TheBrideof Zen: A Single Gain Stage Preamplifier
Intro

Thisis the second ingtalment of atrilogy of congtruction projects centered around the
performance obtainable from absolutdy minimalist circuitry. Part one described the Zen
amplifier, a10 watt sngle-ended class A power amplifier using asingle MOSFET gain dage. In
this piece we will examineiits preamplifying mate, so asingle gan sage MOSFET circuit.

A lot of what | might say about this design has aready been expressed in the Zen amplifier piece,
and will not be repeated here. It is enough to say that | continue to be very intrigued by the
sound of very smple topologies, sngle-ended in particular, and the use of MOSFET gain
devicesin redizing them. | assert that Smpler circuits sound better. Anyone who disagreesis
welcome to that opinion, and | wish them well listening to op amps.

Aswith the Zen amplifier, the purpose hereis to explore a design which pushes smplicity to the
limit. 1 want you to build it and experience not only the satisfaction of creating something tangible
and functiond, but aso the pleasure of subjectively high performance audio.

Asbefore, the smplest possible gain circuit has one stage, with asingle trangstor. Of necessity
for linear operation, it must be operated in single-ended class A, and because we want both a
high input impedance and voltage gain, the only ussful connection is common-source, where the
input signd is presented to the Gate of the MOSFET, and the output signal appears at the Drain.

Quite afew people have told me that they understood the concept of single-ended Triode
amplifiers, and had not imagined that such athing could be done with transstors. Conceptudly,
you can do dmost anything with trangstors that you could with tubes, athough you do not
aways get the sameresults. The converse will not be true until areiable supply of postrons
becomes available to run through a P channel tube.

| did not find it practicd to build asingle gain stage tube amplifier, but the rlaxed conditions
under which a preamp functions makes a tube verson of this circuit workable. Smply adjust the
voltage and bias vaues for atube instead of the MOSFET we will use here. | leavethat asan
exercise for the reader.

Requirements

Due to its extreme smplicity, the Zen amplifier’ sinterfaced needs to be indulged a bit, both at the
output and also at theinput. With respect to its output, it is designed for an 8 ohm load with an
efficiency of 94 dB or grester. | have driven the Zen into Thid 3.6 loudspeskers, 88 dB efficient
at 2.3 ohms, but the result isnot pretty. With apair of Klipsch speskersit will throw off itsmild
mannered disguise and behave like a party animd.

The Zen amp input makes a preamp do alittle more work than usual. Depending on the specific
input vaues, its input impedance istypicdly 4.75 KOhm, and it needs about 2.5 volts input to
driveit to full output. Itsgainisabout 15 dB, which is 10 dB less than most power amps and it
requires more signa from the preamp for equivaent levels.



The point of apreamp circuit hereisto function as again circuit with a high input impedance, a
low output impedance, and a volume control. This preamp has a 50 KOhm input impedance,
variable gain to about 15 dB, and will deliver the 2.5 volts a .1% digtortion or less.

In the Zen amplifier, the need to linearly swing ardaively large anount of current into aload of
varying impedance gave us a good reason to employ negative feedback around the MOSFET.
Without it, the damping factor would be extremely low, and any impedance variation in the
loudspesker would give alarge variaion in frequency response.

The Zen preamp circuit has amuch easier job in thisregard, as the load attached to the Drain of
the MOSFET will be resistive over the audio frequency range, dlowing for intringcaly flat
response. We will have much less reason to employ feedback in this circuit, and so we will not.

Another advantage that the preamp circuit will enjoy over the power amplifier isthe rdatively
amadl disspation involved. The Zen sngle-ended power amplifier idles a more than four times its
output rating, typicaly 50 to 60 watts. The Bride of Zen will not typicaly be asked to deliver
more than amilliwatt, but the MOSFET will have no difficulty disspating awatt or so. Thiswill
dlow usto hias the transstor at very much higher voltages and currents than are required to
drive the load, enormoudy enhancing the performance.

A sngle common-source gain device will invert the phase of the sgnd it amplifies, and this must
be taken into account when using the circuit in an audio syssem. The Zen amplifier dso doesthis,
but we reversed the phase on its output terminals to compensate, which is not possible here.
Using the Zen preamp usudly requires that we adjust the phase of connection between amplifier
and |loudspeaker for phase integrity.

The importance of proper absolute phase has been discussed e sewhere, including the origina
Zen amplifier contribution. | will smply say that proper absolute phaseis alegitimate factor in
the overal quality of sound reproduction. Evenif | could not hear phase reversal, aesthetic
congderations aone would prompt me to assure that it was correct.

Volume Control

Wewill place the volume contral at the output of the circuit, giving us a higher output impedance
than istypical. Depending on the postion of the volume control, the output impedance will range
from 0 to 1.5 KOhms.

