identity matrix of the same size as A. With this information, it is possible
to solve all the state equations associated with the dynamic models considered in this article. The process begins by
obtaining ®(#) and then computing it in (22).

4.1. Solution of the CEA low frequency small signal model

The matrix A that corresponds to the CEA model is defined in (6). By computing (24), it is then possible to obtain the

following:
_t 1y
e T 0 e T 0
() = iy |, @—y) = A e N (25)
c: (e 1 +e rz) e ™ c (C 71 +e @2 ) e

From here, ¢ = ky1-71/(71 — ). Also, k21, 7one, and n are defined in (7). After substituting (25) into (22) and performing
some algebraic manipulations, the expressions of the SVs associated with this model are given by (26).

Equation (7) defines both k»; and 7; and n. Also, Py = 1/, On = PuV, On = ki /(n-sqrt(Pn® + ¢?)), and O =
O»sin(6). Finally, j = atan(w/Pi) where j € {0, ¢} andi € {1, 2}. Also, 0= 0 — ¢ where V is the peak-to-peak voltage of
the vi(f). Analyzing the dynamics of vci(¢) and vco(#) and computing (5), the output expression is derived, which in this case
18 vo(2).

Expressions (26) describe the dynamic behavior of a system through its state variables, vci(¢) and vea(?), as they evolve
over time. These expressions reveal a complex interaction between oscillatory components and transient decay. The
sinusoidal terms, modulated by exponential decay factors, confidently represent the system's response to external inputs

and initial conditions. The magnitudes of these sinusoids are normalized by the square root of the sum of the squares of the
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ve, (O = & -(sin(ew-t — ) + sin()-e~"11")
ve, (D) = O -(sin(ew-t — ) + sin(p)-e~F211) —

Jraeor =
9 -(sin(w-t — 6) + sin(5)-e~F21) — 9

,’leerCU2 1/1)212*602

frequency and characteristic frequencies (P11 and P»), which dictate the magnitude of oscillations. The coefficients Qi

((e~Pirt — g=Purt)

and (O regulate the amplitudes of these sinusoids. The temporal order of these oscillations is determined by the phase
shifts 6, ¢, and J. Additionally, the system's damping is controlled by exponential terms with decay rates P11 and P,;, with
higher values indicating faster convergence to steady state. Overall, this system is characterized by a strong interaction
between state variables. The terms in the equations account for the difference between characteristic frequencies of state
variables, which affects their transient behavior and stability. These equations shed light on the dynamics, stability, and

interactions between components of the system, providing a detailed understanding of its transient response.

4.2. Solution of the CEA high frequency small signal model

The CEA's high-frequency dynamic model is represented by a single equation of state, which is not solved through
the use of @(f). However, by making slight modifications to the state equation in (9), the state equation to be solved is

defined as:

dvye (1)
dt

+ Pivye () = Q) -sin(w-1) (27)

where P11 = 1/7 and Q11 = kii-V/ 7. The values of 7; and ki are defined in subsection C titled ‘ac operation for CEA
in high frequency.

Equation (27) is a first-order linear differential equation that can be solved by using an integration factor (/F) to
convert it into an exact equation. In this case, IF = ¢*!!*, By multiplying both sides of (27) with IF, the following form of

this equation can be identified:

d
a(e_P“‘t-vbve(t)) =0, e~ P1rtsin(w-r) (28)

Integrating both sides of (28) and considering zero initial conditions, the time expression of vye(?) is obtained and

expressed as:

Qll

vb,e(t)=\/272~(sin (@-t—60)+sin(0)-e"") 29
P +o

where 6 = atan(@/P11). Finally, replacing (29). Finally, by replacing (29) which has already been evaluated in (9), the
voltage v,(?) is obtained.
Equation (29) demonstrates the time-dependent behavior of wye(f), exhibiting both oscillatory and decaying

characteristics. The amplitude of the sinusoidal component is determined by the coefficient Qi; and the ratio of the
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frequency to the square root of the sum of the squares of the characteristic frequency (P11) and the frequency. This ratio
controls the magnitude of the oscillation, with higher frequencies or lower fundamental frequencies resulting in larger
amplitudes. The phase shift § determines the temporal orientation of the sinusoidal waveform, affecting its position on the
time axis. The exponential term with decay rate Pi; regulates the damping of the oscillation, with higher values resulting
in faster decay. This equation offers insight into the evolution of vye(¢) over time, capturing both its oscillatory behavior

and its tendency to converge to a steady-state value determined by the decay term.

