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ABSTRACT

The paper proposes an innovative way to connect a differential stage with a current mirror as its load to a
voltage amplification stage (VAS) without using gain-limiting resistors, employing a “buffer-bias” stage to
stabilize the VAS current and preserve circuit performance. The effectiveness of the proposed topology was
demonstrated through measurements on a functional prototype, which exhibited high amplifier performance,
such as a total harmonic distortion of 0.0008% at 1 kHz even at full power (50 Wrys) and a slew rate of
107.4V/ us.

keywords power amplifier, symmetrical, complementary, push-pull, active loads

RESUMO

O artigo propde uma forma inovadora de se conectar um estagio diferencial com espelho de corrente como
carga a um estagio de amplificacdo de tensdo (VAS) sem o uso de resistores limitadores de ganho, empregando
um estagio “buffer-bias” para estabilizar a corrente do VAS e preservar o desempenho do circuito. A eficacia
da topologia proposta foi demonstrada por meio de medicdes realizadas em um protétipo funcional que
demonstraram o alto desempenho do amplificador, tais como: distor¢do harménica total na ordem de 0,0008%
a 1 kHz mesmo a poténcia total (50 Wrs) e slew rate de 107,4 V/ us.
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Introduction

High-performance audio amplifier manufacturers make great efforts to optimize circuits and improve
their performance in every possible way. However, when it comes to symmetrical topologies, they of-
ten leave one of the most fundamental building blocks untouched: the resistive load of the differential pair,
known as the Long-Tailed Pair (LTP), which should be replaced by a current mirror (CM) for maximum
performance.

The use of a CM offers clear benefits, including its ability, in conjunction with the LTP, to actively supply
and absorb current from the Voltage Amplification Stage (VAS). This results in equal slew rates (SR) for
both rising and falling edges, reduced generation of odd harmonics in the input stage due to improved current
balancing in the differential pair, and effectively doubles the transconductance of the LTP (Cordell, 2019;
Slone, 1999).

However, the symmetrical topology with a CM presents challenges, such as the undefined voltage at the
collector of the left transistor in the current mirror, which impacts the stability of the voltage at the base of
the VAS. A common solution, employed by Cordell and REVOX in their B242 amplifier model, involves
using resistors in the LTP to differentially load the input pair. This approach allows the VAS to operate with
a defined current but at the cost of reduced open-loop gain (OLG).

This work proposes a different approach, where the differential pair is kept free of any additional resistive
load. Instead, the quiescent current of the VAS is defined by a separate stage, called the buffer-bias stage,
which preserves the performance of the LTP and stabilizes the VAS current without reducing the OLG.

This article is organized as follows: the Materials and methods section provides a brief description of
the conventional topology of audio amplifiers, followed by an explanation of the problem studied and the
proposed solution. In the Results and discussion section, we present the performance data obtained from
measurements of the developed prototype, highlighting the effectiveness of the proposed topology. The final
section outlines the conclusions of this study.

Materials and methods

This section presents the basic topology of audio amplifiers and introduces the problem addressed in this study.
After that, we describe the proposed solution and the methodology adopted. To demonstrate the effectiveness
of the suggested topology, a complete audio amplifier design is developed, resulting in a prototype intended
to validate the expected outcomes. The design was conceived to achieve a satisfactory balance among
performance parameters; however, focused optimization can be performed to prioritize specific parameters,
as suggested by Visintin et al. (2022).

The problem addressed

Figure 1 illustrates the basic components of a standard audio amplifier, described here for a clear understanding
of the problem addressed: input differential pair (A), current mirror (CM) (B), voltage amplification stage
(VAS) (C), VBE multiplier (D), output stage (E), and feedback network (F).

Figure 1 - Symmetrical VAS with undefined current.
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The topology shown in Figure 1 is considered impractical without the application of additional techniques,
as there is a problem where the left transistor of the CM fails to develop a well-de ned collector voltage.
Consequently, the voltage at the base of the VAS is also unde ned, and there is no predictable voltage across
its emitter resistor, which determines the VAS current.

As shown in Figure 2, Cordell (2019) used a method quite similar to the one employed by the Swiss
manufacturer REVOX in their B242 model released in 1986 (Revox B 242, 2019). In this method, resistors
(marked with "R" and arrows) through the LTP apply a differential loading to the input pair.

Figure 2 - Method used by Bob Cordell.