Normdly you see the volume control potentiometer at the input to the preamp circuit, and in this
way you can insure that the input will not be overloaded. Placing the potentiometer at the output
has two advantages, however, the first being that dl circuit noise will be attenuated as the volume
setting isreduced. Placing the volume control at the output alows the input of the gain ageto
look directly at the source. Thisimproves the bandwidth and distortion of the circuit by
providing alower RC figure for the input capacitance of the MOSFET. If you desreto placea
potentiometer & the input of the circuit, fed free to do so before the input coupling capacitor in
place of R107.

Because the input to the Zen amplifier isaresstor operating into avirtua ground summing
junction, it isinsendtive to aresgive source impedance. The gain of the amplifier will ater by
the addition of the source resistance, but the distortion and bandwidth performance will not



change gppreciably. A dircuit driving the Zen amplifier need not have a particularly low output
impedance, aslong asit isresgtivein character.

Isa maximum 1.5 KOhm source impedance a problem? Not in my experience, aslong asit is
passive in character, asin the case of this circuit which has no feedback. Y ou could conceivably
see some rolloff at the top end, but even 1000 pF loading will only take the bandwidth down to
100 KHz.

The Schematic

Figure 1 shows the schematic of the one channe of the Zen preamp. Thereis one trangstor,
Q101, and N channd power MOSFET. Input signa is presented to the gate of the MOSFET
and the output is taken from the Drain. Everything ese in the circuit is used to bias up the
MOSFET appropriately.
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FIGURE 1: Zen preamp circut,

While not necessarily true of all MOSFET devices, the types we will be considering perform
better at higher supply voltages and higher currents. To take advantage of this, we will usea
relatively high voltage supply at 60 volts and will bias the gain device a 40 milliamps

We will provide gpproximately +7.5 DC volts to the gate of the MOSFET in order to turn it on.
The MOSFET will require about 3.5 volts Gate to Source voltage to conduct the 40 milliamps,
and thiswill leave 4 volts |eft over to be placed across the 100 ohm resistor, R108, which gives
us 40 milliamps of current through Q101.



The DC input bias is delivered by the components R101, P102, R103, R105, and C102. The
positive supply voltage is divided down by R101 and P102, and can be adjusted by P102.
R103 and C102 provide noise filtering, and the adjusted quiet DC voltage is connected to the
input through R105. To keep the source impedance from atering the DC bias, we capacitively
couple the input through C104, which isa 1 uF film capacitor. The RC network of C104 and
R105 produces a high pass characterigtic at the input which is 1.6 Hz.

R107 isan optionad part which is used to prevent trans ents when the input sdector is switched.
R106 is a 100 ohm nomina resstor used to prevent parasitic oscillations in the MOSFET.

D101 is a zener diode which servesto protect the Gate of the MOSFET from voltages in excess
of the 20 volt Gate-to-Source rating.

Signd input at the gate of the MOSFET causes the current through the transistor to vary,
producing output AC voltage across R104. The gain of the circuit isthe ratio of the output
loading divided by the apparent resistance formed by the 100 ohm R108 and the inverse of the
transconductance of the MOSFET. At this current with typica devices, that valueis about 110
ohmstota. At audio frequencies the output load is the 1000 ohms of R104 in paradld with the
combination of output potentiometer P101 (the output level control) and theload. Thisvaueis
aways less than 800 ohms, so the gain of the circuit is somewhat |ess than 8 without an externa
load.

The 40 milliamps of DC current flowing through Q101 sets up a drop of 40 volts across R104,
leaving about 20 volts DC & the Drain of Q101. Since we do not want to passthis aong to the
amplifier, we use output coupling capacitor C103, which rolls off the output below 3 Hz without
an output load.

The circuit will use aregulated power supply, but since any noise on the supply will appear & the
output through R104, it is desirable to clean in up as much as possible. R102 and C101 form a
passive filter at the supply line to perform this task.

Referencing Fig. 1, note that the component numbers of one channel begin with 100, and the
components of the other channel begin with 200. The power supply will have numbers which
begin with 1.

So there we are; one trangistor, one diode, 4 capacitors, 8 resistors, and 2 pots.



The Power supply
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FIGURE 2: Zen power supply.

Figure 2 shows the schematic for a power supply with adequate capacity for two channels. The
transformer voltage required to produce the regulated 60 volts will be about 50 volts AC. | used
an Ave-Lindberg D4007, which is 60 volts with secondariesin series, producing about 86 volts
DC across power supply C1. A stack of Zener diodesis used to produce a 64 volt reference
biased by R1 and filtered by C2. This stack drives follower Q1.

Additiond passve RC filtering is provided. Thisfiltering, aong with the filtering provided on
each channd, is essentid, because the regulation provided by the zener diodes and Q1 has good
DC gahility but till carries quite abit of AC noise. As supply noise will gppear at the output,

we want the power supply noise to be greater than -100 dB below 1 volt, or lessthan 10
microvolts.

TheParts

Inasmple circuit, there are no smal roles, only smdl parts. With the exception of R104 and
R204, | have used RN55D type metd film resistors. Y ou are welcome to use anything you
choose.