4.3. Solution of the CCA low frequency small signal model

To obtain the ®(¢) matrix, (24) is calculated using the matrix A related to the low frequency CCA defined in (10). The

computation of (24) results in the expressions given by:

. * % . %
Cll.e yl+cll -e vt _012.(e /t_e i t)

o) = o (e-y" ~ e-y*»t) R
21 € Cp €
(30)
e 7 oy Ter W) 1y (e-v~(t-w)_e-v*~(t-w))
O(t—y) = . :
—Coy- (e—y~(t—w) —e7 ~(t—l//)) N A 2 e GalD)
From here, all parameters and constants are defined by:
o = 1 k21
20T 5T ——
2
(2 ’oc2 - B
1 o =1
‘n= 5 1
a? — 2= 5 f—
‘i Ty 1 —1
’az e = 5 1+ '7
p— 1 .
2
L / e /az 5

Y =at

The parameters «, f, 71, and n are clearly defined as follows:

0= 5= f= (32)
2 7lr, T1'

From here, 71| = 71" »/(71 + ). After replacing (30) in (22) and simplifying the resulting expression, the dynamic for

vei(?) and vea(?) can be derived in a compact form given by (33). Also, i € {1, 2}. All parameters and constants in (33) are

defined by (34). Here P = 1/, On = ka/ %, and Qa1 = ko1/ . 1t should be noted, that k;1, k21, and 7 are already defined in
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ve, () = (Cyp-e™1 + Cp-e™2") + (VC“ sin(e-t +6) + Ve -sin(e-t + a,.z))

( 1
%1 = E'ail
Ve, = _ Ui By =~ba
i1 —
T my? + w? ay =P+ Py
V. = Ui2 bil :PII'PZI - Q11'Q21
T TT— =0+
2 Jmy? + o2 0,1 =05 + 0
’ o =01 — i
— o 2_p2 0]
m; ont Jan® =B, 0, = tan™! (_)
mp
— mp
mp=— o — |ay® =B, @, = tan’! (—')
®
af @
0, =tan™ [—
m;

(11). Integration constants are defined as well, assuming null initial conditions stated as follows:

Ch=— (—) (=mp Ve, sin(o;) —myp- Ve, sin(op) +
mpj — Mmp

+ Ve, sin(o;) + w-Vciz-sin(aiz))

1
Cn= (—m ) (=my Ve, sin(oy) — my Ve, sin(o) +
i~ Mp

+ (D‘Vciz‘sin(o'[l) + CO‘VCI.] 'Sil’l(O'[z))

(33)

(34)

(35)

The output voltage vo(f) is then obtained by substituting the result of (33) into (5). Equation (35) provides a detailed

account of the voltage dynamics vci(f), including both exponential decay terms and sinusoidal components that reflect the

transient and oscillatory behavior of the system. The amplitudes Vi1 and Vci of the sinusoidal terms are determined by Uy

and Uy, respectively, and are influenced by the frequencies and decay rates m;; and mj. The decay rates are calculated

using the constants a;; and fi;, which depend on the parameters a;i, bi1, P11, and P;. The phase angles o1 and op are

determined by 6;1, i1, and J;1, reflecting the relationship between frequency and decay rate. Additionally, the integration

constants C;; and Cj» account for the system's initial conditions, ensuring a smooth transition from transient to steady-state

behavior. Overall, (34) provides a comprehensive framework for understanding the time evolution of vci(?), capturing both

transient and oscillatory phenomena in a complex yet interpretable manner.

