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Introduction

The desired battery drive power amplifier has been resurrected. First, it was in 1993 and now, it revived for the first time in 17 years. Thanks to the performance of the recent electronic batteries. It is a revival of exquisite timing by the evolution of Liu symmetry amplifier. It’s over “Tsu”, the A/D converter of the system in which mobility is important: microphone amplifier, line preamplifier, headphone amplifier, evolved D/A and finally power amplifier.

“Ku Tsu Terry” drive power had disposable of manganese electricity. However this, weep energy sense to gradually reduce the content of the call, the battery next. My features have plummeted.

1980's second half of the battery-powered DC power amplifier era, ease of making good sound at low cost was welcomed to beginners. However, the effort of battery wiring and the manufacturer’s specification of the sound of dry cell itself became a thing that does not to DC amplifier.

Plus, in completing the formation of a fully symmetric amplifier, battery-powered power amplifier had become subsided. While performances of recent years with rechargeable batteries advance, it is a time of battery drive DC power amplifier. This was completed in the idea of whether not capitalize on the power of the DC power amplifier.

We will look at the circuit configuration; it exceeds the sound. A full symmetrical amplifier was born this time. It was possible to extend this semiconductor amplifier scheme to a hybrid amplifier.

This unit application range is indeed wide, and can either be used alone as a power supply integrated or can also be used in multi-amplifier as a power source separation type.

To make it an inverting amplifier, it can uses the gain control function, without using line. It can receive the output of a D/A directly. If the differential output amplifier in combination with a non-inverting amplifier and the inverting amplifier, a high power amplifier output four times its output.

Used in conjunction with the microphone amplifier, PA and bass amplifier, it can be used to tar amplifier. To spread further in the world of DC power amplifier can be said the mission of this unit. This machine makes highest ease in terms of instead difficult to obtain parts.

The characteristics and the battery type with things would capitalize. Please do not think too deeply, let's just listen to my work. The world of the past has never heard such a sound!

Battery drive power amplifier

AC power to the battery power supply amplifier produce the output power signal. This one is of similar shape to the input voltage signal from the energy of the power supply. Even though an amplifier, the signal function is to expand amplification. It is the function of the amplifier to make the expansion copy of the input signal. So by the power supply which is a raw material of the output signal, the sound will change its course.

In previous transformer amplifier, we have already described the action of the rectifier circuit. The period during which the amplifier is connected to AC 100V power is just a very short period near the peak of the AC voltage of one cycle. The majority of the period between merely utilizes the charges waiting savings to the filter capacitor.

Since the timing of the input signal and the AC power is irrelevant, whether the output signal is produced from the energy of the AC power, it is determined by chance and it is either made ​​from the charge of capacitor.

Furthermore, the sound is also changed by the rectifier diode, the power transformer, the wiring material and its orientation and by the polarity of the AC plug. It is very often elements that affect the sound.

On the other hand, in the battery drive amplifier, amplifier and power supply are connected at all times. The output signal at any instant is made ​​from the battery. Moreover, elements that affect the sound are very simple and state only on the battery characteristics that are: the internal resistance and the output current. If you can live with discharge characteristics, battery drive amplifier is not difficult and it’s advantageous in terms of sound.

But there is a disadvantage to drive the amplifier with battery. The capacity voltage of the battery is limited. It is not afford to use a practically excessively large amount of battery. Plus, it is limited in the time. This issue may force power condition. It is the biggest challenge of batteries over “dry-flops” amplifier.

In this regard, efficiency is the top priority. Thinking is necessary, but power amplifier efficiency, the of the maximum output power for the power consumption ratio, is determined by the characteristics and operating conditions of the output stage device. In the battery lead live amplifier, vacuum tube that requires high voltage for operation requires a large amount of heater current. This is disadvantageous. The better is overwhelmingly sound compared to the semiconductor amplifier.  It is worth doing well with the operational little problem there. In this case, it would be suitable for vacuum tube of low voltage and high current type, such as the horizontal deflection tube.


