P2950 Amplifier Reliability Concerns

Oct. 24, 2001

Rail Switching

Examining the circuit diagrams there is some concern about the resistors in series with the gates of the FETS. The current through these resistors varies quite a bit between the devices.
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	V+
	115
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	Vdrv
	130
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	Vz
	15
	
	
	
	
	
	
	
	
	

	
	
	
	
	Duty
	Von
	Ion
	Ppeak
	Pavg
	
	

	R
	72
	470
	R
	30%
	1
	0.002
	0.002
	0.001
	
	

	R
	73
	470
	R
	15%
	39.1
	0.083
	3.253
	0.488
	
	

	R
	74
	470
	R
	30%
	100
	0.213
	21.277
	6.383
	
	

	R
	75
	470
	R
	15%
	60.9
	0.130
	7.891
	1.184
	
	

	R
	75
	470
	R
	30%
	100
	0.213
	21.277
	7.567
	Combined
	

	
	
	
	
	
	
	
	
	
	
	

	Note R75 has the lower voltage drop 15% of the time and higher 30% of the time
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	Pz Pk
	Pz Avg
	
	
	
	
	
	

	D
	15
	0.032
	0.010
	
	
	
	
	
	
	

	D
	16
	1.248
	0.187
	
	
	
	
	
	
	

	D
	17
	3.191
	0.957
	
	
	
	
	
	
	

	D
	18
	5.135
	1.249
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	

	
	

	
	
	
	
	
	
	
	
	

	


From the above information, there is concern about R74 and R75 which pass the gate drive signal for the devices switching the negative supply rail for the power amplifier.


R74 is pulled down from almost the full rail voltage 30% of the time when the amp is clipping. There are two lines for R75 as it is pulled down from the full rail voltage 30% of the time and from the 2/3 rail about 15% of the time at clipping. This results in R74 and R75 needing to dissipate a lot of power, over 5W considering that in the schematic these are not designated as any more than ¼ Watt resistors.


For R75 to stay within its design parameters, the amplifier would have to be at full rail voltage possibly 1% of the time and 2/3 voltage 4% of the time. Probably OK for classical music but too little for highly compressed rock.


As well, with the 4 resistors, R72 to R75 getting substantially different drive currents, the time required to discharge the gate capacitances of the MOSFETS will be substantially different, resulting in differing switching times. R73 is also on an additional 30% of the time but dissipates almost no power during this additional ON time.


On top of this, Zener diodes D17 and D18 have to dissipate higher power levels than is prudent. D18 specially being operated 25% over its design limit not even accounting for the de-rating required if normal operating temperatures at high audio power levels are considered.


Also, since these circuits have to switch at the full audio frequency, all the parts have to work at high frequencies. To properly protect the FETs in case of high frequency oscillations or a high level, high frequency signal like an acoustic feedback, the zeners have to be able to avalanche in under 1µS. The trouble is that zener diodes are notoriously slow devices and their switching speed is seldom specified. While they may respond quickly enough, to depend on them to prevent excessive gate voltage on the FETs at 20KHz is not good design practice. Unless, FBT is buying special zener’s specified for fast switching time, the design requires using devices normally used only at DC. They are being operated at frequencies that were never intended by the manufacturer and are not specified by the manufacturer. The zeners normally used on FET gates are there for transient protection and not to clamp the normal drive current.


In a prudent design, the gate drive circuit should not be able to supply more than 15V. In this case, the gate drive circuits for the negative rail can deliver over 100V and the zener has to respond fast enough to clamp this to 15V. If there is any delay at all, even a few hundred nano-seconds for the zener to go into avalanche mode, the gate of the FET can be seriously overstressed and while it will not fail right away, punch through will occur eventually. High reliability FET design parameters require that the voltage available for gate drive not be in excess of the gate breakdown voltage. A zener can be used to clamp the level of DC voltage available to the drive circuit but should never be used to clamp the actual drive signal except as a backup.


The concept circuit has the gate drive signal coming from a source that cannot exceed 15V. The zener diodes on the gates are merely to prevent transient damage and to help discharge the internal capacitance of the gate when turning off.

FEEDBACK

It has been noted that the DC and AC feedback loops have sense resistors both before and after the DC offset relay. These are R67 and R68. The amplifier has differing amount of gains whether the relay is open or closed and whether there is a load connected or not. There is the possibility that the amplifier, having its gain change suddenly when the relay closes and possibly opens, may become unstable for a short period. Omitting R68 would eliminate this gain change.

CALIBRATION

It has been noted that on the preamp board if R34 or R35 are turned to the end of their travel the base leads of Q13 or Q14 are connected directly to V+ or V-. This may result in excessive current drain through them as they will “zener” once the reverse BE drop exceeds something like 7V and there is little current limiting. V+ or V- will be connected to the output of U1 with only a 680 ohm resistor in series. This would probably destroy U1 and may affect Q1 and Q3. R5 may also burn. R34 and R35 should have resistors in series to prevent them from being turned to zero resistance.

AC SHUTDOWN

A circuit has been developed in two versions to shut off the AC of an amplifier in the case that the protection circuits are tripped in order to prevent fire and/or collateral damage. As is commonly known, large power amplifiers have high current protection devices, commonly circuit breakers or fuses rated for many amps. When a fault in an amplifier occurs, many parts in addition to the initially faulty part are damaged because the protection devices cannot shut down the power very quickly. The amount of current required to operate the amplifier normally is enough to cause a lot of damage before being interrupted.


This circuit, as soon as a fault condition is detected will disconnect the AC mains from the power transformer. Damage will be limited to the time delay to detect a fault and to the amount of energy in the filter capacitors. While not fast enough to save other semiconductor devices, this is generally quick enough to prevent most burning of parts as well as any parts that may catch on fire.


The circuit requires no standby power supply as the AC line itself serves as the standby supply. While units with a standby supply can use a low voltage circuit, most power amplifiers do not have access to a source of low voltage until after they are switched on. 


The circuit consists of a basic bi-stable flip-flop with a capacitor on one transistor to ensure it always powers up in the desired ON mode. A fault turns on the opto-coupler which latches the flip-flop in the OFF mode.


The fault detected is usually a long term DC offset on either channel of the amplifier. An additional “pull-down” diode has been provided to allow other fault detecting circuits to be able to trip off the AC power.


A relay is preferred as the turn off device as these are extremely reliable. However, operation on 220V is somewhat more complex or it requires a larger value dropping resistor, which will generate more heat. A circuit using an opto-coupler and triac has also been provided which should work on either 120 or 230V. If a triac is used, while these are quite reliable, when they fail, they fail shorted, removing this protection. However, failure will not disable the amplifier and failure will not be detected until it is too late. A relay is the preferred device.


Please note that the transistors must be rated for at least 200V for 120V operation and 300V for 230V or universal operation.
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