4.4. Solution of the CCA high frequency small signal model

The matrix ®@(f), which is related to the matrix A defined in (13), is defined as:

t

e 1

o) = . (e_t

iy

e 0

0
oty _t], @@ —y) = A N
n—e 17 e n cle 2 —e 1 e

(36)

where ¢ = k' 71/(71 — 1) and k2,71, and n are defined in (14). After substituting (36) into (22) and performing some

algebraic manipulations, the expressions of the SVs associated with this model are described as follows:
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Ve (@ = A -(sin(w-t — ) + sin(@)-eF11)

ve, (O = A-(sin(a}‘t — ) +sin(p)-e~F21) —
P212 + w2
' (37)

- 919 -(sin(w-t — 8) + sin(9)-e~F21) —
\/P112 + wz_\/lez + w?
— 9,0y sin(0)-(e~F11t — g=P21)
W'(PZI — P11

The constants P;; = 1/%, Qi = ki V/ 6, O = kn/n, and j = atan(@/Pi1), 6= 60 + ¢, wherej € {0, ¢} and i € {1, 2}.

Equation (37) clearly describes the voltage dynamics across the base-emitter capacitance (vcye(£)) and the load
capacitance (vcr(?)) in a transistor amplifier circuit under sinusoidal excitation. This equation provides a comprehensive
understanding of the circuit's behavior and can be used to make informed design decisions with confidence. The constants
O11, 021, and QOx represent the amplitudes of sinusoidal components, while Pi; and P, are inversely related to time
constants (7; (i € {1, 2})) governing the exponential decay rates of these components. The angular frequency determines
the frequency of the sinusoidal waveform, while the phase angles 8 and ¢ denote the phase relationships. The equation
incorporates the interplay between exponential decay terms, sinusoidal components, and phase relationships, offering
insights into both transient behavior and steady-state response characteristics of the transistor amplifier circuit under

sinusoidal state.

4.5. Solution of the CBA low frequency small signal model

Considering the matrix A defined in (15), the ®(¥) is derived by (24), which is defined as follows:

t t—y

o) = ° _L 0,<I>(t—w)= ° v ‘ (38)
(=) T e )

l—e ™ l—e @

From here, ¢ = k21 71/ and k21, 71, and 7, are already defined in (16). After replacing (38) in (22) and simplifying the

dynamic expressions of the SVs, vci(¢) and vea(7) are obtained and defined as follows:

A -(sin(ew-t — ) + sin(0)-e~"11)
’Pllz + w? (39)

ve, (0) = %-(cos(w-t —-0) — cos(@)) — IQ)—IQIZ-(I —e Pty + %(1 — cos(a)-t))

ve, () =

where P11 = /7, Qi = V-P11, Q21 = ka1- On/(m-sqrt(P11? + @), On = kai-sin(0)/ n, and Q23 = ka1-V/ 1. On the other
hands, 6 = atan(@/P11). As with previous cases, replacing (39) in (5) yields the voltage v(z).

The equation provided (39) describes the time-dependent behavior of voltage across two capacitances, vci(f) and vea(?),
within a circuit. Each capacitance exhibits distinct dynamics. vci(f) is governed by a sinusoidal term modulated by an

exponential decay factor. This reflects both the sinusoidal excitation at angular frequency and the transient response
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characterized by the decay constant Pj;. The amplitude O, signifies the magnitude of the sinusoidal component, while 8
represents the phase angle. Similarly, vca(?) is expressed as a combination of sinusoidal and exponential terms, illustrating
a more complex response. The first term represents the sinusoidal contribution, while the subsequent terms involve
exponential decay and frequency-dependent components, reflecting the interplay of transient and steady-state effects. The
amplitudes and relationships between these components are dictated by constants such as O»1, O, and O»3, capturing the
intricate dynamics of the circuit. This equation offers valuable insights into the transient and steady-state behavior of the

circuit when subjected to sinusoidal excitation, providing a comprehensive understanding of its response characteristics.

