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In This Issue 

This Issue  

    I thought that this issue would be up by Feb 1. 
Sorry for the delay. The sad fact is that this journal is 
always the last priority. I wish it were the my first 
priority, as I would like to cover many more topics 
and experimentations. But until it can economically 
justify the time and effort spent on it, the back burner 
is where it will stay. So please tell your friends about 
this journal, as the more readers it has, the better the 
chance it will have at attracting paying advertisers. 
The circulation count was removed not to hide the 
number, but because most readers have taken 
advantage of the PDF format. Speaking of which, I 
am buying the latest version of Adobe’s Acrobat 
Distiller, so the files will become more user friendly.  
    On a happier note, this issue is full of tube circuit 
information and analysis. The complaint that I have 
shunned the 300B is answered by using it in the 
design examples of the article on partial feedback. 
The tube is undoubtedly great, but even great things 
can bore one eventually. Seemingly, every article 
prompts an e-mail asking if the 300B could be used 
in the circuit; well, this time it can be. A second brief 
look at the problem of designing a portable 
headphone amplifier is made in this issue. 
Additionally, the e-mail section contains a lengthy 
reply concerning a hybrid Class-A SE amplifier. 
    Remember, if you have a request or suggestion of 
your own for either an article topic or circuit 
explanation, please e-mail:           
                                     Editor  
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Partial Feedback Amplifiers  

Partial Feedback Amplifier  

      For the last two issues I have been promising to 
resurrect a worthy old tube circuit topology. Although 
this topology was used mostly in power amplifier 
output stages, its application could be (and should be) 
much wider. Going by the names of “the partial 
feedback amplifier” and “the inverse feedback pair 
amplifier,” this circuit topology is defined by the use 
of a resistor spanning the output tube’s output to its 
input, i.e. the wrapping of a feedback loop from the 
plate to the grid, and as the plate inverts the grid’s 
signal, a negative feedback loop.  
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     This feedback-loop delivers the goods: it lowers 
distortion, output impedance and noise at the plate, 
while extending the frequency bandwidth. Because 
the feedback loop is so short, this feedback system 
finds little of the instability problems usually 
associated with the use of feedback. Every additional 
stage (and its reactive components) burdens feedback 
stability. The analogy might be of the line of people 
passing a story from one listener to the next, with the 
usual outcome of the story straying from the first 
telling to something unrecognizable at the last. In an 
amplifier that uses feedback, if the signal fed back 
ever becomes phase inverted, the amplifier ceases 
being an amplifier and becomes an oscillator. 
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     In fact, one way of looking at this topology is to 
see it as a means of making a pentode act more like a 
triode and making the triode act even more triode 
like. Let’s review the basics. Normally, a pentode is 
extremely sensitive to variations in grid and screen 
voltage, but almost completely insensitive to 
variations in plate voltage, thus the pentode’s high 
output impedance. The triode, on the other hand, is 
sensitive to plate voltage variations, as those 
variations will result in real variations in plate 
current. Put mathematically, the plate is 1/mu times 
as effective as the grid in controlling current flow 
through the triode (the cathode is [mu + 1] times as 
effective as the plate); and considering that a 300B 
has a mu of about 4, even being only one fourth as 
effective is something substantial.  
      The triode’s plate, very much like a resistor, will 
resist an increase in plate voltage by increasing its 
current conduction and will resist an decrease in 
plate voltage by decreasing its current conduction; 
thus, the plate’s opposition to voltage variations 
defines a negative feedback mechanism. In other 
words, the triode already enjoys a short, fast 
feedback loop from its plate to its cathode. 
    Applying a short, fast feedback loop to a pentode 
will bestow a much lower plate resistance to the 
pentode, while still retaining the pentode’s wider 
useable current and voltage swing. Yes, it is a little 
like having one’s cake and eating it, which was, if 
you will remember, the promise made by using an 
ultra-linear topology. (In many ways ultra-linear is a 
bestowing of triode like characteristics onto the 
pentode, while still preserving the pentode’ features.)  
     However, nothing comes for free and the price to 
be paid for this enhanced performance is that 
transconductance will be needed to fuel the feedback 
mechanism. But before jumping to far ahead, let’s 
start with the circuit’s defining features and 
functioning.  
 
A Virtual Resistor 
     Beginning with the feedback loop in greater 
detail, imagine either a triode (say, a 300B) or a 
pentode (say, a 350B) whose grid was shorted to its 
plate via a coupling capacitor. As this circuit is now 
configured, it is not an amplifier, instead, it is a 
virtual resistor of sorts, and a low valued resistor at 
that. A +1 volt pulse in plate voltage will be 
immediately relayed to the grid, which will prompt 
the tube’s entire transconductance to counter this 
voltage by increasing the tube’s conduction.  

     In addition, the 300B’s plate resistance will also 
buck this +1 volt pulse by making its contribution to 
the increase in the 300B’s current conduction. For 
example, a +1 volt plate voltage pulse finds a 5.5 mA 
increase in current conduction from the +1 volt grid 
voltage pulse times the transconductance (5.5 mA/V) 
of the 300B, to which must be added to the 1.4 mA 
increase in current conduction from the  300B’s rp 
(700 ohms). In other words, any voltage source used 
to increase the plate voltage by 1 volt would have to 
be able to also source 6.9 mA of current into the 
plate to sustain that +1 volt increase. Again, in other 
words, the 6.9 mA increase in current would be 
identical to the increase in current a 145 ohm 
impedance would give rise to when presented with a 
+1 voltage pulse (R = 1 / I or I = V / R). Adding the 
two sources of changes in current conduction 
together into one formula yields the effective 
transconductance of the triode: 
       Gm´ =  (mu + 1) / rp. 
Considering that, in tube terms, the 300B’s stock 
plate impedance of 700 ohms is already extremely 
low, a rp of 145 ohms is spectacularly low.  
    Had we used a 350B (a pentode of the beam power 
type) in the last example, the results would resemble 
those of the 300B. While this pentode does not have 
the highest plate resistance (37,500 ohms) of 
pentodes, but its rp is still hugely greater than the 
300B’s. It does, however, have a fair amount of 
transconductance (8.3  mA/V). So while its plate will 
make little contribution to the increase in current 
conduction (0.0266 mA), its grid acting on the tube’s 
transconductance will. Thus, a +1 volt pulse on the 
plate equals a total of 8.3266 mA increase in current 
conduction. And thus, the 350B effectively equals a 
120 ohm impedance in this circuit.  
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    An I-to-V converter usually consists of just a 
resistor and an IC Op-Amp. The input to the Op-
Amp is taken at its negative input and the resistor 
spans this input to the output, while the positive input 
is grounded. Any current flowing into the negative 
input will have to flow through the resistor, which 
will develop a voltage across this resistor. Since Op-
Amps work to prevent any differences from 
occurring between their positive and negative inputs, 
the negative input will effectively mirror the positive 
input, which means the negative input is effectively 
grounded as well.  