Adapted fromDesigning Audio Power Ampli ety Cordell, B. Routledge, 2019.

A simpli ed version of the circuit used in the commercial B242 ampli er is illustrated in Figure 3.

Figure 3 - Simpli ed circuit of the REVOX B242.

Adapted from Revox B242, 2019.

The resistor, shown in Figure 2, transfers both the AC signal and the DC bias to the opposite branch of
the LTP, which is directly connected to the VAS. As a result, the ampli er now operates at the cost of a
reduced OLG due to the resistive loading imposed on the LTP and the current owing through the VAS is no
longer inde nite.

The method adopted in this study keeps the differential pair free from any additional loading imposed
by resistive elements, as seen in Figures 2 and 3. Instead, the quiescent current of the VAS is de ned by a
separate stage. This additional stage, highlighted with dashed lines in Figure 4, will be referred to as the
buffer-bias stage.

Proposed circuit

This section is dedicated to the description of the purpose and operation of each of the “blocks' that compose
the proposed circuit. Each block will be detailed in the following order: input lters, input differential
pair, buffer-bias stage, voltage ampli cation stage, VBE multiplier, output stage, output lters, and DC
offset servo.
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Figure 4 - Simpli cation of the proposed topology.

Input lters

The low-pass and high-pass lters are shown in Figure 5. The function of these lIters is to attenuate spurious
signals that do not contain audio information without interfering with the ampli er's transient response.
The calculated values result in lower and upper cutoff frequencieg o= 7:2 Hz andf cy = 256:7 kHz,
respectively. C1 is a polyester Im capacitor, while C2 has a Class | dielectric (COG/NPO0). These types are
suitable for use in these positions as they introduce minimal distortion (Kaye, 2020).

Figure 5 - Band-pass lter at the ampli er input.

Input differential pair

For the transistors in the differential pair, the BCM847BS and its complementary PNP counterpart BCM857BS
were chosen, as they are matched pairs ideally suited for this type of application. However, they come in the
tiny SOT-363 package, with a thermal resistance of €Y@/ from junction to ambient.

To limit power dissipation in the transistors, a cascode con guration was used, formed by Q2 and Q3,
as illustrated in Figure 6. This con guration provides the bene ts of limiting the differential pair's power
dissipation while also enhancing immunity to Miller and Early effects (Abidi, 1988).

Figure 6 - Input differential pair (upper section).
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The voltage reference for cascode biasing comes from a branch of three red LEDs connected in series
(Kingbright KP-3216EC). This combination (D1 to D3) generates approxim&tgly = 5:4V under a
5mA current.

The current owing through the LTP is 6mA, meaning the power dissipation in each transistor within Q1
is calculated as shown in equation (1):

Po =lc Veas VBE 05+ VBEo: =16:2[mW]; 1)

wherel ¢ is the collector current for each branch of the LTP (3 mA), ¥pg ,, andVge ,,., , cancel each
other out, resulting in a dissipation of approximately 16 mW. This, in turn, increases the package temperature
by 13 C above ambient temperature.

Above the cascode, as shown in Figure 6, there is an active load composed of transistors Q4 to Q6, forming
a Full Wilson Current Mirror. This topology offers more advantages than a classic two-transistor current
mirror (Wilson, 1981).

In a simpler current mirror, one transistor is con gured as a diode, while the other operates in the active
region. This can lead to a signi cant difference in power dissipation levels between the transistors since
the collector-emitter voltage/te ) of the active transistor can be dozens of volts, while\tge of the
BJT-diode is only itsV/gg .

This high voltage on the active transistor also causes an undesirable base-width modulation effect,
which reduces the output resistance of the BJT, making the current mirror even less ideal. The full Wilson
current mirror solves this issue by adding transistors Q4 and Q5, which equalize the collector voltages of the
two Q6 BJTs.

Special components were selected for the BJTs in the current mirrors: the BCM62B (dual PNP) and the
BCM61B (dual NPN). These are also matched pairs of BJTs within a SOT-143 package, with their bases
internally connected, as in a classic current mirror (CM).

Regarding the emitter resistors of the CM, a value of 82as chosen to avoid a signi cant voltage drop
while providing a resistance ratio of approximately 10:1 with the intrinsic emitter resistef)aaf the BJTs,
as given by equation (2):

0. 258mV
e

fe ™ Ic [mA]

=8:6[1]: (2)
The use of emitter degeneration in current mirrors provides bene ts such as improved noise performance,
increased output resistance, and better matching between the BJTs (Bilotti & Mariani, 1975).