4.6. Solution of the CBA high frequency small signal model

Using the matrix A defined in (17), the ®(¢) is derived by (24), which is given by:

_t v
el 0 e U 0
() = oty 1], @ —y) = A A (40)
—c (e 1 —e 12) en —c- (e 1 —e ) en

From here, ¢ = ko' i/(n1 + ») where k21, 71 and © are already defined in (18). After replacing (40) in (22) and

performing certain algebraic simplifications, the expressions of the SVs veye(?) and vo(f) are given by:

9, .

’P112+a)2
0 0 (41)
Vo (1) = —2—-(sin(w-t — §)+sin(d)-e "2 )+ —2— (e 11" — g~F27)

Py —P
,P212+w2 21~

AlSO, Pi= 1/2’,‘, Q11 =kn- V/T1, Q21 = k21'Q11/(T2‘Sqrt(P112 + a)z)), sz = Q21-sin(9). AlSO,j = atan(a)/Pl-l) and 6=0 + ¢,
where j € {6, ¢} and i € {1, 2}. Once again, by replacing (41) in (5), the voltage vo(?) is obtained.

Vey () = (sin(w-¢ — O)+sin(H)-e~F11)

The equation (41) presented delineates the temporal evolution of voltage across two capacitances, veye(f) and vo(?),
within a circuit subjected to sinusoidal excitation. veye(f) exhibits sinusoidal modulation compounded with an exponential
decay term, encapsulating both the sinusoidal excitation at angular frequency and the transient response characterized by
the decay constant Pi;. The amplitude Qi represents the magnitude of the sinusoidal component, while 8 denotes the phase
angle. On the other hand, v,(f) comprises a combination of sinusoidal and exponential terms, reflecting a nuanced response.
The sinusoidal term depicts the steady-state contribution, while the exponential terms capture the transient behavior.
Constants such as 0,1 and O dictate the amplitudes and interplay between these components, embodying the intricate
dynamics of the circuit. Furthermore, o represents the phase difference between veye(£) and vo(t), adding to the complexity
of the system's response. By elucidating the temporal dynamics under sinusoidal excitation, this equation offers profound
insights into the circuit's transient and steady-state behavior, enriching our comprehension of its response characteristics.

This technical section on the solution of the dynamic and state equations of BJT amplifiers provides a thorough
analysis of the equations that govern amplifier behavior across low and high-frequency operational ranges. This section
emphasizes the importance of understanding these equations for optimizing design conditions in amplifier circuits, laying
the foundation for a detailed exploration. The text systematically presents the methodology for solving the state equations.
Various techniques, such as integration factors and Laplace transforms, are employed with a notable emphasis on utilizing
the state transition matrix for simplification purposes. The section provides explicit solutions for the SVs in both low and

high-frequency models, offering insights into transient and steady-state behaviors under diverse operational conditions.
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Each solution is accompanied by an analysis, elucidating the role of parameters like decay rates, amplitudes, and phase

angles in shaping the system's dynamics. The section covers various BJT amplifier models and provides a comprehensive

understanding of different operational scenarios. It achieves clarity through well-structured equations, clear explanations,

and appropriate use of mathematical symbols and terminology. The conclusion concisely summarizes the key findings and

emphasizes the practical implications of the derived equations for engineering applications, particularly in circuit design

and analysis. Overall, this section provides a comprehensive and informative resource for engineers and researchers

interested in exploring BJT amplifier dynamics.

The time expressions of the SVs as a function of the BJT-Amps for the analyzed frequency ranges are summarized in

