Burning Amplifier #1
By Nelson Pass 1/22/09

Introduction

The Burning Amp Festival is an event every October in San Francisco. Do-it-yourself audio
enthusiasts from all over gather to show off their projects, listen to talks and equipment
demos, and rub shoulders with the rich and famous. Having a very large collection of audio
parts and diminishing storage space, | seem to have fallen into the role of Santa Claus there,
distributing components and cheap advice, with white hair, beard and a large elf (Colin Pass)
to add verisimilitude.

This year we also brought a batch of unfinished amplifiers, consisting of a chassis,
connectors, transformer, power supply capacitors and Mosfet output stages. These were
originally intended to be test beds for designs, but | ended up using the First Watt package for
this purpose. My fellow pack rats will appreciate not being able to put something to use, but
refusing to throw it away. Finding a good home for these things is an excellent solution, but
with it comes the burden of responsibility.

As we were handing these out, it became apparent from the glazed eyes of the recipients that
a suitable design for their use was a requirement, so the notion of the Burning Amps was
born, a series of Class A designs which run fearlessly hot in the pursuit of quality
amplification.

Here is the first one.
Hardware

Five varieties of stereo chassis were given out. There were all N channel Mosfet output
stages with either 8 devices per channel or 12 devices per channel. There were
complementary (N and P channel) Mosfet output stages also with 8 or 12 devices. There were
also a couple of amplifiers with complementary bipolar output stages.

This array provides for a variety of approaches, and here we will address the “all N channel’
amplifiers. The next piece will work with the complementary Mosfet output stages. After that,
we will explore some other possibilities. A modular approach will serve us in our initial efforts
— we will start with isolated versions of output stages and front ends

Concept

This amplifier has a voltage gain stage which uses matched P channel Jfets to differentially
accept a balanced or single-ended input signal. Following the Jfets, an N channel Mosfet
provides single-ended voltage amplification controlled by a local loop. The output stage is a
single-ended Class A output follower stage, biased by a large constant current source.

We will be operating this output stage au naturale, outside of any feedback loop, and so we
will put some emphasis on its intrinsic performance, and the best way to get that out of



Mosfets is to run lots of bias current through them. To emphasize the low order nature of any
distortion, we will also run the output stage in single-ended Class A, which gives the lowest
order harmonic content, primarily 2" order. The result is a very good sounding output power
circuit which is perfectly happy to run without a front end, and if your source has a high output
level you can dispense with the front end altogether.

With such an output stage, we only need a simple front end, something that won't get it the
way or add significant distortion of its own. Since the Burning Amp chassis has both balanced
and single-ended input connections, we want the input system to be comfortable with both

types.
Power Supply

Here is the basic schematic of the power supply. This is essentially identical to many of the
power supplies found in earlier articles such as the Zen series and the First Watt amplifiers.
The components are fairly ordinary. As the typical Burning Amp will dissipate more than 300
watts, the transformer wants to be rated at least twice that. The diode bridge is 25 amp at
200+ volts, and you can use ordinary or fancy high-speed bridges as you please. There were
a variety of transformers given away with these chassis, and our goal is to have
approximately +/- 25 volts on the supply rails. Voltages from 18 to 30 volts are acceptable,
and for transformers with secondaries much higher than 20 volts AC, operation using the
primary taps in series as shown may reduce the secondary voltages to the desired levels.
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Dan: Insert BA1PS here

C1 and C2 are line-rated types only, as they will be filtering AC line voltages. Thermistors
TH1 through TH3 are high power thermistors such as Keystone CL60. TH1 and TH2 are



used to suppress inrush surges on turn-on, and also are useful at reducing mechanical noise
in the transformers in conditions of high line noise. You will see that the chassis of the amp is
to be directly attached to the AC Earth, and TH3 is used to attach analog ground to the
chassis through the resistance of TH3, reducing issues with ground loops.

C3 through C6 are your standard high capacity power supply capacitors. The “long” Burning
Amp chassis with parallel output devices “6 deep” accommodates four such capacitors, the
“shorter” chassis holds two. | recommend that the owners of the “short” chassis to find a way
to mount two more capacitors at the front of the amp for C3 and C4. You will also note 10 uF
film capacitors across the supply lines. You can delete these, but remember that the
prototype used them.

All the resistors in the supply are 3 watt or higher types, and you can see R1 through R8 used
to form an RC filter to reduce the supply ripple on the second set of capacitors.

From a layout standpoint, you can wire the supply just as you see on the schematic. The two
crucial things to remember is that the ground point labeled STAR is the one you want to bring
the signal grounds back to. The other issue is to keep the signal wiring at some physical
distance from the transformer, AC lines, and the rectifier bridge and the wires attached to it.

