Leaving Class A

The meters on our ampliyers are different. They repect the current consumption of
the ampliyer, and when the ampliyer is operating, they donit go down to zero like the
meters on other ampliyers. This is because the electrical current consumption of our
circuits has a fairly high value at all times, a property called the bias. The bias current
runs through the ampliyers at a minimum value, determining the class of operation

T Class B, Class AB, or Class A.

Class B has no bias current, Class AB has a moderate bias current, and Class A has
a high bias current. Class AB push-pull ampliyers are hybrids between Class B and
Class A. Class AB run Class A at low power levels, and become Class B ampliyers at
output currents determined by the bias.

For several years Pass Labs has speciyed the nominal wattages at which our
ampliyers leave push-pull Class A operation into an eight ohm load.

Here is a current summary of this information:

MODEL POWER BIAS CLASS A

W/ CH A/CH PEAK
x1560.5 150 0.7 16
X250.5 250 0.8 20
X350.5 350 1.0 30
X600.5 600 17 92
X1000.5 1000 12 118
XA30.5 30 1.3 of
XA60.5 60 1.9 120
XA100.5 100 2.6 208
XA160.5 160 3.2 328
XA200.5 200 3.6 409

We get a lot of questions about this. A typical email reads, fil canit sleep at night T |
keep worrying about where my ampliyer stops being Class A. As | listen to my system,
| think | can hear the Klunk as the special Class A part of the ampliyer kicks in and out!o



For starters, there is no special Class A circuit that kicks in and out, and for that matter,
there certainly is no Klunk. There is just a push-pull ampliyer output stage which

Is operated at a constant idle current known as the bias. In this regard, our power
ampliyers are like other ampliyers on the market. The vast majority of ampliyers are
push-pull designs with a certain amount of bias current.

Push-pull ampliyers generally operate in Class A mode up to a point where the output
current is twice the value of the bias current. In the Class A region, both halves of the
circuit share the signal simultaneously. Beyond that the signal is handled solely by the
push (+) half of the ampliyer or the pull (-) half.

Letis look at this in more detail. The simpliyed circuit for such an output stage looks
like this:
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FIG 1 PUSH—PULL OUTPUT STAGE

Here we see two power transistors operated as fifollowerso where the output voltage
equals the input voltage. Q1 is attached to the positive power supply and Q2 is
attached to the negative power supply. Ordinarily the common output of these two
transistors would be attached to a loudspeaker. When the input voltage is positive, so
Is the output voltage, and we would look to Q1 to supply current to the loudspeaker
from the positive supply. When the input voltage is negative, we look to Q2 to supply
current to the loudspeaker from the negative supply.

Audio signal has both positive and negative voltage components and we will see a
point at zero volts where the two halves meet. Unfortunately, all the gain devices we



know have severe non-linearity (distortion) down around zero, and this gives us a very
poor transition from Q1 to Q2 and vice versa.

The solution for this is to apply some idle current to the circuit by the mechanism of the
bias voltage source you see in Fig 1. This voltage is set so that at idle, current pows
through Q1 and Q2 equally from the V+ supply to the V- supply and creates a more
linear region at the crossover point.

If that is not clear, perhaps an analogy will help: Imagine that the two transistors are
runners in a relay race and that the signal is the baton they carry. In a real relay race,
the runner receiving the baton begins running before the hand-off, which is made
with the runners at speed. The runners who hand over the baton at a dead stop will
operate at a severe disadvantage.

So it is with push-pull power transistors. The higher the bias, the smoother, more
seamless is the transition.

The quantity of bias current is the key. Figure 2 shows this from the point of view of
O1.

FIG2A NO BIAS FIG2B CLASS AB FIG2C CLASSA

Fig 2a shows Q1 conducting current on the positive half of the signal and experiencing
a sharp cutoff as the signal goes negative. 2b shows the effect of a small Class AB
bias current T the current shows a gentle cutoff with less distortion. 2c shows enough
bias to keep the transistor in the Class A region, where it always conducts current and
has even less distortion.

Higher bias doesnit just move the Class A transition to higher ground T it has a
profound inpuence on the ampliyer at all power levels. It lowers the distortion at low
levels as well as high levels, as seen in the distortion vs power curves for an ampliyer
with the bias set at different levels.

In Fig 3 we see the distortion of an output stage operated without feedback driving 8
ohms from 0.10 watts up to 20 watts. The top curve with the highest distortion has a
bias of 0.016 amps. The next lower is 0.08A, followed by 0.16A, 0.32A, 0.64A, 1.28A,