In the semiconductor device transistors, MOS-FET and LC large current type MOSFET can be considered as candidates. However, this is the case of AC power amplifier that can use a large current and free voltage.  When it comes to lead battery amplifier, the viewpoint of the rate implies an importance to strict selection. (Fig. 1: between the collector-emitter voltage Vce - Ic versus collector current five characteristics of the bipolar 2N3055).

The base currents are each other at a constant characteristic that lead to a lot of changes in the Vce. The following lower pressure region 1V indicates a resistance characteristic that pressure in proportion to Vce direction board to saturate gradually.
Ic=3.5A, 4 ohms, Pomax=24.5W,
 
Intersection of Vce 1V is a collector-emitter saturation voltage ( Vce T). As invalid electric battery drive amplifier, Vce sat. device consumption of the Vcc is small. It is an efficient device. It is a characteristic between the in-source voltage Vds versus down current Ip.

The gate-to-source electricity is a point that does not require power to capitalize this feature direct output stage in the two-stage differential amplifier is able to drive, to achieve a very simple power amplifier. However, since the drive voltage is 4V and high, it is necessary to power supply increase voltage in the voltage amplifier stage. Vgs=4V, Vds=4V, Ip=2.75A, Pomax = 15.1W.

Fig. 3 is a characteristic of Vds-Id versus each other of large current-type MOS-FET, 2SK1297. Indeed worthy to large current type, it is a really stunning constant current characteristic. And its expander characteristics of the interval between the characteristic becomes wider as the V increases.

Vds from the intersection of Vgs=2.3V of characteristics and load line, Ip=3.62A. Po max= 26.2W. The maximum in the three devices. Vds SAT is the very small characteristic of high current-type MOS-FET. This comes of applications suit for the switching element control.

The saturation voltage is overwhelmingly advantageously by large current type MOS-FET. Then bipolar transistor is advantageous. It would not be such only if Re looks for things smaller than normal more saturation voltage in MOS-FET.


Drive voltage

Now, we try to compare the three types of devices from the point of view of the drive voltage. Figure 4 shows base and their  voltage Vbe versus Ic characteristics. That’s the input power pressure versus output current characteristic between the gate and the source of the MOS-FET of bipolar transistor. The 2N3055 is only 0.6V and the rising edge low Ic is in sharp from Vbe can control significantly Ic in the amount of change in the small Vbe=1.02V, Ic=5A. Vbe at the time of Ic=3.5A is 0.88V. In terms of drive voltage proportion, polar transistor becomes an overwhelming advantage.

However, this is merely a drive voltage; bipolar transistor to it and each other is not current amplification of the output current of the differential amplifier by adding a necessary drive for transistor. It cannot be directly a two-stage differential amplifier.

2SK1056 changes slowly that each other with respect to the change of Vgs. Vgs also required to be 4.0V. But adverse device to battery do live in terms of the drive voltage.

2SK1297 Vgs=1.55V, Ip is rising, the rate of change of the Vgs is also almost the same as 2N3055. It was the time of Ip= 3.62A and Vgs= 2.3V. In terms of drive it’s easier.

However, since large current type MOS-FET has very large electricity inter-electrode capacity, it is essential to drive stage for quick charging and discharging the amount. As bipolar transistor, the lead battery lives that operates at a low power supply voltage, it is advantageous in the current drive. It’s not limited to a power amplifier. In other amplifier, voltage dry is the better of the current drive chromatic interest.  It will be on the characteristics of the battery drive amplifier.


The idling current

As well as battery drive power amplifier output stage, other DC power amplifier of a SEPP push-pull output stage, the operation is a nearby clinic AB grade class B, when there is no much in the output stage. But, to flow the idling current, it was smooth the current synthesis of the side output stage and over side output stage. A current is required to reduce the crossover distortion and harmonic is distortion.

In the battery drive amplifier, “Go-daka” is better as low as possible. Less the period to issue a maximum output in the music signal, average current consumption is determined from the circle in “five high”.