Output Stage

Because this output stage is intended for more than one project, a modular approach is being
taken, and we will consider the output stage by itself. Figure 2 shows the schematic of the “6
deep” output stage. The “4 deep” output stage is achieved by deleting two pairs of output
devices and the associated resistors. All the parts are numbered between 101 and 199.

Dan: Insert BA1 OS here
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This output stage circuit, along with a few parts to set up the bias for both halves is perfectly
functional as a “power buffer” along the lines of the First Watt F4 amplifier, except that this
one operates as single-ended Class A with a bias current of about 3.5 amps. The 1 ohm
resistors are all 3 watt types, and the output devices are best matched for the Vgs within
about 0.1 volts or so at 500 mA or so.

By itself the output stage has fairly impressive performance: The noise is 30 uV, the input
impedance is 49 Kohms, and the damping factor is 33.

Here is the distortion vs output for this stage at 1 Khz into 8 ohms:
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Here is the distortion waveform, a nice second harmonic, at 1 watt, 1 Khz into 8 ohms:



Dan: Insert BA1DIST 1IWATT here
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Here is the frequency response at 1 watt into 8 ohms:
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Front End

As with the output stage, the front end needs good stand-alone qualities. Besides
accommodating single-ended and balanced inputs, we want a range of potential voltage gain
figures, the ability to swing the output stage rail-to-rail, and performance that will not
significantly degrade the stand-alone performance of our output stage.

Here is the front end schematic:

Dan: Insert BA1lFE here
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This front end circuit also includes parts that provide bias voltages to both the positive and
negative halves of the output stage. All the parts are numbered from 201 to 299.

Q201 is a dual matched pair of P channel Jfets, part 2SJ109. These are in scarce supply
(although the recipients of Burning Amps will each get a pair). They can be substituted with
matched 2SJ74 types, and a number of other parts will function with lesser performance.

Q201 is biased by a constant current source formed by Q202 and R205. Q202, an N channel
JFET 2SK170 with Idss of about 10 mA, is operated as a constant current sourceby simply
attaching the Gate pin to the Source pin. If you don't have a 2SK170 with the 10 mA Idss, you
can parallel two lesser value parts. The 10 mA figure is not critical, and potentiometer P201
provides flexibility on the value. R205 takes up some of the dissipation that would otherwise
be found in Q202, keeping it within dissipation spec. As shown on the schematic, typically
you will see about 10 volts across this part, reflecting the 10 mA current.

R201 through 204 form the balanced inputs networks. R201 = R203 and R202 = R204, and
the gain is R203/R201. Compensation capacitors C201 and C202 form the high frequency
roll-off for the gain, and while C201 is not strictly essential, it helps to retain the balanced input
common mode rejection figure at high frequencies. If you are interested in higher gain
figures, adjusting the values of R201 and R202 is a good place, as it minimally disturbs the
frequency compensation.

When operating the amplifier with a single-ended (RCA) input, the negative input is shorted to
ground. You can use dual input connectors, RCA and XLR with the hot RCA connected to pin
2 (+) of the XLR and RCA ground to pin 1. Pin 3 is the (-) input, and can be connected to pin
1 on the XLR for single-ended input.

The output signal from the input JFET appears across P201 and drives the Gate of Mosfet
Q203 which provides the bulk of voltage gain for the front end. P201 provides adjustment



against the expected variations of components in the front end and is used to set the output
DC figure of the front end. You will note that no “lag” frequency compensation is employed.

The Drain of the Mosfet Q203 is biased with about 15 mA of current provided by the series 3
watt resistor values of R208 and R209. On the Source of Q203 the gain is degenerated by
R207 at 100 ohms, limiting the gain and improving the linearity and bandwidth.

The point between R208 and R209 is “bootstrapped” from the output of the amplifier through
C208. In many designs a constant current source would be employed here, but this approach
is not only simpler but provides voltage drive greater than the positive supply voltage so that
the maximum output of the amplifier gets as close to the supply rail voltages as possible.

In this case the power output difference is not small, and the Class A nature of the output
stage makes us dissipate about 7 watts for every volt. The performance of the bootstrapped
system with a good linear output stage is so close to the performance offered by constant
current sourcing at lower levels that it becomes the clear choice.

You will note that a RC networks appear between the output node of the front end and the
input of the output stage. C203 rolls off the low frequency response at about 0.3 Hz and |
chose to use a 10 uF polypropylene type here, as the only capacitor in the signal path.
Strictly speaking you do not have to use this capacitor, but it does make adjustment and long
term DC stability very easy to achieve. Without it, you will be using P201 to adjust the output
offset, and there will be considerably more drift.