In the case of the emitter resistors of the LTP, a value of 18@s chosen, which is approximately 12 times
the intrinsic emitter resistance of each transistor in the LTP. Emitter degeneration in common emitter gain
stages linearizes the stage and increases its bandwidth, although at the cost of a reduction in transconductance
(Sedra & Smith, 2019).

Figure 7 illustrates the current source (CCS), responsible for de ning the current through the LTP. This
current is set in the right branch and mirrored to both LTPs. The mirrors are again emitter-degenerated, this
time by 43 in a 10:1 ratio withr$, and resistors R11 to R13 are present to reduce voltage and dissipation
across other parts of the circuit.

Figure 8 details the CCS blocks, where currents are de ned by adjustable integrated current sources
(LM334), cascoded with JFETs to provide an even higher output impedance. The JFET in question
is the MMBF4391, withVgs measurements at 6 mA and 1 mA 06:83V and 5:65V, respectively.

These values are far enough from the LM334's minimum operating voltage of 1V, but not high enough
to cause signi cant dissipation. The 6 mA source biases the LTP, and the 1 mA source biases the
buffer-bias stage.

This block also includes a silicon diode used as a thermal compensation element to provide a temperature
coef cient (tempco) close to zero. The diode chosen was BAV21W, with a measured tempco of around

1:57mV= C. Resistors R19 and R20 were selected based on the LM334 datasheet guidelines for the
design of a zero tempco current source (Texas Instruments, 2000).
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Figure 7 - Current mirror and current source (bottom part).

Figure 8 - Detailed view of the CCS block.

Buffer-bias stage

The buffer-bias stage is a distinctive feature of the topology addressed in this work and is responsible for its
operation. It de nes the current for the VAS while simultaneously isolating the signal through what can be
seen as both a current mirror and an emitter follower. As shown in Figure 9, it consists of a cascoded CM
with relatively high emitter degeneration. The cascoded CM is known for its very high impedance and good
high frequency response due to reduced Miller capacitance (Harrison, 2005).

Figure 9 - Buffer-bias stage (upper part).
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The current through this stage is de ned by another CCS block containing an LM334, which generates a
voltage across R15 since transistors Q10 to Q12 form a cascode current mirror, this voltage then gets the
Vge of the VAS transistor subtracted from itself and the remainder appears across the VAS emitter resistor
(R21), thus setting the VAS's quiescent current.

The AC signal from the LTP is injected into the bases of transistor Q10, which is the active transistor in
the CM but also conveniently functions as an emitter follower, and then the signal is passed on to the VAS.
Resistors R16 through R18 are used to reduce power dissipation in the active devices to a level compatible
with the SMD packages used.

Voltage ampli cation stage (VAS)

The upper branch forming the VAS is shown in Figure 10. This branch is subjected to approximately
10 mA of current and voltage variations that can extend up to the opposite rail. This results in power dis-
sipation levels that require the use of medium-power transistors, but this additional robustness comes
at the cost of reduced current gaihg£ ), a lower transition frequencyf{), and higher parasitic
capacitanceGog ).

Figure 10 - Voltage ampli cation stage (upper part).

Another cascode is used in this stage, allowing the use of low-power transistors to be used in areas that
would otherwise require medium-power devices, with the previously mentioned disadvantages. For the BJTs
in the VAS, the BC860C and its complementary NPN (BC850C) were selected due to their good availability,
high gain, low parasitic capacitances, acceptable noise performance, high transition frequency, and good
gain linearity.

The transistors in the cascode are the DXT5401 and its complementary NPN (DXT5551). They were
selected for their maximurdcg rating of 150V, relatively low collector capacitance of 6 pF, transition
frequency above 100 MHz, and availability in the SOT-89 package, which supports the required power
dissipation, when given a suf cient board copper area.

The reference voltage for the cascode is generated by D5, another KP-3216EC LED, biased at 5 mA. Its
measured voltage wag s = 1:82V. Subtractingvge ,,; = 0:657 VandVg2; = 0:343V from Vp 5 gives
avalue of 0.82V folVce ,,, , as determined by equation (3):

VeEow = Vb5 VBEquis VRo1 = 0:82[V]. 3)

Since all ampli er sections are powered by the san®5 V rails, this low cascode voltage keeps the
collector of Q14 as close to the rail as possible, ensuring that it does not limit the maximum voltage swing
available to this stage and, consequently, the maximum output power.