Bipolar FET is determined by Vgs and Id characteristics. These voltage-current characteristics, at low voltage, the rising edge current is sharp, yet the closer the property is in a straight line, a little operation of distortion in the low “five high”. If this characteristic is voltage 0V, and if a straight line passing through the current 0A, “five ten” side should over the side of the current can be seen. Property is close to a straight line in as possible out of the current synthesized in the five lowest. In this unit of experiment, crossover distortion does not occur in only 10mA. The results of the experiment, large current MOSFET 100mA and shall be shed 200mA more than “five”. Bypass error transistors becomes advantageous overwhelmingly in this regard.


Configuration of the output stage

The goal of the output stage is to reduce the current (input current required to increase the current amplification factor, to the darling down connection or inverted dart down connection). The four types of output of “8” by the combination of npn transistors and pnp transistors it is characteristic of the unique fully symmetric that make up the push output stage that can be configured number in many same polarity of devices such as stage can be in the normal emitter over the output stage.  The favorite is only the inverted kind. In 4 suitable types of output stage or overdrive amplifiers, it would be any essential live voltage in or off voltage is. The reduction to be decisive is output transistor but it must be high only Vcc. It requires only one single side, ten side, or over the side.

The drive voltage current flows through the drive resistor Ra. I want you to remember the “Rukoto” be generated at the output collector current of the voltage amplification stage. Inverted Darlington output stage after this It is because compared to transistors.

Actually, it goes out in the Darlington output stage (Tr3, Tr4),  Vce Sat. stripe cannot be good, invalid voltage occurs because the collector and the output of the drive transistors (Tr1, Tr2). Transistors collectors are connected, because they shall be operating at the same voltage, even if it is nearly as collector current flows to saturation. You want to look again at the transistor fig. 4, the co-director voltage emitter voltage. Tr2 will not be a lower collector voltage Tr4 paintings limiter voltage of Tr2 follow, in other words low “Kuhanara “ no more than Tr4 Vce Sat.'s reactive voltage of the addition Vbe4 to Vce Sat. That phenomenon is to avoid.

(Fin p.251)

Fig. 9 shows to remove the Tr2 and Tr4 collectors connection. They may be connected to a voltage higher than the collector of Tr2 (-Vcc-Vbe2+Vbe4). I can connect to the simplest 0V.

The same phenomenon also occurs with Tr1 and Tr3. To avoid this, the power supply of the highest voltage may be connected to a high voltage no more than the side’s peak voltage Vcc at maximum output. Width stage collector of emitter of Tr1 and Tr3 and if you use a higher than the output stage voltage to, it’s most easy to connect to the power supply.

FIG. 9: AC power amplifier output stage that is trying to be referred to as high-efficiency Darlington since Darlington development type. There was no need to pay attention to the disabled voltage of about 0.9V. You do not want to waste the slightest voltage at low battery “dry-flops” of the power supply voltage.

FIG. 7: now migration to see the npn-pnp inverted Darlington output stage at the peak of Vo + Vi + Vcc is not good if it’s higher than Vbe1 + Vcc 15V and 0.6V. Then,  if the Darlington requires only a low voltage.  More in the Darlington until here, “Uda” and “Resona” requires much smaller voltage to the voltage amplification stage. But it is not so good, Vo is at the peak and become one Vcc, co-director of Tra voltage must be high only over this side of Va. But, this is impossible because the voltage exceeding one Vo, collector over voltage of Tr2 not to over Vcc below. That minute, Vbe2 becomes invalid voltage over the Vcc.

To avoid this phenomenon, it may be connected to the high voltage on the other side of the Vcc over the emitter of Tra. Since this circuit is also a development type of Darlington, let us call it a highly efficient inverted Darlington.

High drive stage for voltage and the first Vcc is required even to over side to side be a Darlington. It may be higher by side the drive stage voltage is a high-efficiency Darlington. Darlington will be advantageous for battery drive in this regard.
Although the power supply voltage is less necessary to pnp-npn in this Darlington.


Now, to conclude the selection of the output stage in combination with the voltage amplifier stage, let's look at the power amplifier section of the machine. FIG. 11 is a power amplifier part of this unit; the unit shall be manufactured as a power source separation type separating the amplifier section and the power supply unit. Power of the unit can be powered from a single power supply to the four amplifiers. The power supply separating the number of amplifiers required, in a multi-amplifier system from network data system proceeds, the capacitance was used large lithium Hanye Tech battery. The current consumption was equal on both sides.

