
How to achieve enlightenment and a JFET power amp 

using the Zen approach.

The Power JFET Amplifier: 

T
hanks to a nice person on the Pass 
Labs Forum (www.diyaudio.com), 
I became aware that high current 
power JFET transistors are again 

available. You can check them out at  
www.lovoltech.com, which offers a 

small variety of high current N-channel 
vertical JFETs in TO-251 and TO-252 
packages. They don’t hold much voltage 
(20–24V) or dissipate much power (69W, 
derated at 1.8W/degree), but they do de-
liver up to 100A peak. Clearly designed 

as switches, they nevertheless offer a lin-
ear operating region and are attractive 
for audio amplifier design.

Small-signal JFETs are routinely 
used in the input stages of the finest 
solid-state amplifiers and preamplifiers, 
where they give very high input imped-
ance, high linearity, and very low noise. 
JFETs are often extolled in promotional 
literature for their “tube-like” qualities. 
Their characteristic curves, like MOS-
FETs, largely resemble pentodes.

In the 1970s, Sony and Yamaha of-
fered a few JFET power amplifiers, but 
discontinued them for unknown rea-
sons. Figure 1 shows a simplified sche-
matic of the Yamaha B1, which remains 
a highly regarded product.

Why power JFETs, you ask? Don’t 
we have enough transistors already? 
We do have lots of choices in devices, 
but a vertical JFET brings some par-
ticular characteristics to the table that 
you don’t get elsewhere. When you look 
at characteristic curves for devices, you 
see what I call the “triode character” 
and the “pentode character,” as shown 
in Fig. 2.

Here you see that the triode charac-
ter has a partially exponential curve of 
current versus voltage across the de-
vice, while the pentode has a more loga-
rithmic shape. You could think of the 
triode as “concave” and the pentode as 
“convex,” and by comparison, a resistor 
would have a straight line.

Since no gain device does such a 
good job of approximating a resistor, 
triode designers linearize the tube cir-
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solid state

FIGURE 2: Triode and pentode character.
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FIGURE 1: Simplified Yamaha B1 JFET amplifier.
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cuit by operating the voltage/current 
load line to get some cancellation be-
tween competing voltage and current 
distortion. This can be done with either 
single-ended or push-pull circuits.

The guys with pentode type devices, 
which includes solid-state as well as 
non-triode tubes, take a different ap-
proach, which is to try to work them in 
the more voltage-invariant area and use 
other methods to correct for remaining 
nonlinearities, usually through nega-
tive feedback.

I’m not here to argue the merits of 
one approach over another, but as I 
look at the characteristic lines for these 
new power JFETs, I notice that there is 
a narrow region at the bottom where 
there is less convex curvature. In fact, 
it looks concave, kind of like a triode.

With Lovoltech part LU1014, note 
that with a gate voltage of –1V, the 
curve is concave below about 5A and 
4V. In this range it has that triode char-
acter, and this is the area of interest to 
us here.

There are some other potential ad-
vantages to these JFETs. For a given 

bias current, they are more linear than 
comparable MOSFETs, and while they 
have comparable capacitances, the val-
ues are more linear over the operating 
voltages. Depletion mode is convenient, 
as it offers self-biasing with no par-
ticular circuitry to set the bias point, 
and the devices have a small negative 
temperature coefficient, so they hold 
a stable bias point easily. Last but not 
least, JFETs are not sensitive to static 
discharge.

THE SINGLE APPROACH
If you have a device that behaves a bit 
like a triode, then it is natural to try 
it out in a popular triode amplifier to-
pology. For many aficionados, that to-
pology would be single-ended Class A 
operation. 300Bs and 211s operated 
single-ended and coupled to an output 
transformer have been held by many 
as a low power musical standard. Sin-
gle-ended Class A tube amplifiers are 
not very powerful, and their measure-
ments are nothing to write home about, 

FIGURE 3: LU1014.
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but there is no denying that they have 
strong musical appeal to a sizable seg-
ment of the audiophile population.

Well, it seems easy enough—just pop 
one of these self-biased little buggers 
in series with a transformer, as shown 
in Fig. 4. The gain and input imped-
ance of the transistor are such that you 
won’t even need more than this single 
stage—much easier than the three gain 
stages of your better tube amps, and no 
fussing around with filament supplies, 
either.

THE PROBLEMS
There are some reasons the circuit of 
Fig. 4 might not be appropriate.

First, as shown, the JFET will draw 
a tremendous amount of current, and 
quickly take up smoking. You can fix 
that with some resistance on the source 
to ground. Looking at the curves, 
maybe an ohm or so.

