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Power Amplifiers

Power Amplifiers:
Deliver large amounts of power (> 100 W) to a passive load
Typically built with BJT-transistor or MOSFETs

Total harmonic distortion (THD):
RMS value of harmonic components of the output signal
Fundamental frequency excluded
Expressed as a percentage of the fundamental



Power Transistors

Physical Transistor Limitations:
Maximum rated current: typically 𝐼! or 𝐼"#
Maximum rated voltage: typically 𝑈!$ or 𝑈"#
Maximum rated power: 𝑃 = 𝑈!$ . 𝐼! or P = 𝑈"#. 𝐼"#

Types of transistor: BJT and MOSFET
Also to consider:

Maximum allowed temperature: function of rate at which heat is removed
Example: MJ15003 (NPN) and MJ15004 (PNP)

UCE,max = 140 V, Pdiss = 250 W, Ic,DC = 20 A, TO-3 case



Power BJT Transistor

DC current gain is not a constant:
Drops at higher current
Much lower than a small-signal transistor

Watch the breakdown voltage mechanism:



Safe Operating Area (SOA)



Power MOSFETs

No thermal runaway
Transconductance decreases with temperature



Power MOSFETs

Structure of MOSFETs
§ HEXFET:

N-channel: IRF540
P-channel: IRF9540

§ Normal FET:
N-channel: IRF530
P-channel: IRF9530



Heatsinks

Max. Temp. Transistor (Silicium)
150 0C – 200 0C

Heatsink needed!
What heatsink?
Θ [0C/W]: smaller = larger heatsink

Thermodynamics Law:
Comparable to Ohm’s law
ΔT: Temperaturedifference [0C]
Pj: Power dissipation [W]
Θ: Thermal Resistance [0C/W]
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Heatsink calculation

Example:
Transistor Power Rating: 2 W
Thermal Resistance Junction -> Case: 5 0C/W
Thermal Resistance Case -> Heatsink: 2 0C/W
Thermal Resistance Heatsink -> Ambient: 10 0C/W

Hoe groot zijn de temperaturen?
What heatsink?
Ta = 25 0C (omgevingstemperatuur)

Thermodynamica wet:
Vergelijkbaar met wet van Ohm
ΔT: Temperatuurverschil [0C]
Pj: Power dissipation [W]
Θ: Thermal Resistance [0C/W]
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Heatsink calculation

Example:
Transistor Power Rating: 2 W
Thermal Resistance Junction -> Case: 5 0C/W
Thermal Resistance Case -> Heatsink: 2 0C/W
Thermal Resistance Heatsink -> Ambient: 10 0C/W

Solution:
ΔTsink,ambient= Tsink-Tambient = 2 x 10 = 20 0C

Tambient = 25 0C => Tsink = 45 0C
ΔTcase,ambient= Tcase-Tambient = 2 x (10+2) = 24 0C

Tambient = 25 0C => Tcase = 49 0C
ΔTjunction,ambient= Tj-Ta = 2 x (10+2+5) = 34 0C

Tambient = 25 0C => Tjunction = 59 0C
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Heatsink calculation

Example MJ15003 power transistor
Power Transistor: P = 25 W ; Θjc = 0.7 0C/W
Assume Θca = 5 0C/W
Ambient Temperature Ta = 50 0C
Max. Junction Temperature: 150 0C
Bepaal Junction-temperatuur zonder heatsink
Welke heatsink is nodig?

Mica-washer: Θ = 0.5 0C/W

Oplossing:
ΔTja= Tj-Ta = 25 x (0.7+5) = 142.5 0C

Ta = 50 0C => Ts = 192.5 0C

ΔTja= Tj-Ta = 25 x (0.7+0.5+ ΘH )
150 - 50 = 30 + 25. ΘH

ΘH = 70/25 = 2.8 0C/W



Classes of Amplifiers

(a) Class A (b) Class B
(c) Class AB (d) Class D



Class A amplifier

Advantage:
Lowest distortion => high-quality amplifier

Disadvantage:
Always on => low-efficiency (10-15 % max.)