     However, an understanding of a tube’s DC 
functioning is essential to figuring out how to bias 
the triode or making sense of its plate curves. It is 
truly unfortunate that a tube’s impedance is named 
“Plate Resistance” and not “Dynamic Plate 
Impedance” or even “Plate Impedance,” just as it is 
sad that there is the conventional description of 
current flow and the actual, but such are the 
accidents of history. (The triode does not have a 
reactive component to its functioning other than the 
minor internal capacitances and inductances, so the 
best name might be “Dynamic Plate Resistance.”)  
 
I-to-V Stages 
     Since this circuit is not a voltage amplifier, how 
do we make an amplifier out of it? Strictly speaking, 
we don’t. What we create instead is a I-to-V (current-
to-voltage) converter. This type of circuit receives a 
varying input current and then delivers a 
proportionally varying voltage at its output. 
Everyone who has ever played a CD has indirectly 
encountered an I-to-V converter, as the output from 
the DAC inside CD player is a varying current. 
(Those few DACs that do provide a voltage output 
contain an I-to-V converter internal to their case.) 
Attaching a scope probe to the DAC’s output reveals 
almost nothing, as the scope reads voltage not 
current. Only when the current flows through some 
impedance or resistance does the voltage developed 
become readable by the scope’s probe. So in order to 
give amplifiers their required drive voltage, the I-to-
V converter is needed.  

     No doubt, many any a reader is now puzzled by 
the paradox of stating that a tube’s effective 
impedance equals 120 ohms when its plate sees a 
several hundred volt power supply. Surely, the tube 
would melt if it saw the same current that a 120 ohm 
resistor would experience with 360 volts across its 
leads (3 amps!)? Like so many paradoxes, this one 
crumbles when precision of speech is brought to bear 
on it. “Impedance” is similar to “resistance,” but not 
identical to it. That the two words are often used 
interchangeably is due to sloppy thinking and that 
erosion of meaning that all words must bear from 
use. (“Transpired” once meant more than just 
“happened” and “nice” once wasn’t nice and, while 
are at it, “Class-A” once meant something other than 
“Class-AB”. When Confucius was asked what he 
would wish for if given only one wish, replied “I 
would restore the original meanings to words.”) 
    “Resistance” describes the opposition to a flow of 
DC current; “impedance,” the sum of resistance and 
reactance (the opposition to AC current). Thus, the 
need to speak of pulses, as adjusting B+ up 1 volt, 
will only give a momentary pulse in the increase in 
current conduction before relapsing into a slightly 
higher conduction because the capacitor will not 
sustain that 1 volt increase for long.  

    The DC resistance is found by simply dividing the 
plate voltage by the plate current. The AC resistance 
requires taking a small voltage range and dividing it 
by the resulting range of current swing: 
      AC Resistance = (V2—V2) / (I2—I1)  
    Bear in mind that this is not some trivial and 
pedantic distinction, as understanding this distinction 
is necessary to any real understanding tube 
electronics. A triode has a DC resistance and an AC 
resistance. Since sound is an AC phenomena, we 
primarily concern ourselves with the AC aspect of 
the triode’s functioning.  

DC Resistance

AC Resistance

I = I2 - I1
V = V2 - V1

V2V1
I1

I2

DAC
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    (Current into 0 ohms equals 0 volts, which is why 
the scope could not see the DAC’s output.) But an 
Op-Amp’s inputs cannot source or sink any current 
(this is the ideal behavior and is close to being true 
for the FET or MOSFET input based Op-Amps). So 
how does the negative input mimic ground? If the 
Op-Amp is configured as a unity gain buffer with the 
output directly fed into the negative input, then the 
output stage sources or sinks any current, thus 
making the negative input appear as a ground 
connection. And if negative input and output are 
indirectly connected through a resistor, the output 
stage still does all the work. The only difference is in 
this case that output stage must compensate for the 
voltage drop across the resistor.  
    So here is the beauty of the circuit: an I-to-V 
converter uses all its gain to keep the input at 0 volts 
(and thus 0 ohms) and uses the voltage developed 
across the resistor to define its output voltage. For 
example, an I-to-V converter with a resistor of 1k 
sees a 1 mA input current, which it counters by 
moving its output 1 volt. If it moved more than 1 
volt, the input would not be at 0 volts, as the resistor 
bears 1 volt across its leads; conversely, if it moved 
only .5 volts, the input would also fail to be at 0 
volts. In other words, the only way the Op-Amp’s 
inputs can match each other is when the output 
moves to the voltage appropriate to offset the voltage 
drop across the resistor that results from the input 
current flowing through that resistor. To increase the 
conversion ratio (not the gain) increase the resistor’s 
value. (Yes, a potentiometer would allow trimming.) 
    The latent paradox is How can an amplifier that 
has both its inputs shorted to ground amplify any 
signal? It can’t, is the quick answer. The longer 
answer is that some small voltage signal must be 
present at the negative input. How small? The output 
voltage divided by the open loop-gain of the Op-
Amp is roughly the answer. The exact answer is the 
output voltage divided by the sum of the open loop-
gain plus 1. And since Op-Amps usually run open-
loop gains up to the millions, very small indeed is the 
better answer. In fact, the lazy assumption usually 
made is that Op-Amp has infinite gain, as millions is 
effectively infinite. (The truth is that all Op-Amps 
have a finite gain and one that usually falls off at –6 
dB per octave after reaching some corner frequency, 
which can be as low as 10 Hz. Fortunately, the Op-
Amp’s gain is usually so great that even at 20 kHz 
there is plenty of gain and hence feedback available.)  

     One critical point to be made here is that the 
current source feeding the I-to-V converter must 
have a near infinite output impedance. If an Op-Amp 
is directly used to feed the I-to-V converter, one or 
both Op-Amps will die in the fight. Placing a resistor 
in series with the first Op-Amp’s output solves this 
problem. Any output voltage will develop a 
proportional current into this resistor, as its other end 
is effectively grounded by the I-to-V converter input. 
This current is then converted to voltage by the I-to-
V converter. Wait a second, do you mean to say that 
a simple inverted Op-Amp topology is actually made 
up of a V-to-I converter feeding an I-to-V converter? 
Yes, I do; the resistor is effectively a V-to-I 
converter cascading into an I-to-V converter. Why 
don’t other people refer to it this way? Part of the 
answer lies in mental rut so many have fallen into: of 
thinking primarily in terms of voltage. I was broken 
of this habit when I designed an amplifier to drive .5 
ohm ribbon speakers. The output voltage was 
miniscule and the output current was staggering (10 
amps for 25 watts).  
 