For the compensation scheme, two-pole compensation (TPC) was chosen instead of the traditional Miller
compensation (MC) because it offers the bene t of maintaining a higher gain over a wider frequency range
(Roberge, 1975). Unlike MC, where the gain increases by 20 dB/decade as the frequency decreases below
the crossover frequency point, TPC increases the gain by 40 dB/decade.
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A comparison between the frequency responses of the ampli er using TPC and MC compensation types
was generated using LTspfteoftware (Analog Devices, 2025) and is shown in Figure 11. A higher OLG
means more gain is available for negative feedback to reduce distortions.

Figure 11 - Bode diagram TPC versus MC.

The Bode diagram demonstrates that by implementing the compensation network shown in Figure 10,
most of the gain increase occurs within the audible frequency range, which is desirable for higher delity in
audio reproduction.

The TPC curve in Figure 11 uses the compensation network shown in Figure 10, while the MC curve
was simulated by disconnecting R22. The capacitance of the series arrangement between C4 and C5 is
approximately 44.5 pF.

The maximum increase in gain at low frequency is achieved by introducing a zero near the crossover
frequency. However, care must be taken as the phase margin decreases the closer the zero is positioned to the
crossover frequency. The location of the zero is calculated by equation (4) (Dymond & Mellor, 2010)

1

. S—
£ 7 2R »(C4+C5)

=611:9kHz 4)

VBE Multiplier

Figure 12 illustrates the VBE multiplier (VBEM) block, which stabilizes the quiescent current in the nal
stage through thermal feedback.

Figure 12 - VBE multiplier block.

The topology chosen, Figure 12, differs from the single-transistor VBEM by employing Q17 to maintain
a more constant current magnitude across the sensor transistor (Q16), achieved by ¥ipg isltage
across R25. To ensure effectiveness, Q17 must remain isolated from temperature variations. The purpose of
R27 is to reduce the thermal compensation sensitivity and requires experimental adjustment through stress
tests under maximum dissipation and resting conditions.

The selection of the 2SC3852A as the sensor transistor was motivated by its-Rigturrent gain value
of approximately 500 at room temperature, comparable to small signal BJTs. Available in a TO-220 package,
it facilitates easy mounting on the heat sink.

Giventhathgg varies with temperature, minimizing base current variation is crucial to reducing error. High
current gain at this position ensures negligible base current. Capacitor C6 is strategically placed to bypass
the VBEM, maintaining a low-impedance path for the AC signal even at high frequencies (Cordell, 2019).
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Output stage

The output stage topology selected was the triple emitter follower (EF3), a con guration designed to function
as a high-bandwidth, low-distortion voltage follower (Locanthi, 1967). This topology consists of three
sections: pre-drivers, drivers, and power BJTs.

Figure 13 illustrates the pre-drivers stage to the left of the red line and the drivers stage to the right. The
power BJTs are shown separately in Figure 14.

Figure 13 - Driver and pre-driver sections.

Figure 14 - Power BJTs section.

While a single pair of output transistors rated for 150 W would suf ce for a 50 WRMS ampli er, two pairs
were selected to enhance robustness and reduce large-signal non-linearities (Self, 2013). High-power BJTs,
in particular, exhibit signi cant degradation in boltik ¢ andf + as collector current increases. By paralleling
multiple transistors and selecting parts that exhibit good gain linearity and high transition frequency, such as
the TTC5200/TTA1943, the distortion introduced by the output stage can be effectively minimized.

The pre-drivers chosen were DXT5551/5401 for the same reasons that led to their choice as cascode
transistors for the VAS, coupled with good gain linearity around the applied collector current. The drivers are
KTC4370A and KTA1659A; these are medium-power, high-voltage p¥ds (= 180V), packaged in an
isolated TO-220 case, with current gahp£  130), capacitanceG,, 25 pF) and transition frequency
(fr  130MH2) suitable for the chosen operating point.

The resistors in the base-stopper function (R28, R29, R31, R32, R34, R35, R36, R37) together with the
inclusion of base-collector capacitances (C9, C10, C14, and C15), shown in Figures 14 and 15, are intended
to prevent the occurrence of local oscillations at the output stage.
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Figure 15 - Arrangement of output lters.