A wind up « Terry » is reduced earlier, this time resulting is determined, it must be charging versus out also does not run out of. The circuit is about to do not flip. Amplifier board of the power amplifier are the same as in “Korema”, reduce and “Ri” suspended from a “Rumi” angle passed to the left and right. 
Since the idling current of the output stage is also little, that can take advantage of the side plates of aluminum chassis over with radiator and it's a super-simple configuration. The supply voltage of the output stage is in the practical range as +/- 15V battery type voltage. 
Stage supply voltage from the side power supply voltage output is higher only of 2.4V (2 pieces of nickel-metal hydride battery). The reason or a voltage of 1.2V is to drain load resistance of the first-stage differential amplifier (Tr1 and Tr2) because it needs some kick. The voltage at least 0.6V cannot be the intention differential amplifier operation between the emitter and over the power of the second-stage differential amplifier (Tr4,Tr5).

Previously to separate the output stage supply voltage amplification stage power source, not lower the internal resistance of the battery (manganese batteries), voltage variation due to current variations in the output stage to affect the voltage amplification  from its stage.

(Fin p. 253)

Since internal resistance of the recent battery is sufficiently low, in common with the output stage to power the electric-pressure stage width, it needs only to be high in the additional voltage. That contains the emitter resistance 0.22 Ohms in the output transistor. 
This is and because of the irregular idling current, each other stabilizations are put in for the current detection of the protection circuit.  Battery in the “dry-flops” especially important to “five” of stability, amplifier current consumption of the increases and tile increases by the temperature rise, reduced operating time of battery “Rukarada”.  The effect of this resistance will become very stable.

Five temperature compensations detect the temperature in the thermistor (Th), which is thermally coupled to the output transistor. A change in the resistance value modifies the collector current of the two-stage differential using a “Yamashirushi” connector amplifier. Power supply unit electricity there is the supply too to control the dropout voltage of the output stage, the temperature of the transistors rises. In fig. 11, the resistance value of Th is lowered when the five increases the second stage differential amplifier.

Because the input voltage is low, collector current is reduced. As a result, the drive voltage of the output stage becomes smaller,”five” is reduced. These changes serve to undo the changes in each other. I can set it to 65mA. The cross-over distortion
does not occur at 10mA. That was the waveform observation in a state in which I remove the NFB. I choose the minimum current value which the output waveform is clean in this state.

Using three power amplifiers for 2 hours to listen each day, it will keep the battery for one week with a single charge per week for the two kinds. 

(Picture: your connectors also include a 2-pin and 5-pin).

(Picture: The internal power supply section and the terminal for power distribution, control board of the protection circuit, monitoring circuit are mounted of the battery voltage).


Cascade not in the first-stage differential amplifier in used amplifier. The power supply voltage is low because does not need to put in Iow. Constant current circuit (Tr3) is a self-bias type constant current circuits of excellent P-channel FET of constant current characteristic (2SJ103), in the most simple, it needs to pass a current to the constant voltage diode as by Polar Transistor formula no.

Emitter of the second stage differential amplifier open gain is a resistance value set to the optimum value. Gain of this stage is determined by 10 times the ratio of the collector load resistor 1.2k Ohms and emitter resistor 120 Ohms.

As the gain of the second-stage differential amplifier ‘’Ru’’ is quite large, the drain of the first-stage differential because the power supply voltage is low. It has no great value to load the resistance, much high the first stage of because not ‘’Kudeki’’ gain.

The second stage differential amplifier is not used a constant current load. To operate the constant current circuit, a 1.2V minimum voltage becomes necessary. A power supply voltage of that amount is over and not necessary to increase the side.
 
If the current feedback resistor 12 ‘’Narazu’’, the output impedance of the two-stage differential amplifier is lowered, the reason for using a Darlington output stage
is also here.

The internal resistance of this battery is low. Big thing there of output is and “Ru” current. So protection circuit of the amplifier is necessary to use a full-fledged circuit similar to the AC power amplifier with amplifier. Mark the level of adjustment in a multi-amplifier system f it’s useful, even in the network system. It can be easy to set the gain depending on the speaker performance rate.

