Section 6 Typical Applications

6.1 Audio Power Amplifier Uses
6.1.1 Linear Power Amplifier
1. Design of output stage (design of power supply voltage Vpp)

Figure 6-1 shows an equivaent circuit of the output stage. R, is adrain-to-source equivalent
resistance when the power MOS FET is on, and according to the 2SK1057/2SJ161
specification it is:
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The peak current |, flowing through load R =8 Wat Py, = 100 W is calculated from mean
current | asfollows:
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Figure6-1 Equivalent Circuit of Power MOSFET Output Stage



Thus, if the transformer regulation is estimated at 20% and the AC line fluctuation at +15%,
then the power supply voltage Vpp is given as:

Vop = 1.2 % 115 {me} .

wols

In figure 6-3, the power supply of the power stage is used also by the voltage amplifier stage,
so the voltageis set at +65 V including the gate-to-source “on” voltage at P, = 100 W.

In the case of the D Series 25K 413/2SJ118, the R, valueis very small (0.5 W), so the supply
voltage required for the same output (100 W) isonly 57.6 V. This enables the transformer
and heat sink to be made smaller, reducing system cost.

Design of voltage amplifier stage

A power MOS FET can be driven by alow driving power. Fundamentally, only power for
charging and discharging the gate-to-source capacitance is needed by the output stage, so a
class B driver stageis not required. The driving power varies with input frequency. At
100 W output and 100 kHz frequency, it would be very small asfollows.

Pin=f CissVgs2=100" 103" 900" 10-12" 62=3.24 mW

Therefore, an output-stage power MOS FET can be driven directly by a class A predriver
(voltage amplifier stage) such as that used in a bipolar transistor amplifier. By eliminating the
class B driver, the number of components can be reduced, and impairment of the amplifier's
performance by the driver itself can be avoided.

Moreover, the number of transfer function (open loop gain and frequency characteristics)
poles decreases, and the stagger ratio can easily be increased. Consequently, the stability
against oscillation isimproved. Transistors for the voltage amplifier stage are required to
have a high breakdown voltage, low Cob (collector output capacitance) and high f (gain-
bandwidth product).
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3. Open loop voltage gain

The transconductance [ys¢| of power MOS FETsisaslargeas1.0to 2.5 S (typical). Yetitis
only afraction of that of bipolar transistors.

For example, the |y;4| of bipolar transistors at I (collector current) = 1.0 A isvery large, as
follows.
Ir 14
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Where

re: Emitter equivalent resistance
K: Boltzmann constant

T: Absolute temperature

g: Electron charge

Ig: Emitter bias current

When a power device is used in a source follower circuit (in abipolar transistor circuit the
equivalent is an emitter follower), the relationship between input and output is as follows:
Cnptpt By,

Input = Rp= 1w
(Seefigure 6-2.)
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Figure6-2 Source Follower Input and Output

Only the nonlinear component of this equation, 1/ |y, causes distortion, with alarger |yt
resulting in lower distortion. In other words, since a power MOS FET amplifier hasa
distortion about 20 dB larger than a bipolar transistor amplifier, it is necessary to design for
larger open loop gain and larger negative feedback than in a bipolar transistor circuit.
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4. Preventing parasitic oscillation

Because power MOS FETSs have excellent high-frequency characteristics, they areliableto
cause oscillation even in a simple circuit.

For an analysis of stability in a source follower circuit, see section 5.10 of this Application
Notes. Some precautions in system design are noted bel ow.

*  Minimize the wiring between the printed circuit board and the power MOS FETSs. Direct
connection is recommended.

*  Provide one-point grounding for the amplifier printed circuit, power supply, and speaker
terminals. Use thick wiring for the power supply line and ground line.

* Anoutput coupling coil L hasthe effect of reducing distortion in the high-frequency
range. It also prevents oscillation which might occur when the output is loaded by
capacitance. Itsvalue should be determined experimentally.

» Theprinted circuit layout should flow topographically from input to output.
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POWER MOSFET TRANSISTORS
Recommended Line-up for Audio Amplifier

Output Power (W) Input Stage Driver Stage Output Stage
Parallel Single FET Bipolar FET Bipolar FET

Push-Pull | Push-Pull NPN | PNP | P-Ch. | N-Ch. | NPN PNP P-Ch. | N-Ch.
. 2SK213  |2S376 . .

50~60 1 (10.220) |(T0-220) 1 1 | 2SK1056 |2SJ160
. . . 2SK214  |2s377 . .

60~80 100~120 1 1 1 o220 |ro-220) 1 1 2SK1057 |2SJ161
. . 2SK215  |2S378 . .

120~1500 1 1 o220 |ro-220) 1 1 2SK 1058 |2SJ162
2SK216  |2S379 . .

80~100 (10.220) |(T0-220) 1 1 | 2SK2220 |2SJ351

150~200 *1 *1 2SK2221 |25J352

Note:
*1 on request, pls contact the help line "Talk to us"




6. Application circuits

e 100-W Output; THD » 0.01%, f = 100 kHz

oy, D 25ASTE
Qs 25BTiEA
Oy, D 250 TEEA Linit
O, D 25K10s7

O, Qg 251465

L
T

Figure 6-3 100-W Power Amplifier Circuit Diagram (examplel)
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Figure6-4 Total Harmonic Distortion vs. Output Char acteristics
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Figure6-5 Power Band Width
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e 100-W Output; THD » 0.01%, f = 50 kHz

(all-FET DC amplifier)

Chy, Dz 25Kia0

Ggl Q*: a2skias

Qg Qg 25J77

GTIQS: a5k 4 Urit F: o
Clg, Cg 28K1057 o F
GHIQE: 25 e L: H

Figure6-6 100-W All-FET Power Amplifier Circuit Diagram (examplell)
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Figure6-7 Total Harmonic Distortion vs. Output Char acteristics
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including intellectual
property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk of
bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation, traffic,
safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation conditions
and other characteristics. Hitachi bears no responsibility for failure or damage when used beyond the
guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable failure rates or
failure modes in semiconductor devices and employ systemic measures such as fail-safes, so that the
equipment incorporating Hitachi product does not cause bodily injury, fire or other consequential damage
due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi semiconductor
products.
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