Table 2.
Table 2. Time expressions of the state variables as a function of the BJT-amps topologies.
BJT-
Frequency range Time-domain state-variable expressions
Amps
ve, (0 = A-(sin(w-t— 0) + sin(#)-e 1)
Py’ +o?
ve, (D) = A-(sin(w-t— @) +sin(p)-e P2y —
Low frequency €2 5
Py + o?
CEA 0 0
22 : : =Pyt 23 —Py1t =Pyt
————=—(sin(wt = J) +sin(9)-e™21") - ——=——-(e™"" —e7217)
Pyl +a? VP Py
Ve () = L-(sin(w-t —6) +sin(@)-e 1)
High frequency bre 5
Py" + o?
Low frequency ve, ([ = (Cyy-e™' + Cpre™ ) + (Vci1 sin(w -t + o) + Vg, -sin(w-t + O'iz)) ,Vie{l,2}
Ve, @O = L-(sin(w-t— ) + sin(6)-e~ 1)
/Pnz +a?
CCA = A inlwt— o) + si ca—Puty _ 919y, Asin€of— &) + si a—Puty _
High frequency ") —="(sin(01 = p) +sinp)-7) 2 —— (Sin(ort = 0) +Sin(a)e” )
Py)* + o? Py" + 0 [Py + o?
_ QII'QZZ -sin((—))-(e_””" _ e—szt)
Py’ +a?(Py — Pyy)
ve,® = L-(sin(w-t— ) +sin(6)-e 1)
/Pnz +a?
Low frequency 0,, 0, 0,
ve,(H) = —= -(cos(w~t -0) — cos(G)) —=2.(1—-ePu)+=2 ~(1 - cos(w~t))
w Py 0]
CBA

High frequency

Q . : P
Ve (t) = ﬁ- (sin(w - t — 6) +sin(g) - eP11t)
QZ QZ

L (sin(wt — 8) +sin(0)-e 1) + 2 (1 — ooy

P, —P
P212+a)2 21 11

vo(D) =

5. Simulation results

This section presents simulation results for the dynamic models of the three BJT-Amps topologies (CEA, CCA, and

CBA) under transient conditions, valid for both low and high frequencies. The simulations have been carried out using

Journal of Electronics and Electrical Engineering 44 | José M. Campos-Salaza, et al.



45

MATLAB-Simulink.

5.1. CEA simulation results

Tables 3 and 4 summarize the simulation parameters for low and high frequency operation of the CEA, respectively.
For the low-frequency model, a voltage-wave current source with a peak-to-peak value of 5 mV at a frequency of 10 Hz
and an internal resistance of 1 mQ is assumed. For the high-frequency model, the same voltage source used in the low-
frequency case is considered, but with an operating frequency of 100 MHz. Additionally, for all BJT-Amps cases, Vr is
assumed to be 26 mV.

Figure 9 shows the steady-state dynamics of the low-frequency CEA model. The figure corresponds to the output of
both the simulation model in Simulink, labeled vosimuiink(#), and the analytical solution vo(#) extracted from (5). The dynamics
of both variables are identical, indicating a negligible error and confirming the validity of the solution obtained in (26).

The gain generated by this amplifier is notably high, with a measured value of |4,|~1,740. While the transistor’s dc

current gain is set to f =200, this does not directly limit the voltage gain. The high voltage gain arises from the combination

[ Vosimulink {t) Vo (t)
10 ' . 1
-10. o : -
0.1 0.15 0.2 0.25 0.3
[s]

Figure 9. Simulation results of Vesimuink(f) and v,(¢) in steady state when the CEA operates at low frequency. Initial conditions are zero.

Table 3. Simulation parameters for CEA for low frequencies.

Parameter Value
R, 1.0 [kQ]
R. 1.5 [kQ]
R. 200 [Q]
Ry 100 [Q]
rei 1 [mQ]
) 1 [mQ]
o) 20 [ uF]
G 20 [ puF]
hie 1[kQ]
B 200
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Table 4. Simulation parameters for CEA for high frequencies.

Parameter Value
R, 2.0 [kQ]
R. 1.5 [kQ]
Ry, 200 [Q]
Cy. 2 [ pF]
Cre 200 [ pF]

of a large transconductance gm = Ic/Vt and a high effective load resistance in the simulation setup. These conditions, along
with the small input signal amplitude and optimized biasing, result in a significantly amplified output. This behavior is
consistent with theoretical expectations and supports findings in the literature [19-21].

Figure 10 describes the steady-state dynamics of v,(f) from the Simulink model (Vosimuiink(#)) and from (9) labeled vo(?).
These dynamics are valid for the CEA system at high frequency. As shown in Figure 9, the two dynamics are very similar,
verifying a negligible error (24 nV) and confirming that the solution in (29) is appropriate. The voltage gain for this system
is |4y] = 259. The Miller capacitance causes a decrease in gain compared to when the amplifier operates at low frequency

[19-21].