Tube I-to-V Converters 
     Can an I-to-V converter be made from vacuum 
tubes? (Well if it couldn’t, this subject probably 
would not be covered in this journal.) Certainly one 
can be made and with as little as one triode and a few 
passive parts. Just placing a resistor in series with the 
coupling capacitor of the virtual resistor example 
transforms our virtual resistor into an I-to-V 
converter. But let’s look a little more closely at how 
an I-to-V converter must be used to function well.  
    While adding the 
series resistor, Rfb, 
did create an I-to-V 
converter, driving this 
converter or any other 
feedback  I - to -V 
converter with a 
voltage source will 
undermine the results.  

    For example, if a low output impedance amplifier 
feeds the input of this I-to-V converter, the output of 
this converter will not be proportionally related to the 
input current, as the converter’s output will only 
equal the gain of the tube when loaded down by the 
plate resistor shunted by Rfb’s value and the output 
impedance only equals the rp in parallel with these 
resistors, as all the feedback has been removed.  

B+
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     This happens because the amplifier’s low output 
impedance overwhelms the grid’s freedom to move; 
in contrast, if a current source feeds the input, the full 
feedback mechanism is restored. The key point is 
that the impedance looking into the converter must 
be high, so as to give the grid the freedom of 
movement required to convert the incoming current 
into voltage. Fortunately, designing high output 
impedance tube circuits is an easy task.  
    Pentodes naturally have very high output 
impedances, which suit driving an I-to-V converter 
nicely. And using a large valued cathode resistor in a 
triode based grounded cathode amplifier makes the 
output impedance climb. The math is simple:  
       Zo = rp + (mu + 1)Rk. 
For example, a 6SN7 with a 20k cathode resistor will 
have an effective plate impedance of 428k; a 12AX7 
with a 50k cathode resistor, 5 meg.  
 
The gain and Input and Output  
Impedances of an I-to-V converter 
      If the stipulation that the input be fed by a high 
impedance source is met, then math is 
straightforward. The conversion ratio is roughly 
given by: 
      Ratio •  IRfb / (1 - 1/[gain +1]). 
     A tube I-to-V converter’s output impedance is the 
same as it was with only the coupling capacitor 
joining plate to grid. This makes sense, as the series 
resistor does attenuate the plate voltage variations, 
for the resistor is not part of a voltage divider. 
Infinity divided by the sum of infinity plus the series 
resistor, Rfb, still equals unity. Thus the output 
impedance for a triode based I-to-V converter is a 
given roughly by: 
      Zo •  rp / (mu +1). 
And for a pentode based I-to-V converter is roughly  
given by:  
      Zo •  1 / Gm. 
The input impedance for either tube type is roughly 
given by: 
      Zin •  (Zo + Rfb) / (gain +1). 
In all of the above formulas, gain refers to the open-
loop gain of the circuit. Why all the “roughly” and 
imprecision? The practice of simplifying formulas in 
textbooks has irked me greatly, as I want all the 
insight I can get into tube circuits. Yet, I see its use. 
If the formula exceeds our ability to quickly see into 
it, we do not try to do so. So, now that we have had a 
good look, let’s move on. 
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The Precise Formulas 
      The I-to-V converter’s precise formulas must 
include the dragging effect the grid bias resistor, the 
plate resistor and the rp of the output tube. The gain 
is lessened by the grid bias resistor siphoning away a 
small portion of the input current. Thus, the 
conversion ratio is precisely given by: 
       Ratio =  
               I(GainRgRfb) / (Rfb + Rg[1+ Gain]) 
The output impedance for a triode based I-to-V 
converter must take the shunting effect of plate 
resistor and resistors Rfb and Rg and is given by: 
       Zo =  
(Rfb + Rg) || Ra || rp || (rp/mu x [Rg+Rfb]/Rg) 
And for a pentode based I-to-V converter is given by:  
       Zo = ([Rg + Rfb]/Rg)/Gm || Ra. 
The input impedance for either tube type is roughly 
given by: 
       Zin = Rg || (Zo + Rfb) / (gain +1). 

I-to-V Output Stages 
    An I-to-V converter’s output can be used to power 
a loudspeaker, if the devices used are robust enough. 
In fact, some have argued that usual configuration of 
DAC to I-to-V converter to line stage to power 
amplifier to speaker should be replaced with DAC to 
I-to-V converter to speaker. The assumption being 
that the less intermediate stages the better the sound. 
The volume could adjusted by presenting the DAC’s 
output a varying resistance, which would shunt more 
or less current away from the I-to-V converter qua 
amplifier’s input. (“Qua” is a great little word 
meaning “acting in the function of.” For example, 
“NOS 300B qua family heirloom.”) But let us stretch 
this idea even further: what if we used a tube based I-
to-V converter that could swing huge voltages but 
moderate current swings directly into an electrostatic 
loudspeaker stators, bypassing the need for a step-up 
transformer and, possibly, the need for a separate 
polarizing power supply? The I-to-V converter 
allows for some amazing tricks to be performed, but 
let’s not jump to far forward. 