The capacitorsin the sgnd path are metallized polyester film types. “Better” capacitors can be
had; maybe they sound better, maybe they don’'t. Aswith the resstors, you may do as your
plesse.



The choice of MOSFETS is dightly more restricted. The devices should be capable of
withgtanding 50 volts minimum, and 100 voltsis preferred. They will need to dissipate
gpproximately 1 watt, and should be equipped with the gppropriate heat sink for this.

The IRF510, 520, 610, and 620 are typica partsthat are suitable. Higher voltage types are
fine, but offer somewhat less transconductance. Higher current types have more capacitance,
and suffer from higher digtortion at high frequencies due to nonlinearities in this cgpacitance. The
transstor actualy used was the Internationa Rectifier IRF610.

Table 1 displays the partslist for two channels and the power supply.

Table 1 displays the partslist for two channels and the power supply.

Resgors

R1 4,75k
R2, 3 47.5
R101, 201 33.2k

R102, 202 221

R103, 203 10k

R104, 204 1k, 3W

R106, 206, 108, 208 100
R105, 205, 107, 207 100k

Capacitors

C1, 3,4, 101, 102 1000uF,100V

C2, 102, 202 100uF, 63V

C103, 203 10uF, 100V

C104, 204 1uF, 100V

Potentiometers

P101, 201 5k

P102, 202 10k

Miscdlaneous

Q1 TIP29CGE

Q101, 201 IRF610 Mosfet

D1-4 1N4004

Z1-6 10V Zener

D101, 201 20V Zener

T1 60V AC Avd-Lindberg D4007

Heatsinks TO-220 transistors
The PC Board

Fig 3 and 4 are the circuit board art and component placement diagram. A smple circuit such as
this can eadly be constructed on perf board or even with point-to-point wiring, so fed freeto do



it that way. Thereis nothing exatic about the layout, and no specid requirements to avoid

oscillation and such.
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FIGURE 4: Component placement,
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Construction Notes

MOSFETs are sengitive to datic eectricity. Their gate resstance is unbelievably high, but will
break down somewhere between 20 and 100 volts, damaging or destroying the transstor. For
this reason, | have provided a protection diode in the circuit. Once the circuit is assembled, the
trangstor will be safe, but until it is, the MOSFET should be handled carefully to avoid exposure

to Satic eectricity.

If you can locate a dua volume control potentiometer at 5 KOhms, you will want to useit.
Higher values are OK, but result in higher source impedance. If you use short cables between
the preamp and a Zen, you should be able to get by with up to 25 KOhms, which will givea

maximum source impedance of 6 K ohms. If you can't find a suitable dud pot, smply use

separate leve controls for each channdl.

The input sdlect system congists of input connectors and a 2 pole rotary switch for asdector. It
is preferable to shield the cables between the inputs and the switch, and between the switch




wiper and the circuit input. If you want to implement a tape output, you can do so by tapping off
the wiper of the selector .

It isuseful to put some distance between the transformer and the audio circuitry in order to avoid
noise caused by the stray magnetic fidds of the transformer and primary and secondary wiring.

| leave the AC power hookup to you. | recommend using an approved commercialy available
linefilter / input receptacle on the AC line, with a.125 amp dow blow fuse.

We will want to ground the chassisto circuit ground, and for safety it is desirable to dso earth
ground the system through the third conductor of the AC line cord. This occasiondly resultsin
ground loop noise, and if it does, | recommend grounding the system to earth through a 10 ohm
5 waett resgtor as an dternative to smply floating the chassis. If thereis any question about
safety in AC power wiring, it isimportant to consult a quaified technician.

Objective Performance

Fig 5 shows the digtortion characteritic of the circuit from .1 to 10 volts output. The digtortion
isfarly pure second harmonic, generdly regarded as the least offensve variety. The distortion
curve ismonatonic, that isto say, it increases smoothly as the voltage increases, and itsfirst
derivative is pogtive. At the bottom of the curve we begin to see some noise, which isthe
increase in the curve below .3 volts.
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Fig 6 shows the digtortion versus frequency of the circuit at 1 volt output. It isflat.

Fig 7 shows the frequency response of the circuit. The bottom end rolloff reflects the output and
input coupling capacitors. To extend performance to lower frequencies, use larger capacitors.
At the high end, the circuit isdown 1.5 dB at 200 KHz, and part of thisisthe test setup. The
high frequency rolloff is afunction of the capacitance of the MOSFET.

Subj ective Performance/ Conclusion
It isin this spot that the author €lucidates the sonic astonishment which awaits the amateur upon

completion of the project. 1 will not disgppoint you. It sounds marvelous. Redly. No
Kidding.




Even if you didn’'t build the Zen amplifier, you owe it to yoursdf to do thisone. Stay tuned for
Part 3, The Son of Zen.

White papers and literature still available from Pass Labs, PO BOX 219, Foresthill, CA 95631.
tel (530) 367 3690 fax (530) 367 2193
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