C204 and R215 form a high frequency pole at the output of the front end and this cleans up
the square wave response at very high frequencies by simultaneously loading the front end
and filtering the output above 200 Khz.

Assuming you use C203 as recommended, you will also want the positive bias network
consisting of R212, R213, R214, 7201, C209, and P202. C203 and all these parts are
absolutely essential if you decide to use the output stage as a stand-along power buffer. The
purpose of this circuitry is to provide a positive constant bias voltage to the input of the bank
of power Mosfets which sets their output to 0 volts DC. P202 is used to adjust this value.

There is also a bias system for the negative half of the output stage formed by R216, R217,
R218, R219, C207 and Q204. Q204 is a generic NP N transistor which sees the voltage
appearing across the 1 ohm Source resistors of the negative half of the output stage and sets
their value at about 0.6 volts, locking them in at a constant current value of 0.6A each. R219
is not ordinarily used here, but can be added if you need to reduce the current in an amplifier
which is running too hot. If you need to use it, you can try values starting with 47 Kohm or so,
decreasing the resistance for less bias current.

R210, R211, C205 and C206 form a supply decoupling filter which helps keep the noise low
by filtering the ripple from the raw power supply rails.

Construction Notes

All the usual comments about construction apply to this amplifier. The output devices should
be matched for Vgs so that they share current well, and of course we note that all Mosfets are



static sensitive until installed in the circuit, so they should be handled with reasonable care.
Once in the circuit they are protected by Z101 and Z102

Heat sinking for this ampilifier is vital, and should be enough that the metal on which the
transistors are mounted is at 65 deg C or less, and the fins should be at 55 deg C or less. If
they are higher, you need to consider ventilation, fans, and/or lower bias current. The diode
bridge on the power supply should also be mounted on metal for heat sinking, and Q203 is
best provided with some sort of “push-on-tab” heat sink.

The power transformer should be rated at 600 VA or more. Two channels of this amp will
typically draw in excess of 300 watts, and we allow at least a 2 to 1 transformer margin.

Safety first: Use the smallest value Slow-Blow type fuse that holds up under continuous
operation. Start with a 3A value and increase to 4A if necessary.

More Safety first: The chassis must be solidly grounded to the AC earth ground and should
be attached to the analog circuit ground either directly, or through power thermistors or diode
bridges if it is necessary to prevent ground loop noise issues.

Initial Turn-on and Adjustments

When the amplifier is first fired up, it is best done without a load. A a minimum you will need a
DC multimeter so as to separately adjust the DC offset figures of the front end and the output
stage. Set P201 to adjust the Drain voltage of Q203 to approximately O volts. This value is
not critical, as it is isolated from the output in any case.

Then you want to adjust the DC output of the amplifier using P202, again setting it to 0 volts.
After this you would be well advised to use multimeter to confirm the various voltages which
are shown in the schematics to confirm that they are nominally close to those values. You will
want to keep an eye on the amplifier as it warms up, and you will end up re-adjusting the
values of the two potentiometers.

Heat sinks should stabilize at a temperature at which you can put your hand on the heat sinks

for about 5 seconds. This is between 50 and 55 deg C, and is the ideal figure. As mentioned
before, you should consider better ventilation or less bias if the heat is much greater.

Performance

The measured performance of both stages together is comparable to that of just the follower
output stage. Of course it now has voltage gain, and with that we see an increase in noise to
about 70 uV. The bandwidth is slightly reduced to -3 dB at about 200 Khz.

Here is the distortion vs power at 1 Khz into 8 ohms:

Dan: Insert BA1 DAMP here
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Here is the distortion vs frequency at 1 watt into 8 ohms:
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Here is the amplifier frequency response curve at 1 watt:

Dan: Insert BA1 FREQ RESP here
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This extended bandwidth will make you expect a good looking square wave.

At 100 Khz, the BA 1 does not disappoint:

Dan: Insert BA1 100 KHZ SQ WAVE here
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The Sound

Most articles of this sort are expected to rhapsodize over the exquisiteness of the sounds
emitted by the project. 1 find the experience of high quality audio ineffable, that is to say not



easily translated to words. | don't enjoy searching for phrases and trying to fit them to
perceptions, but here | go anyway:

This amp is really swell!

| will also share that good measurements produced by simple linear circuits consistently
sound swell. And why not? Tweaked over a period of time they usually can be made to
sound even better, but that does tend to be a long process.

Being new, this amplifier presumably can be improved incrementally through choices different

part types and values. You are invited to do so and to share your experiences at
www.diyaudio.com.