Rg

Rfb

Ra

V outputI input

GmVg

    The shunting resistor, Rfb, sets the conversion 
ratio; the larger the value, the greater the conversion. 
For example, a 10k resistor converts a 1 mA input 
current pulse into a 10 volt pulse and a 100k resistor 
yields a 100 volt pulse. The amazing part is that the 
input current against the resistor’s value equals the 
output voltage, this circuit is not an amplifier in the 
usual sense in that it does not have a gain, but rather 
a relative efficiency. For example, a 300B based I-to-
V converter with a 100k Rfb resistor, yields about 80 
volts of swing when presented with the 1 mA current 
pulse. The 300B’s gain in a grounded cathode 
amplifier cannot exceed its mu, about 4, yet the 
output equals 80 volts. This is a rather good trick, as 
we seemingly get more gain than would otherwise be 
possible. The second trick is the low output 
impedance of the I-to-V converter. No doubt many 
readers will have noted that the output impedance 
equals that of the same tube used in a cathode 
follower circuit. This stands to reason, as what the 
feedback resistor does is return all the gain to the 
grid, just as a cathode follower returns all the gain to 
the cathode. The cathode has an effective 
transconductance slightly greater than the grid’s: in a 
triode, it equals (mu + 1) / rp, which matches the 
effective Gm of the I-to-V converter’s plate and grid 
working in unison.  
     Well, since this circuit matches the cathode 
follower in Zo, why not use a cathode follower 
instead? The problem with using a cathode follower 
as an output stage is that it requires a huge input 
voltage swing. So large in fact that often the cathode 
follower’s low distortion is undermined by the 
distortion from the input and driver stages. 
Additionally, the driver stage often requires a greater 
power supply voltage than the cathode follower 
output stage to allow such huge voltage swings. This 
is the price we pay for the cathode follower’s 
extremely high input impedance. The I-to-V 
converter, on the other hand, can be fed from a 
current source whose power supply amounts to only 
5 volts, as ideally the input of the converter never 
sees any voltage swings, only current swings.  
      Ok. Where is the catch? The catch comes in the 
form of a limit to the useable value for the series 
resistor. If too low, the resistor becomes a heavy in 
itself. If too high, the high-end falls off. This resistor 
is shunted by the Miller effect capacitance of the 
output stage and this capacitance will limit the high 
frequency response of the I-to-V converter.  
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The math is straightforward:  
       F-3 = 1 / (2piRfbC), 
Where, C is the effective grid-to-plate capacitance 
and Rfb is the feedback resistor. For example, a 
300B loaded by 4000 ohms realizes a gain of 3; this 
amount of gain (gain +1) times the 15 pF of grid-to-
plate capacitance equals 60 pF of capacitance, which 
when combined with a 100k Rfb resistor, returns a 
upper transition frequency of 26.5 kHz. While this 
cutoff frequency is still outside the audio band, it is a 
small fraction of what a 300B could extend to in a 
comparable cathode follower circuit.  
    Further catches are those catches that all feedback 
systems are susceptible to: harder clipping and 
potential instability when faced with reactive loads. 
But as this feedback loop is indeed short, instability 
is unlikely to be a problem. Besides the best attribute 
of this feedback system is that it might eliminate the 
need for a global feedback loop. If the output stage 
has low distortion and wide bandwidth and the input 
and driver stages do not distort greatly, why bother 
with a global feedback loop, a loop which would 
have to encompasses many more stages and many 
more reactive components? 
     Historically, single stage feedback was shunned 
because it usually increased the drive voltage 
required, which increased the driver’s distortion 
figure. So while the output’s distortion dropped, the 
front end's increased almost proportionally. In 
contrast, the global feedback loop reduced all the 
stages distortions, but at the greater the risk of 
instability.   
 
Topology Variations 
    As long as a circuit realizes 100% feedback from 
the output to the input, and as long as a circuit’s 
input has a relatively low input impedance, and as 
long as resistor, Rfb, is primarily responsible for 
setting the current-to-voltage conversion ratio, the 
circuit goal of cleanly converting input currents into 
output voltages will have been met.  

     Many topologies are possible with vacuum tubes. 
If nothing else a tube based Op-Amp can be made 
that will work as a plug-in replacement for the solid-
state Op-Amp. But a simpler circuit is preferable. 
Two similar topologies are shown below.  

Rg

Rfb

Ra

V outputI input

GmVg
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outputRfb
RaRa

B+
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output

Rfb
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     Both variations offer the advantage of not heating 
resistor Rfb at idle, as the resistor sees the same 
voltage at each of its ends. In addition, the lack of a 
voltage drop across allows a potentiometer to replace 
the resistor without upsetting the operating and bias 
points. The disadvantage to the second variation lies 
in the limitations of the choke used to load the first 
stage. Inductors need low impedances to bite on and 
the large valued cathode resistor used in the previous 
stage guarantees a high output impedance from this 
stage. The higher the impedance, the greater the 
inductance value needs to be. The greater the 
inductance, the higher the DCR of the choke and the 
higher the inter-winding coupling capacitance 
between layers, the higher the susceptibility to 
airborne hum pickup (mutual inductance between 
other chokes and transformers), and the more readily 
the choke saturates. The output transformer on the 
other hand, finds the low impedance it wants to see 
in feedback reduced output impedance of output 
tube; even a pentode will offer some bite. 
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    An alternative topology uses the resistor Rfb to 
function as a current path for the previous stage. 
Note how the word “path” was used instead of 
“load.” ideally, the input to an I-to-V converter 
should be zero ohms. Nothing close to zero ohms is 
attainable with the triode’s limited gain, however.  

Power Amplifier Design Example 
     Let’s go through the steps of designing a “partial 
feedback” output stage. (By the way, the name 
“partial feedback” was never explained. It probably 
refers to the only partial span of the feedback loop 
that does not wrap across the entire amplifier or to 
the only partial realization of the feedback because 
of the non-infinite output impedance of the driver 
stage.)  
     Remember, when designing power amplifiers, 
work backwards. Start with the load, then work back 
to the output stage, then to the driver stage, then to 
the input stage. Why just three stages? Why not five 
stages? The answer is more historic than reasoned: 
three stages has worked well from the Futterman 
OTLs to most modern transistor amplifiers. If you 
can get away with two stage, all the better. Adding 
more stages, however, does ease up the design 
requirements for each stage, but it also risks greater 
instability (in feedback based amplifiers) and poorer 
bandwidth. (For the more inquisitive readers, I 
recommend that you put away the hi-fi magazines 
and search out schematics for old tube based 
oscilloscopes, as these electronic instruments 
contained some very high gain amplifiers that 
seldom used feedback to extend bandwidth.) 
     Beginning at the end, the load is, no doubt, an 8 
ohm speaker; the output stage, a single-ended 
transformer-coupled 300B ground cathode amplifier 
modified into an I-to-V converter; the driver stage, a 
voltage-to-current converter, i.e. a high output 
impedance voltage amplifier; the input stage, a 
simple grounded cathode voltage amplifier.  
      Now in greater detail. A single-ended 300B 
output stage can be modeled in SE Amp CAD or 
worked out with a set of plate curves or taken from 
the Western Electric literature or lifted from a 
magazine article.  

    The next question is How much idle current for the 
previous stage? You see, in this and the last topology 
variation, the first stage is a V-to-I converter that 
must have an idle current at least equal to the peak 
current swing, if it is to function cleanly, as it is truly 
a single-ended, Class A circuit that must be able to 
give up as much current conduction as it draw at 
peaks. Thus, the idle current for this stage must at 
least equal the peak expected current signal into the 
I-to-V converter. For example, if we want to see a 
100 volt swing at the output of the I-to-V converter 
and if the resistor Rfb’s value is 100k, then the peak 
current swing into the I-to-V converter is 1 mA; 
consequently, this amount of current is also the 
minimum idle current for the V-to-I converter stage.  
    Greatly increasing this idle current might seem a 
good idea, as a higher idle current decreases the 
percentage of the current swing into the gooey 
bottom of the tube’s plate curves. However, such as 
an increase in current often runs into a snag; for 
example, 10 mA against a 80k resistor develops a 
voltage of 820 volts, almost certainly exceeding the 
power supply voltage of the amplifier, even if the 
output tube is cathode biased! The solution is to scale 
back the current to a value compatible with the 
circuit’s operation points. Here is where a high gain 
output tube or an inductive load is very desirable. In 
fact, the inductive load allows virtually any idle 
current greater than the peak current to be used. 
 