This machine differs from the AC power supply. DC power amplifier, do not use the NFB method of mixing the voltage feedback and current feedback, the output current sensing resistor is in the speaker.

There is a need to put in a led for battery check. One of the output power is in this resistance part body that is loss, just cannot be a little bit of power over even waste in the low battery dropout of the power supply voltage.
If you omit to turn the power switch, there is two-stages protection circuits of power limiter type. In fact, the death of the amplifier is constant in the first stage current circuit. You cannot be set to the amplifier in the collector when current is 4 Ohms conditions. Leeds put a switch that can be dropout the load. It is set to output matter. And it has been on and off the operation. You can see this unit off gain control switch and the ratio of the drive resistance “Ra” the constant current off the circuit, the first-stage differential amplifier and the second stage differential amplifier is turned off. The drive voltage of the output stage is set to 0V. Therefore, no current flows through the amplifier. It is the degree to which small standby current flows through the resistor circuit’s protection.

When the operation to put a two-circuit power switch of the ten power to power, two mechanical switches turned at the same time… 
(Fin p. 255)

…not limited down and off to. Shock noise comes in delicate time lag.  They are minimal.

Fig. 12 shows a DC detection section of a protective circuit to protect the speaker DC leakage from a DC detection portion of the protective circuit. This circuit's common with other DC power amplifier.

Power supply unit

Fig. 13 is the power supply unit. Also the power through the battery allowed to independently considering the convenience of charging the protection circuit control unit battery checking. Power cable connection is just the simple terminal, but there is a battery drive unique ideas. Let's first look at the protection circuit control unit.

It is only + 15V directly to TC4011BP. Since the breakdown voltage of Ic is  18V, 15V are subjected to safety. This has the prior part portion but the parallel regulator 6V, consumes extra current very light because the power supply power transformer and filter capacitor is not. Switch S-2A, S-6A is for good searching 10A of AC power amplifier, it is turned on and off at S, the power supply unit will be overturned. While pressing the operate case than to the switch, really bad looking.
Some small light 2 circuit of switch (M-2022E) in switching FET (Tr1, Tr6) are on + off
to control the output voltage. It can comfortably switch operation in this way. The current is just below the 1mA current to be flow to the Ic.

Base resistance of Tr4 and Tr5 were also changed from traditional 10kOhms to 51k Ohms. In order to reduce the base current, this base over scan current flows only at the time that the protection circuit operates at zero during normal operation.

Power connector were divided into +-15V and +2.4V. +-15V is lithium-ion battery, because the 2.4V use a nickel-metal hydride battery and because the charger is different. 15V looks good even in 3-pin actors but, because it is used in the battery of 7.2V (in fact Ru out more than 7.5V) in two series as shown in fig. 14, they cannot be charged to the series, and individual “Rukarada” be charged. Since battery reaches the fully charged earlier in the series charger, it is disconnected from the external circuit, remaining battery cannot be charged.

Battery check others monitors the total voltage of +-15V power supply with this voltage LED and falls below the 14.4V is battery and four lithium-ion battery for the video camera, use two AA NiMH batteries.


It turned off, since the balance in the current consumption get to maybe “Chetta” the total voltage. 2.4V power supply consumes less current, it is much more long-lasting than the power supply, it may be charged at the same time charging of the +-15V power.
Battery

Fig. 14 is a battery Hanye Tech DS-DV001 for F970. I use four of them. This is a battery pack of 7.2V / 5800mAh. They are the same battery as for Sony video camera and are interchangeable parts of the NP-F970. Actual voltage of more than 8V is Dell to. It is a large-capacity extremely compact high-performance battery in spite of, than overcharge prevention switch circuit are built, and Ru can safely charge when charged with a constant current circuit from the DC12V power 1A. You need also the name of the voltage monitoring during charging. I’ll try to explain in the next issue the production of the charger.

The +2.4V battery is intended for using one of the nickel-metal hydride battery in the figure above. Here with the dedicated charger, charged with Panasonic BQ-391. It cans quick charge of 1A in charge, charge current 0.5A in four of its charge.