5.2. CCA simulation results

Table 5 and Table 6 provide the simulation parameters of the CCA when operating at low and high frequencies,
respectively.

For the low-frequency model, a voltage-wave current source with a peak-to-peak value of 5 mV at a frequency of 10
Hz and an internal resistance of 1 mC is assumed. For the high-frequency model, the same voltage source used in the low-
frequency case is considered, but with an operating frequency of 100 MHz.

Figure 11 shows the steady-state variable vo(¢) in the form of Vosimulink(£) from the simulation model and v(¢) extracted
from (33). It is evident that both variables share the same dynamics, verifying that their error is zero. Additionally, it can
be observed that the voltage gain is less than one in the low- frequency case [20], i.e., |4y = 4107, This very low gain
reflects the dc behavior of the circuit, where coupling capacitors block the signal path. In contrast, the dynamic gain
observed in transient simulations (4, = 1.25) reflects the ac response under sinusoidal excitation. While this value slightly

"~ Vosimulink (t) ) (t)|

1! / 1\ / \\ / P\\, .
\ A JAR
_ [ / \ / \
= 0y / \ / \ / \ {
- \ ,,n \ !‘1 \\ !‘r ‘.\ ,l"
\ / o \ \ /
-1 , \\E/ \=/ \\_‘/ \\_/‘
6.049 6.05 6.051 6.052
[s] %107

Figure 10. Simulation results of vosimuink(?) and vo(?) in steady-state when the CEA operates at high frequency. Initial conditions are zero.

Table 5. Simulation parameters for CCA for low frequencies.
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Parameter Value
R, 20 [kQ]
R, 2 [kQ]
Ry 50[Q]
Ry 100 [Q]
C, 100 [ pQ]
G 3.3[nQ]
rei 1 [mQ]
) 1 [mQ]
Ve 0.7[V]
Vee 20[V]
B 200

Table 6. Simulation parameters for CCA for high frequencies.

Parameter Value
R, 2 [kQ]
R. 100 [Q]
Cpc 10 [pF]
Cye 100 [pF]
CyL 100 [uF]
reL 100 [mQ]
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Figure 11. Simulation results of Vosimuink(f) and vo(?) in steady-state when the CCA operates in low frequency. Initial conditions are zero.

exceeds unity, it is consistent with simulation conditions and does not contradict the theoretical behavior of the emitter
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follower, which ideally has a voltage gain slightly less than 1 due to the base- emitter voltage drop.

Figure 12 shows the dynamics of vosimuink(#) extracted directly from the Simulink model and vo(f) modeled by (5).
Both waveforms exhibit identical dynamics, validating the correct solution of the system shown in (37).

The voltage gain for this system is |4, = 1.25, which is consistent with the literature [19], suggesting an |4,| close to unity.

For the low-frequency model, a sine-wave voltage source with a peak-to-peak value of 10 mV at a frequency of 10
kHz and an internal resistance of 50 Q is assumed. For the high-frequency model, the same voltage source used in the low-
frequency case is considered, but with an operating frequency of 10 MHz.

Table 7 and Table 8 provide the simulation parameters of the CBA when operating at low and high frequencies,
respectively.

Figure 13 shows the steady-state voltages of Vosimuink(f) from the Simulink simulation model and v,(f) modeled by (5).

The dynamics can be verified by checking the correctness of the expressions in (41). Additionally, |Av| = 1.42, which
is slightly larger than 1, but smaller than in the CEA case [19,20].

In Figure 14 the variables vVosimuink(f) and vo(¢) are shown, where the former is extracted directly from the simulation
model and the latter comes from (5). It is evident that both dynamics share the same form, which again verifies that the
solutions of this dynamic model defined in (41) are proper. Additionally, the voltage gain |Av| is 252, which is higher than
the |Av| of the CCA [20].