B+

input

output

Rfb

Feedback resistor as a DC and AC current path  

B+

output

Rfb

input



www.tubecad.com   Copyright © 2001 GlassWare   All Rights Reserved NEXT > < PREVIOUS 

 <<  March 2001                                   ^^ TUBE CAD JOURNAL  ^^              Volume 3  Number 2  >> 

9 Pg. 

    In other words, it converts input voltage into 
output current, which when this current flows 
through an impedance or resistance, develops an 
output voltage. Since the V-to-I conversion is 
inherent in the tube’s functioning, all that remains is 
to guarantee a high output impedance. Using a 
pentode or a triode with a large value cathode resistor 
has already been mentioned and both solutions work 
well. My preference (this week) is for the triode, if 
for no other reason that it does not require a screen 
power supply; next week, I may find the pentode 
intrinsically high output impedance and wider range 
of operation more compelling.  
    Given that the 300B’s plate must swing 240 volts, 
we must find positive grid swing needed to achieve 
that plate swing. The SE Amp CAD report shows 
+80 volts are needed. Given that grid must see at 
least 80 volts of peak swing and that the series 
resistor equals 80k, we determine that the peak 
current swing into the output stage must equal 4 mA. 
(Before reading too far ahead, stop and see if you can 
figure out how this value was derived.)  The 300B’s 
plate must swing ±240 volts to realize 7 watts into 
the output transformer’s primary and its grid must 
see at the same time see at least ±80 volts, as the two 
voltage swings work in anti-phase. In other words, 
the 80 volt grid swing must be added to the 240 volt 
plate swing. The total, 320 volts, is then divided by 
the 80k resistor: 320 / 80k = 4 mA. This is the peak 
current swing, not the peak-to-peak current swing, 
which would be 0 to 8 mA. If the inductive load is 
used, the peak-to-peak current swing would be –4 
mA to +4 mA, the idle current through Rfb is 0 mA.  
     I do not want output lose any readers, so I will try 
to keep the math simple here. Now 4 mA is also the 
value that 4 volt across 1k equals or 40 volts across 
10k equals...and so on. In the first case, a 1 volt input 
voltage results in a 1 mA output current; in the 
second case, 1 volt results in .1 mA. So in keeping to 
our pledge of simple math, let’s opt for the first case 
and accept a conversion ratio of 1 mA per volt. This 
means that we will need at least 4 volts of input 
voltage swing. 
    Which tube to use? Several tubes can be biased 
with a 1k cathode resistor (the 12AX7 to the 6BX7). 
But few, if any tubes, will find an idle current equal 
to 4 mA at the desired plate voltage (168 volts). 
There is one workaround for those cases where idle 
current against the cathode resistor is greater than the 
required bias voltage. 

   What we need to know is the plate voltage at idle, 
the plate’s voltage swings at maximum output, the 
idle bias voltage, and the grid’s voltage swings at full 
output. One possible circuit arrangement taken from 
SE Amp CAD (click to download PDF) is the 
following: a Bartolucci 24 output transformer with a 
4k reflected impedance as the plate load, a 60 mA 
idle current, a –87 volt bias voltage, a 494 volt B+ 
voltage, a plate voltage of 488 volts, a cathode-to-
plate voltage of 400 volts (the output stage is cathode 
biased, a grid voltage swing of at least 80 volts, and a 
output of 7 watts. If we were given just this limited 
amount of information, we could deduce several 
missing pieces of data. The most important is that the 
plate must swing 240 volt swings to develop 7 RMS 
watts into a 4k load. SE Amp CAD’s simulation of 
plate voltage swings (and grid swings) were not used 
because its simulation calculates the 300B’s actual 
raw distorted voltage swings that contain a large 
helping of 2nd harmonic distortion, which we hope 
to reduce. How big a reduction can we expect? The 
formula for distortion reduction is as follows: 
      D´ = distortion / (1 + βGain), 
where gain equals the open-loop gain and β equals 
the feedback ratio, but as our hope is to realizes close 
to 100% feedback, so we can round up to 1. The last 
missing piece of information is the value of the Rfb 
resistor. It can be found by first taking the gain + 1 
and multiplying this sum (3 + 1) against the 300B’s 
15 Pf of grid-to-plate capacitance; second, we chose 
the acceptable limit to high frequency response. In 
this example lets pick 30 kHz. Reordering the last 
formula gives us the value of for resistor Rfb:  
       Rfb = 1 / (2piFC). 
In this example, Rfb = 88.5k, which we round down 
to 80k. Understand, this value was almost arbitrarily 
picked and may not ultimately work, but is a 
convenient starting point, as 3 mA against it equals 
the 240 volts of plate swing needed.  
     Now that we have the design specifications for the 
output stage, we move back to the driver stage. 
Because our output stage consists of an I-to-V 
converter, the driver stage must not drag down the 
output stage by having too low an output impedance.      
Ideally, what we need is a V-to-I converter, which is 
convenient for us tube fanciers, as tubes are basically 
V-to-I converters. In a tube amplifier, the grid 
presents an extremely high input impedance and it 
acts upon voltage signals by varying the current 
through the tube in response.  
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     The trick is to apply a positive bias to the driver 
stage’s grid, so that the higher valued cathode 
resistor can be used because the grid is now above 
ground potential. Alternatively, for those cases where 
idle current against the cathode resistor is too low for 
the tube we wish to use, the answer is to apply a 
negative bias to the driver stage’s grid via a 
connection to a negative power supply voltage. But 
before we can determine the correct bias voltage, we 
should examine if all these values are at all doable.  

     Conversely, If the plate swings positive more than 
728 volts, it ends up applying positive going grid 
voltage that will correct the plate’s excessive upward 
swing by increasing the 300B’s conduction.) 
    Increasing the driver tube’s conduction to 8 mA 
causes the voltage drop across Rfb to double. Now 
the 300B’s grid to see a negative going voltage that 
will prompt the 300B to lessen its conduction to 
where the plate swings up to 728 volts. This means 
that the voltage across the resistor will be at this 
point 640 volts! (Resistors have voltage limits and 
some have pronounced high-voltage distortions; thus, 
four 20k resistors in series would be a safer route 
than just using one resistor.)  
    Amazing what ±4 mA can do. Here is a thought 
experiment, what if four DACs where placed in 
parallel and their combined outputs were fed into the 
cathode of a tube that then used resistor Rfb as a 
plate resistor? This is a cascoding like topology. In 
this arrangement, the “amplifier” would consist of 
only one tube, as the 300B would be the CD’s I-to-V 
converter! If a negative power supply were used 
along with opto-isolators, the amplifier could be DC 
coupled throughout, although I would not 
recommend it for the obvious safety reasons.  