While you’re fixing things, perhaps 
you can do without the transformer at 
all. In tube circuits the transformer 
converts the high voltage/low current 
of the tube’s terrain to the relatively 
low voltage/high current of the speaker. 
Again looking at the JFET’s curves, you 
see that perhaps it isn’t necessary, and 
you can replace the transformer with a 
resistor and output capacitor, as in Fig. 
5. If you think that a capacitor is not an 
improvement over a transformer, then 
you’re welcome to your opinion, and 
in fact the transformer will raise the 
efficiency of the amplifier, but we are 
going to leave that for another time.

As you slowly crank up the supply 
voltage, you see that this certainly 
works, but the distortion is kind of 
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FIGURE 4: Plug it in and see what 
happens.
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high, and when you raise the voltage 
enough to get a good listen, you notice 
that the high end is a little deficient. 
After a few exciting seconds, the ampli-
fier makes a popping noise, and then:  

Nothing.

OK, you’re making progress anyway. 
Our problems (hereafter referred to as 
opportunities) are fairly simple. First, 
the transistor in question has limited 

dissipation. Even though it’s rated at 
69W, realistically I’d be afraid to operate 
the package at more than about 10W or 
so. A TO-251 is a small device, and you 
must work to get the heat away from it.

Second, the transistor is rated at only 
24V. That’s just about enough to make 
a 2W amplifier with this circuit, and 
under these circumstances the transis-
tor will be dissipating something ap-
proaching 16W. You might get away 
with this, but you still have pretty high 
distortion, and the top end is still down.

You can fix the top end—just get a pre-
amp with a low output impedance. The 
400pF capacitance between the gate and 
the drain of the JFET is being amplified 
by the gain of the amplifier, and looks 
like more than 3200pF. What? You say 
your preamp has a 10k output imped-
ance? We can fix that.

Even with a low impedance preamp, 
the distortion is still high. Some oppor-
tunities just seem insurmountable.

THE SOLUTION
There is a single solution to these prob-
lems—cascode operation. It is easy to 

cascode the drain of the JFET with a 
partner device, as illustrated in Fig. 
6. The partner device, operated com-
mon gate, contributes so little of its 

FIGURE 5: This one worked for a 
minute.
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FIGURE 6: Simplified final circuit.
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Aura Sound introduces two new
aluminum cone woofers with; Low
Distortion, Long Excursion and
Shielded NRT Motors.  All at a
more affordable price!

NS10-513-4A 10" Woofer

NS12-512-4A 12" Woofer

Specifications: NS10 NS12
Nominal Diameter 10 12 Inches
Impedance 4 4 ohm
Sensitivity 2.83V/1M 88 89.5 dB
Power RMS 200 200 W
VC diameter 51.3 51.3 mm
X-max linear 10 10 mm
X-max maximum 22 22 mm
Fs 29 23 Hz
Re 3.04 2.86 ohm
Qms 9.4 9.1
Qes 0.35 0.39
Qts 0.34 0.37
Vas 53.6 127 liters
Sd 346 503 cm2

Cms 318 356 µm/N
Mms 95.5 137 grams
Bl 12.2 12 Tm
Magnet Material Neodymium
Cone Aluminum (black)
VC Wire Copper
Magnet Shielding Inherent
Surround Rubber
Frame Cast, with heat shrink
Price $171 $182 Each

MADISOUND SPEAKER COMPONENTS, INC.
8608 UNIVERSITY GREEN

P.O. BOX 44283
MADISON, WI 53744-4283 U.S.A.

TEL: 608-831-3433 FAX: 608-831-3771
e-mail: info@madisound.com

Web Page: http:/www.madisound.com

own character to the output that it 
doesn’t rate as a gain stage per se, but 
it shields the actual gain device from 
the output voltage. The gain variation 
due to fluctuations of drain-source volt-
age (the music) has nearly vanished, as 
has the need to charge and discharge 

the capacitance from drain to gate.
Even better, the drain to source volt-

age is not only nearly constant, but it is 
low, as low as you might want in order 
to keep the transistor reasonably cool. 
The power MOSFET doesn’t have any-
thing to say about the output signal, 

but it must take all 
the heat. Now you can 
crank this circuit up.

Figure 7 shows the 
Full Monty.

The current source 
resistor of the simpli-
fied circuit could be 
an ordinary power re-
sistor, cooking along 
at 40W, or you can get 
a pair of 300W (120V) 
light bulbs, which are 
cheap and don’t need 
heatsinks. I like the 
clear ones because 
they look swell.