The impedance presented to the signal source by a single emitter follower stage is given by égpation
Zin =(hee +1)  (r2+ z0); (5)

whereZ, is the load connected to the emitter, and the parallel associ®igis1; andR33jjCy16 are the
loads in question. Eventually, at a certain frequency, this RC load is transformed into a series combination
between a capacitor and a negative resistance (Chessman & Sokal, 1976).

The inclusion of any inductive element forms an LC tank that will have its oscillation frequency in nitely
ampli ed by the negative resistance part. To avoid this oscillation, an amount of resistance greater than
jZin j must be added to the base of the emitter follower. Capacitors C9, C10, C14, and C15 were required to
eliminate local oscillation, and their values were determined experimentally.

The current through the drivers and pre-drivers was chosen based on the relationship between collector
current, transition frequency, gain linearity, and power dissipatignwas also chosen to keep these
internships always working in Class A.

For the pre-driverd,c = 5mA was chosen because it provides gbed linearity and an estimated
minimum off + = 150 MHz; these same reasons led to the choick-of 60 mA for the drivers, but for an
estimated value dfy =120 MHz.

The current through the output devices was chosen to be around 120 mA and biases the BJTs in class AB,
the emitter resistors assumed the ordinary value of 0.,2&hd non-inductive resistors (KOA SPEER BPR55
series) were used in this position.

Diodes D6 and D7 are a safety measure for directing high-voltage inductive pulses to the supply rails via
a path around the power transistors. These diodes must withstand a reverse voltage greater than twice the
rail-to-rail voltage and a current of at least 3 A (Self, 2013).

EMC output lters

At the output branch after the point where the feedback is taken, there are two Iters, one being of the RC
series type and the other of the RL parallel type, as shown in Figure 15. FekiRanch ensures stability in
cases where the load becomes mostly inductive whiléile section compensates for situations where the
load is excessively capacitive.

These situations are presented precisely by the load that the ampli er is intended to drive at all times; the
speakers. The electrical model of a real load takes into account not only the electromechanical aspects of
the speakers but also the geometry of the boxes in which the transducers are located, and results in an RLC
model lled with reactances (Bortoni & Silva, 2003).

The values chosen were 10+ 100 nF for the RC branch and 1|| 1 H for RL, these values are suitable
for a wide range of conditions (Self, 2013). Both resistors are rated at 5W and the inductor was wound
with 12 turns of 12 AWG copper wire, resulting in estimated values of inductarred H and resistance
Rpc = 3m for a diameter of 15 mm and a length of 25 mm.

DC offset servo

Itis common to nd a capacitor in series with the resistor connected to ground in the feedback network. Its
purpose is to act as an open circuit at DC so that the input voltage offset of the ampli er is not ampli ed by
the gain set by the feedback network. The problem is that this capacitor needs to act as a low impedance at
frequencies greater than DC and as the resistor in series with this capacitor tends to have a low value, this
capacitor needs to have a very high value so as not to compromise the response at low frequencies.
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This makes it impossible to use low distortion components such as Im capacitors and class | dielectrics.
As a result, this capacitor has been removed completely in favour of an active circuit that continuously
corrects the offset at the output of the ampli er.

The servo circuit shown in Figure 16 is a non-inverter integrator with a very high time constant in order to
ignore AC signals coming from the ampli er output, exclusively sensing the DC error. This error is then
continuously integrated over time and applied to the inverting input of the power ampli er via an injection
resistor (R44) that controls the servo feedback rate.

Figure 16 - Offset servo and feedback network.

The RC Iter components are the same value pairs R42/C24 and R43/C25 that generate a cutoff frequency

according to equation (6):
1

= — =0:72[Hz] 6
2R 22Cos [HZ] (6)

fe,

The value of R42 together with the supply voltage df2 V makes the servo capable of correcting offsets
upto 110mV at the inverter input.

Diodes D8 and D9 direct possible high voltages in the direction I V rails to protect the input to
the integrator and are general-purpose fast diodes for small signals. The operational ampli er used was the
AD8610, as it does not exhibit phase inversion and has low noise, low voltage/current offset and extremely
low input bias current (typicallygias = 3pA).

The feedback network was designed, and the gain obtained by equation (7):

Ay =1+ %:51[\/:V]; (7)
Ruas

is equivalent to 34.15dB. The value of the resistances was chosen as small as possible to minimize the
contribution of Johnson-Nyquist noise on the system's ampli cation, but not low enough to generate excessive
power dissipation.