This section presents the simulation results of three BJT-Amps topologies: CEA, CCA, and CBA, under transient
conditions for both low and high frequencies. The simulations were conducted using MATLAB-Simulink to examine the
behavior of these amplifiers. The simulation parameters for both low and high frequency operations are summarized in
tables for the CEA. The low-frequency model assumes a voltage-wave current source, while the high-frequency model
assumes a similar source but with a higher operating frequency. Figures are used to illustrate the steady-state frequency.
Figures are used to illustrate the steady-state dynamics of the CEA model, validating the solutions obtained and
demonstrating a high gain, which is consistent with literature findings. Similar analyses were conducted for the CCA and
CBA. Tables outlining simulation parameters and figures depicting steady- state dynamics were included. These
simulations confirmed the accuracy of the models and highlighted differences in voltage gain between low and high
frequencies, providing valuable insights into the performance of each amplifier topology.

While SPICE-based simulators are standard tools for circuit analysis, this study employs MATLAB-Simulink due to
its strengths in state-space modeling, time-domain simulation, and system-level analysis. Simulink’s visual modeling
environment and native support for dynamic systems make it particularly suitable for exploring the transient behavior of

BJT amplifiers across frequency domains, which is the focus of this work.

" Vogimulink (t) —Uo (t)
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Figure 12. Simulation results of Vosimuink(f) and vo(?) in steady-state when the CCA operates at high frequency. Initial conditions are zero.
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Table 7. Simulation parameters for CBA for low frequencies

Parameter Value
Ry 20 [kQ]
Cy 200 [ pF]
G 10 [ pF]
rci 1 [mQ]
) 1 [mQ]
hfb 200
hib 16
Ve 0.7[V]
Vee 20 [V]
B 20

Table 8. Simulation parameters for CBA for high frequencies.

Parameter Value
Cye 5.5 [nF]
Cye 4 [pF]
R. 100 [Q]
Fer 12.5[Q]

" Vo (£) _Ut)(t)]
0.01 '
> 0
-0.01 -

0.1 0.15 0.2 0.25 0.3

[s]

Figure 13. Simulation results of vosimuink(?) and vo(?) in steady-state when the CBA operates in low frequency. Initial conditions are zero.

Volume 4 Issue 2 |2025| 49

Journal of Electronics and Electrical Engineering



Vogimulink (t) Vo {t)
\ a
/ |

6.052 6.054 6.056
[s] %107

Figure 14. Simulation results of Vosimuink(f) and v,(?) in steady-state when the CBA operates in high frequency. Initial conditions are zero.

6. Conclusion

The analysis of three bipolar-junction-transistor amplifier topologies, namely common-emitter amplifier, common-
collector amplifier, and common-base amplifier, under transient conditions, covering both low and high frequencies,
provides valuable insights into their operational behavior and performance characteristics. MATLAB-Simulink simulations
were used to examine each topology's response to varying frequency inputs, revealing their suitability for diverse
applications. The models at low frequency, characterized by voltage or current sources with specific parameters, enabled a
detailed investigation into the steady-state dynamics of output variables. The common-emitter amplifier topology
demonstrated high gains, which is consistent with established literature findings. On the other hand, the common-collector
amplifier, and collector-base amplifier topologies exhibited lower gains, with slight variations between them. Transitioning
to high-frequency operation revealed the impact of Miller capacitance on gain reduction, especially in the common-emitter
amplifier topology. However, all topologies remained functional, and their respective models were validated through
simulations. The simulation parameters were meticulously adjusted for each frequency range, facilitating an accurate
representation of real-world scenarios. These findings emphasize the significance of comprehending amplifier behavior
across frequency domains, providing valuable insights for engineers designing circuits for various applications. The study
contributes to the broader understanding of bipolar-junction-transistor amplifier performance under transient conditions,
aiding in the informed selection and design of amplifier configurations based on and demonstrating a high gain, which is
consistent with literature findings. Similar analyses were conducted for the CCA and CBA. Tables outlining simulation
parameters and figures depicting steady-state dynamics were included. These specific application requirements and

frequency considerations.
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