Relative 
output tube 
and driver 
tube plate 

voltage 
relationships 

within the 
partial 

feedback 
amplifier  

DC coupled I-to-V converter 

   Given the 300B’s plate voltage of 488 volts at idle,  
Rfb must find 168 volts at its other end, as 488 - 320 
= 168. This value is, in turn, the idle plate voltage of 
the driver stage. If this tube ceases to conduct 
entirely, the plate current falls too zero as does the 
voltage drop across Rfb. This creates a positive 
going grid voltage that climbs to only –8 volts 
between grid and cathode for the 300B, which 
provokes an increase in its conduction, which in turn 
pulls down its plate to 248 volts where plate swing 
and grid swing combine to equal 0 volts across Rfb, 
as the two swings meet each other. (If the plate 
swings lower than 248 volts, it ends up applying 
negative going grid voltage to its self that will 
correct the plate’s downward swing by easing up on 
its conduction.  
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    Another consideration is the idle plate voltage of 
168 volts. Several triodes fit the requirements of 
handling both 168 volts and drawing 4 mA of 
current: 5687, 5965, 6SN7, 6N1P, even the 6922, but 
I really do not want to open that can of worm right 
now. My first choice would be the 5687, as we need 
the tube’s plate to swing down as far as possible to 
compensate for the 300B’s nonlinearity. However, 
this tube requires about –9.5 volts bias, which 
requires a negative power supply that may not be 
available to correctly bias the tube. My second 
choice would be the 5965, as this tube only needs -
3.5 volts of bias at 168 volts. It also has a wide 
usable plate swing and it has a fairly high mu (45), 
which helps to increase the driver stage’s output 
impedance.  
     In fact the 3.5 volt requirement is so close to the 4 
volts that 4 mA against 1k yields, that we should 
lower the value of the cathode resistor to 875 ohms, 
as this value allows the simpler biasing scheme of 
just using one grid biasing resistor. Another 
advantage to this value is that the 5965 is functioning 
in a cathode follower like topology and no cathode 
follower ever exactly meets the goal of unity gain. In 
fact, situation here is made worse by the 300B’s low 
gain. The assumption that the driver stage is working 
into 0 ohms, is off by about 20k, as the resistor Rfb 
value dived by the 300B’s gain + 1 only reduces 
Rfb’s value to 20k. This 20k plate load effectively 
subtracts from the 5965’s transconductance. In other 
words, we do get closer to 1 mA per 1 volt of input 
signal with 875 ohms compared to a 1k cathode 
resistor. In this example, the we actually get only .6 
mA per volt, which means that the driver stage will 
need to see ±6.6 volts to drive the output stage to 7 
watts of output power. Still, ±6.6 volts is a trivial 
amount of voltage swing for the input tube deliver. 
So trivial, in fact, that a first stage can be done away 
with, if the amplifier is used with a active line stage 
that has a good amount of output swing.  
 
Distortion  
    Our goal is a clean output signal at the 
loudspeaker. How we get there is not that important. 
The best approach might be to purposely de-linearize 
the driver stage so that it can symmetrically 
compensate for the 300B’s non-linearity. To get 7 
clean watts, the 300B’s grid must see a greater 
negative voltage swing than a positive swing. In 
other words, the better tube may not be better. 

Power supply 
noise coupling 
to the output in 
an SE amplifier   

B+

output{

     How do we eliminate the noise from the output? 
The usual brute force method is to eliminate the 
power supply noise. Good luck. The other traditional 
method is to wrap a global feedback loop around the 
amplifier. Unsavory. The cleaver method is to 
superimpose the power supply noise on the plate so 
that the transformer’s primary sees no signal. This 
topic was covered in the second issue of this journal 
in an article titled “Lowering the Single Ended 
Amplifier’s Output Noise.”  
    Shown below is a hybrid approach to canceling 
power supply noise from the output. The Plate-
channel MOSFET is fed a portion of the power 
supply noise, which is dutifully relayed to the 
300B’s cathode. The advantage this topology enjoys 
over the two capacitor voltage divider is that it is 
easily adjustable should the tubes drift over time. 

PSRR Problem 
       Everything had been looking so good. One 
problem that partial feedback amplifier faces is 
noise. Paradoxically, because it comprises a feedback 
loop that strives to eliminate stray signals on its 
plate, such as power supply noise, it relays the noise 
to the speaker. Remember, in a single-ended 
amplifier, any signal across the transformer’s 
primary becomes signal across its secondary. If the 
plate mimics ground and is noise free, the power 
supply noise becomes a signal across the primary.  
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Successful design and analysis of a 
single-ended amplifier output stage 
requires an accurate model of the 
tube's plate curves. SE Amp CAD is a 
tube audio design program that has a 
library of 30 tubes and over 100 output 
transformers and SE Amp CAD knows 
how these tubes really curve in a 
singled-ended amplifier.
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Hybrid power supply noise canceling amplifier 

     For those for whom “hybrid” means nasty, a 
purer approach is to use only a capacitor to 
introduce the power supply noise to the 300B’s 
cathode. The added capacitor at the grid circuit is 
there to bootstrap the noise to the grid. The resistor 
ratio should favor the top resistor so as not to tax the 
feedback mechanism. For example, if the original 
grid bias resistor was 300k, then the top resistor 
should be around 270k and the bottom resistor, 30k. 
A .5µF capacitor is sufficient to couple to the 
cathode at 120 Hz.  
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Push-Pull Amplifiers 
    There is no reason why push-pull amplifiers cannot be used with the partial feedback technique. The 
Williamson amplifier topology makes an easy conversion to partial feedback. The driver stage in the stock 
amplifier is a differential amplifier of sorts. Breaking this compound circuit into two grounded cathode 
amplifiers assures a consistently high output impedance from this stage.  

Other Uses for Partial Feedback  
     Feedback is feedback; it can be used in preamps, 
crossovers, equalizers, line stages, and power 
amplifiers. The power amplifier readily benefits 
from the greatly lowered plate resistance, as the 
output transformer has limited amount of 
inductance, which the lower rp aids. But another 
benefit of the partial feedback topology is that it can 
be switched in or out of circuit. For example, 
problem we face in designing a phono preamp is the 
dissimilar output voltages of the MM and the MC 
cartridge. Do you design for high gain and MC use 
or lower gain and MM use? Or do you try to 
compromise and aim for some center point that 
serves neither cartridge type well?  
     One solution is a preamp that has adjustable gain. 
Here is where switching the partial feedback in and 
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out of circuit shines. If resistor Rfb is removed, we 
are left with a grounded cathode amplifier; with it in 
place, we have a plate follower of sorts with greatly 
reduced gain. 
 