Just about all you 
want to know about 
this circuit is in the 
schematic, as I have 

FIGURE 7: Amplifier without feedback.
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posted the relevant voltages. There is 
wiggle room with regard to supply volt-
age and current, but you want to watch 
Q1—its dissipation is the voltage across 
it and the current draw of the circuit, 
which as shown is about 3.2V and 2.2A, 
equaling 7W. The voltage and current 
are functions of the part itself, but you 
can adjust the voltage with P1. As you 
increase the value of P1, the voltage 
across the JFET increases, and the cur-
rent will increase with it.

Construction of the amplifier is as 
straightforward as any other amplifier. 
The power supply doesn’t require regu-
lation, but it does require filtering to 
avoid supply noise from bleeding into 
the output. It is also very helpful if the 
supply comes up slowly on turn-on. You 
can obtain both these qualities with a 
capacitance multiplier as outlined in 
previous Zen articles. Q2 is mounted 
on a heatsink like any other power de-
vice, but we pay special attention to the 
mounting of Q1.

I mounted mine directly on an anod-
ized sink, using thermal grease and 
about a pound of pressure from a clip. 

I relied on the anodizing to insulate the 
case of Q1 from the heatsink. If you do 
the same, you will want to be certain 
that it is insulated, otherwise I recom-
mend mica and grease.

Of course, you will want to put in 
audiophile-approved bypass capacitors 
in parallel with C1, but I leave you to 
choose the part.

Before you fire up the amplifier, 
check everything twice, (once in the 
evening, once in the morning) and set 
P1 to the minimum 
value. It should turn 
on drawing no cur-
rent. Monitor the 
voltage, the drain 
and source of the 
JFET, and the drain 
of Q2 to ground. 
Slowly, very slowly, 
increase the value of 
P1. 

After a while, the 
drain of Q2 should 
start to drop as the 
drain and source 
of Q1 start to rise. 

With a little luck, you’ll arrive at the 
voltages shown. The two light bulbs 
in parallel should measure about 11Ω, 
so that the correct output voltage will 
give about 2.2A of current, and you’ll 
see about 1.1V at the source of the 
JFET, where the current goes to ground 
through a 0.5Ω power resistor.

The crucial test is to get the 25V at 
the output while maintaining a rela-
tively low voltage across the JFET. You 
want to keep the dissipation on the 

PHOTO 1: Second harmonic distortion.
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JFET at less than 10W, and depending 
on the individual JFET, you should be 
able to manage that.

The distortion of the circuit versus 
output is shown in Fig. 8. It rises with 
the classic second harmonic character, 
as shown in Photo 
1. Compared with 
a typical MOSFET 
in the same circuit, 
it shows about one-
third the distortion.

Figure 9  shows 
the distortion at 1W 
across the audio 
band. It is flat and re-
mains flat for source 
impedances up to 
several kΩ. The band-
width with a 600Ω 
source impedance is 
down a fraction of a 
dB at 100kHz.

By virtue of the re-
sistance of the light 
bulbs, the damping 
factor for Fig. 7 is 
slightly less than 1. 

With an 8Ω load, the gain is about 18dB.
Naturally, we look for any opportu-

nity to improve the performance of this 
circuit, and if you don’t mind throwing 
away a little gain, you can consider using 
some negative feedback on the circuit.

FIGURE 10: Amplifier with 6dB feedback.
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FIGURE 8: THD vs. output. No 
feedback.
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FIGURE 9: THD vs. frequency. No 
feedback.
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Figure 10 shows the circuit with feed-
back implemented. You have found a 
new connection for R6 and added R7 
to form a feedback loop giving about 
6dB of feedback. The input impedance 
is now about 10kΩ, and the damping fac-
tor is increased to 2. Due to the higher 
source impedance, the amplifier is down 
a bit more at 100kHz, and the distortion 
climbs a little bit at 20kHz, but nothing 
to become excited about.

In the circuit of Fig. 7, a resistor to 
ground at the input ensured that the gate 
of the JFET was referenced to ground, 
and in this circuit R8 now provides that 
function, giving the gate a ground refer-
ence when there is no DC source imped-
ance.

Figure 11 shows the distortion with 
and without feedback, and you see that 
the distortion is reduced by nearly half 
over most of the operating range. As you 
reach clipping, nothing can help you, not 
even feedback.

CONCLUSION
Well, there you have it, an actual power 
JFET amplifier. There are many things 

that you will be able to do to make it 
better, and other designers will come 
along and add lots of parts and make it 
increasingly complex. In the meantime, 
you can get your feet wet with this sim-
ple circuit.

I’d like to spend some time talking 
about how great it sounds, but I would 
rather be listening to it, so I end here 
for the time being.    aX
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FIGURE 11: THD vs. output. With 
and without feedback.
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