Results and discussion

This section presents the detailed analysis of ampli er performance parameters, including thermal dissipation,
frequency response, dynamic behavior, slew rate, harmonic and intermodulation distortions, and output noise.
Initially, the maximum dissipation and junction temperature of the output components is calculated, followed
by experimental veri cation of the frequency response and dynamic behavior for test signals. Next, the slew
rate and the harmonic and intermodulation distortions are analyzed. Finally, the noise levels at the output
and the behavior of the ampli er under clipping conditions and during the on/off transients are described,
evidencing the high performance and stability of the circuit.

Dissipation

The worst case dissipation was calculated in SPICE for all the BJTs screwed to the heatsink and turned out to
be atotal ofPp 36 W. The estimated maximum junction temperature for the output devices is presented
in equation (8):

T;=Tave +Po (Ryc + Rmica + Rps): (8)

TakingTayg = 50 C (ambient),R ;¢ = 0:83 C=W (junction-case)R yica = 0:1 C=W (mica
insulator) andR s = 0:85 C=W (heatsink), we reach; = 114 C.
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Frequency response

The response of the amplifier’s closed-loop frequency was measured to check whether the input filter is the
determining factor and whether the results match the values calculated in the “Input filters” subsection. Bode
plot of the system’s closed-loop response is shown in Figure 17.

Figure 17 - Closed-loop frequency response.

Gain (dB)
&

100 10t 10?2 103 104 10° 10
Frequency (Hz)

Dynamic behaviour

The dynamic behaviour of two rectangular signals, one at 1 kHz and the other at 10 kHz, was also observed
to identify potential instabilities. Figure 18 presents the shapes observed with the output at 50 W over an 8 {2
resistive load with the output at 50 W on an 8 {2 resistive load.

Figure 18 - Rectangular waves: (a) 1kHz (in blue), and (b) 10kHz (in red).
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The behaviour of the 1kHz wave, Figure 18(a), shows no overshoots or oscillations resultant from
overshoots, while the 10 kHz wave, Figure 18(b), shows that there is no significant degradation to the speed
of the edges or excessive rounding of the corners, indicating the adequate transient response of the amplifier.

Slew rate

Then, the SR was checked. Figure 19 presents the response of the rising edge to the maximum voltage
excursion on an 8 {2 resistive load; the falling edge exhibited the same SR.

Figure 19 - Slew rate of the amplifier.
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The measurement was carried out with the low-pass filter capacitor C2 removed so as not to impact
the shape of the edges, resulting in a value of 107.4V/us, above the 39.6 V /us required for a 50 Wrys
amplifier to have a power bandwidth above 200 kHz (Duncan, 1996).

Harmonic distortion

Total harmonic distortion (THD) measurements were taken at 1 kHz for P = 1 Wgys and P = 50 Wrars
using a USB capture card model Sound Blaster X-Fi HD (SB1240) manufactured by Creative Technology
Ltd. and using ARTA software for data acquisition and processing (Artalabs, 2019).

Figure 20 present the frequency spectrum for output powers of 1 W and 50 W respectively, on the 8 € resis-
tive load. The magnitude of the values is expressed in dB relative to the full scale (dBFS) of 1 Vs (0 dB)
applied to the input of the acquisition board.

Figure 20 - Frequency spectrum: (a) 1kHz / 1W and (b) 1kHz / 50W

(a)
0
=20
-40
o
)
" -60
w
m
T -80
-100
-120
0 2 4 6 8 10 12 14 16 18 20
Frequency (kHz)
=20
-40
o _
s 60
2
& -80
©
-100
-120 w
—-140

0 2 4 6 8 10 12 14 16 18 20
Frequency (kHz)

There is no visible difference in the absolute THD values obtained between the two tests, as seen by the

height of the second and third harmonics, Figures 20(a) and 20(b). According to the measurements made by
the ARTA software, the measured THD was only 0.0008%.

Intermodulation distortion

To measure intermodulation distortion (IMD), a complex signal consisting of two sinusoids of the same
amplitude and frequencies of 10 kHz and 11 kHz was applied to the input of the amplifier, generating a
modulated output of amplitude Vo = 10 Vrs on the 8 € resistive load, the result of which can be seen in
Figure 21.

Output noise

Noise measurements were taken at the output of the system. The values obtained by short-circuiting the
amplifier input were 15.2mVpp and 2.36 mVgpys. A summary of all measured parameters is shown in
Table 1.
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