Conclusion 
     This topology deserves a first and second look 
from tube fanciers. Quick and short, it bestows many 
of the benefits of a cathode follower without needing 
huge input voltage swings.   
    If you have any questions or experience with this 
topology, please drop us a line. For my own research, 
I plan on building a push-pull amplifier based on this 
circuit. The output stage will consist of 8 6BX7s; the 
input and driver stage, 12SN7s; the output 
transformers will be Dynaco MK3 outputs; the mode 
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of operation will be strict Class-A.  
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   Now that we have retraced our steps, we can move 
forward. Let's begin by examining two possible 
circuits: a simple single-ended transformer coupled 
amplifier and a White cathode follower push-pull 
amplifier optimized for PSRR.  
 
Transformer Coupled Amplifier  
    What could be simpler than a transformer coupled 
amplifier? Using an output transformer might be the 
best choice, as the transformer would provide both a 
better impedance matching between tube and 
headphone and a means of protecting the headphone 
from the damagingly high DC voltages. Finding a 
high quality low wattage output transformer is 
difficult, however. But one candidate is the single-
ended OPA.5S-5 from Antique Sounds. Its 
specifications claim a .5 watt output into either a 
100 or 32 ohm tap, a primary impedance of 5k and 
maximum idle current of 50 mA (this might be its 
peak current rating). The construction is open frame 
and it stands 2 inches tall.  I do not know of a source 
from which to buy this transformer. But if it pans 
out, the design is simple enough: either one or two 
triodes in parallel loaded by the transformer. An idle 
current of 10 mA yields a 125 mA output into the 32 
ohm tap or 71 mA into the 100 ohm tap. This 
assumes that the plate can swing far enough to 
sustain such a current delivery.  

A Confession 
     I am disappointed to say that I have not done what 
I hoped to do: actually build and test a variety of 
complete tube headphone circuits by this issue. I 
have tested just the output stages of the single-ended 
and the push-pull amplifiers. The push-pull certainly 
looks better on the scope, but no listening tests were 
performed. Alas. 
 
A Recap 
    In the last issue, we specified three design goals of 
a portable tube headphone amplifier:  
 
     1) must be small enough to fit in a backpack   
         or briefcase,  
     2) must be powered by either a wall wart    
         transformer or a 12 volt battery, and  
     3) must be robust enough to drive  
         headphones from 32 ohms to 300 ohms.  
     
     Realistically, these design criteria required our 
using either a conventional AC-to-DC power supply 
or a DC-to-DC converter. In the first example, an AC 
source that would power the heaters directly and 
drive the primary of step-up transformer, whose 
secondary would then be rectified for the B+ voltage. 
In the second example, a low voltage DC source 
from either a wall wart or batteries would be for 
direct use on the heaters and for driving a DC-to-DC 
converter for establishing the plate voltage .  
    The 72 volt DC-to-DC converters from Newport 
Components, i.e. the NMT1272SZ and the 
NMT0572SZ, were recommended. While these 
devices are relatively cheap, their output voltage 
carries a noise penalty of 1.2 volts. Fortunately, this 
noise is at 85 kHz and can be easily filtered out by 
using common-mode chokes or even simple pi 
filters. Two approaches to configuring these DC-to-
DC converters were examined:  placing the outputs 
of the two converters in series or in parallel with 
each other. The series arrangement yields a higher 
voltage that allows a push-pull totem pole output 
stage; the parallel, a higher-current power supply 
suitable for a single-ended OTL output stage. 

Transformer coupled headphone amplifier 
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   The problem of power supply noise is handled post 
filtering the voltage leaving the DC-to-DC converter 
and by using the trick of introducing a small amount 
of power supply noise at the cathode of the output 
tube so that the plate experiences the same amount 
of noise as the B+ connection.  
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     The final gain of the amplifier is found by 
dividing the winding ratio (√[Zpri / Zsec]) of the 
output transformer into the gain at the plate. 
Assuming that 5k is the reflected impedance, parallel 
6922s will have a gain of about 20, which divided by 
the winding ratio of 12.5 using the 32 ohm tap, yields 
a gain of 1.6. This seems low, but it might work well, 
as most of the sources we will use for signal would 
normally have powered the headphones directly; 
thus, we do not really need the gain. 
     If more gain is required, then a different tube is 
needed. The 5687 just draws too much heater current                                  
to be used with parallel triodes, but it might work 
with one triode per channel. The 5687, however, will 
provide even less gain than the 6922.  The 12B4 
might sound wonderful, but its even lower low mu 
makes driving it directly problematic. The problem 
with using a 12AX7 or 5751 is that these tubes have 
plate resistances much higher than the 5k primary 
impedance. And we would like to use something 
close to the classic ratio of 2rp for a load impedance. 
The 417A has both a high mu and a low rp, but 
besides from being hugely expensive, it is often 
extremely microphonic. One possible choice is the  
6AQ8. Used with parallel triodes, it gives us a gain 
of 29 with the 5k load.  
     You can readily see how using more than one 
stage greatly reduces our design limitations, but it 
does eliminate the simplicity of using just a single 
triode. For example, half of a 12AU7 cascading into 
a 12B4 would yield both a low output impedance and 
a fair amount of gain. While three tubes would look 
cool, one dual triode envelope per channel has its 
attractiveness as well. Here the cascading of a 
grounded cathode amplifier into a transformer loaded 
cathode follower might be the best choice. 

    So here is a plea to anyone who has access to this 
transformer from Antique Sounds: please send us 
some information, such as the DCR for both primary 
and secondary and where you were able to acquire 
the transformer.  
    