Large heatsinks



Class B amplifier

• Class B not a practical amplifer
• Because of BJT imperfections
• Crossover distortion as a result



Class AB amplifier

Difference with Class B:
Small bias current set
Most practical amplifiers use this
Vbe multiplier (bias voltage) needed



Class D amplifier

Typical for a Class D amplifier
• Input converted to bitstream
• Bitstream switches MOSFETs push-pull stage
• High switching-frequency needed
Typical components used:
• ADC / sigma-delta converter
• Gate driver with bootstrap voltage
• MOSFET push-pull stage
• LC-filter to remove switching-frequency

500 W IRS2092



Class D amplifier

AD-conversion principle in our Class D-amplifier:
Input signal compared with triangle-waveform signal



Components used

LM393:
Dual Comparator
Open-Collector output

IR2110:
High and Low side Driver
Bootstrap voltage

IRF540N:
N-channel Power MOSFET
RDS(on) = 77 m Ohm
Rth,JC = 1.0 C/W
Rth,CS = 0.5 C/W
Non-isolated: Case = Drain !!

Paudio = 100 Wrms
Rspeaker = 4 Ohm

Ipeak = ? A
PIRF540 = ? W



Transfer function 2nd order LPF

q Legend:
qQc: quality factor of the filter, 

determines ripple in passband
q x : demping factor = 1/(2.Qc)
q wc : the cut-off frequency of the filter (in rad/sec.)
q k : filter gain

q Note
qNumerator does not contain terms with s!
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Example (from AFD Toolbox)

q Butterworth, fc=100 Hz, order N=2
qQc = ½.√2
qwc = 200.p
qk = 1
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MATLAB:

f=100; k = 1

wc=2*pi*f

Qc=1/sqrt(2)

b = [0 0 k*wc^2]

a = [1 wc/Qc wc^2]

bode(tf(b,a))



Quality factor Qc

q Quality factor Qc vs
frequency response:
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q Peak:
qQc = ½ : -6 dB
qQc = ½.√2: -3 dB
qQc = 1   : +1.25 dB
qQc = 2 : +6.3 dB



(R)LC filter in the Class D amplifier
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Bootstrap Design

• Mosfet half-bridge
• High-side and low-side mosfets
• Vgs voltage determines on/off state
• Q1 source jumps to HV when on
• Q1 gate voltage should be higher!

• Mosfet gate:
• Basically a capacitor
• Charge QG needed for on-state
• Charge should be removed for off-state



Bootstrap Circuit

• Q2 on
• CB is charged up to VB Volts

• Q1 on
• CB sources OUTA/Q1



Bootstrap Equivalent Circuit

• IRF540N
• QG = 94 nC

• IR2110 gate-driver
• VBS supply-current = 230 μA

• Class D design:
• IRgs = (12-0.7) V/1 kΩ= 11.3 mA
• fcyc = 200 kHz => Tcyc = 5 μs
• D between 10% and 90 %

• Vin between -1.5 V and +1.5 V

• Total charge QCB:
• To be delivered by CB during max. duty-cycle (90 %)



Bootstrap Equivalent Circuit: CB calculation

• Total charge QCB:
• To be delivered by CB during max. duty-cycle (90 %)

• Max. allowable ripple (ΔVCB) set to 5 % of VDD
• IR2110 undervoltage threshold = 9.4 V

• CB calculation:

• Use 330 nF to be safe

• RB calculation:
• Eliminated from design
• Only needed for low-frequency applications



Coil calculations

• Magnetic flux in a coil:
• Θ = 𝐵. 𝐴

• B = flux density, with B = µ.𝐻 = %.'.(
)

• A = area of coil, 𝑙 = length of coil
(in datasheet: AE and LE)

• µ = µ0. µR, met µ0=4π.10-7 H/m

• Inductance of a coil:
• 𝐿 = !.#
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Class D amplifiers