The White Cathode Follower  
    This variation on the cathode follower is actually a 
push-pull amplifier, as evidenced by the disparity in 
current phase through top and bottom tubes when 
driving a load impedance; thus, the pulling and 
pushing. A small valued plate resistor is used to 
sense current variations through the top triode and 
the resulting anti-phase signal is relayed to the 
bottom triode. The October 1999 issue covered in 
detail both the workings and math behind this 
topology. The punch line was that the plate resistor 
must equal the reciprocal of the Gm of the triodes 
used, if a balanced drive is to be achieved.   
    This circuit is what started it this series of articles. 
In the reply to a reader’s questions about this 
topology, I offered some possible recommendations 
or rather modifications to a circuit he submitted. 
Since then I have given the circuit a rethink.  
    I had recommended using a FET based current 
source to load the first stage to lower the PSRR at the 
output. This suggestion is not a bad one, as it does 
afford the greatest gain, which feedback could use to 
lower the output noise. But it does lack the almost 
Aikido like noise sidestepping techniques that in this 
journal. In other words, let’s get clever. 
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80vdc
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60vdc
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R
=100
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Directly cathode loaded headphone amplifier 
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    Push-pull output stages are basically difference 
amplifiers, which is why a phase splitter is needed. 
Presented with the exact same signal, the amplifier 
does not amplify. This works wonderfully to reduce 
power supply noise in a conventional transformer 
coupled push-pull amplifier, as the noise is common 
to both phases (or at least we hope it is). The problem 
with inline push-pull amplifiers is that the noise is 
not always equally imposed on the two input signals. 
This discrepancy gives rise to noise at the output. So 
in order to reduce the noise at the output of an 
optimally designed White cathode follower, we must 
ensure equal noise, equal in both amplitude and 
phase, superimposed on the signal at each grid. Yet 
we only one input, the top grid, available to us.  
     Just what is the existing noise distribution in an 
optimally designed White cathode follower? For the 
top triode, the answer is easy enough: its grid sees 
whatever is the noise present at the previous stage’s 
output. But the bottom triode sees half the B+ noise 
at its grid by necessity. This results from specifying 
that the plate resistor equal the reciprocal of the 
triode’s Gm. A +1 volt pulse applied to the B= 
voltage will be relayed to the bottom triode’s grid. 
The bottom triode will then fight this positive pulse 
by increase its connected by this +1 volt against its 
Gm, which in this case is 10 mA per volt. Thus the 
increase in conduction for both triodes is 10 mA. 
Now 20 mA (the idle plus the pulse current) through 
a 100 ohm resistor equals 2 volts. And as the resistor 
has just been pulled up one volt, the extra 1 volt 
developed is displaced by the that pulse. In other 
words, they cancel, leaving the top triode’s plate 
voltage unchanged. Wait a minute if the pulse is 
needed to cancel itself, how can it, once cancelled, 
work to cancel itself? It can’t. The best it can do is tie 
and leave half of the pulse present on the top plate 
and in turn on the bottom grid.  
    Another way of seeing the mechanism at work is 
to find the effective (not the nominal rp) impedance at 
the top triode’s plate and then figure out the voltage 
division between the plate resistor and the rest of the 
circuit. Because the coupling capacitor relays the any 
voltage variation on the top plate to the bottom grid, 
the effective Gm for the entire circuit is equal to the 
bottom triode’s Gm, 10 mA per volt. The inverse of 
the Gm equals the impedance. Thus the effective 
impedance of the top plate is 100 ohms. Since this 
100 ohms impedance finds itself in series with a 100 
ohm resistor, the voltage division is 50%.  

     So if we want to match power supply noise on 
each grid, we must give the top triode’s grid half this 
noise. In the drawing below this end is achieved by 
using two equal valued resistors for illustration 
purposes.  

100

Gm =.01

100k

100k Gm =.01

     Making the first stage perform this voltage 
division requires that the plate resistor equal the sum 
of the rp and the cathode resistor magnified by the 
mu + 1. Putting this into a formula: 
     Rk = (Ra - rp) / (mu + 1). 
Obviously, the plate resistor must exceed the rp and 
the cathode resistor must not be capacitor bypassed. 
Using the 6DJ8 as an example, a 20k plate resistor 
should find a 500 ohm cathode resistor to match.  

500

20k 100
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For more information, please visit our  
Web site or write us at: 
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PO Box 2  

Santa Cruz CA 95063 USA 

www.glass-ware.com �

     A true 32-bit Windows program, 
GlassWare Tube Manual is both user 
friendly and powerful. It's all here: plate 
curves, mu, rp, Gm, Vh, Ih, base and outline 
schematics, and essential characteristics for 
many of the tubes. Powerful search and 
filtering tools give control over this tube 
manual's large library of tubes (11,000). 
Look up your favorite tubes (6SN7, KT88, 
2A3, and 6922) and discover other great 
tubes you didn't know existed. With the aid 
of easy-to-use editing tools, tubes can be 
added or subtracted to the database. Keep 
track of your own tube collection with your 
personal tube database. Like all GlassWare 
programs, GlassWare Tube Manual allows 
you to print the results.  Hard copies of all 
the tubes in in this tube manual are a button 
click away. And tube substitutions are given 
for over 2000 tube types. 
                Windows 95 / 98 / Me / NT 

Plate Curves Datasheets User's own stock DB 

Tube Substitutions Tube Outlines Tube Basing Complex DB Filtering 

Live Curves for over 40 tubes Database editor 

1(:

Click on image to see enlargement 
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Your Volume Control  
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makes a difference.  

Arn Roatcap, Inc. 
1248 Valerian Court #4              Phone: (408) 737-3920 
Sunnyvale, CA 94086-9155      E-mail: info@goldpt.com  http://www.goldpt.com  

     The complete circuit is shown below. The idle 
current for the first stage is only 3.5 mA. While I 
usually would use more current, the aim was to limit 
current consumption to extend battery life. The 
output stage idle current is set at 10 mA, which 
implies a peak output current of 20 mA. This equals 
60 mW into a 300 ohm load and only 6.4 mW into a 
32 ohms load.  

    In other words, this push-pull amplifier is better 
suited to higher impedance headphones because of 
the current limit. How could the peak output current 
be increased? Another triode might give a higher idle 
current, but unless its rp is substantially lower that the 
6922’s, it to will run in into the Ipk = B+ / 2(Rl + rp) 
current limit. The B+ can be increased by adding 
more DC-to-DC converters, but at the cost of 

6DJ8

0vdc

output

10k

6DJ8

+71vdc

5001M

input

20k

+139vdc
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   Next time around, we will look at OTL circuits: 
Futterman type and others. We will also look into a 
different way to regulate high voltages. 

diminished battery life. Using the existing circuit 
with capacitor coupled output transformer might be a 
good idea, as even a winding ratio of 2:1 would 
double the peak current into 32 ohms. 
 
Conclusion 
    I wish there were a conclusion. But until more 
information on available output transformers comes 
our way and until further tests are preformed, no 
conclusion can be reached. One test that must be 
done is a shootout with a reality check Op-Amp 
based headphone amplifier. If the tube amplifier does 
not handily beat this $5 contender, we are wasting 
our time. By the way, always have a reality check 
handy. When comparing $400 patch cables, throw in 
a pair of $5 Radio Shack specials. When comparing 
$4000 8 watt amplifiers, throw in a Dynaco ST-35.  
    Is this a promise for yet another article on tube 
headphone amplifiers? Eventually, yes.  
                                    //JRB 

E-Mail from where? 
    The rule has been to omit last names and e-mail 
addresses unless the writer had clearly expressed for 
their inclusion. This rule will continue. However, a 
few readers have asked that all e-mails include the 
country of the sender. I like this idea and hope to see 
these inclusions. So please where are you from?  

Reality check headphone amplifier 

Subject: Circuit Help 
 
   I have been experimenting with amps to drive the 
bottom end of my system ( yes the OTL that haunts 
these pages drives the top) and have built the single 
ended tube/MOSFET as shown on  
http://digilander.iol.it/essentialaudio/hybrid.  
   I found, as with many other trial setups using 
transistors to augment tube circuitry, that the sonic 
signature of the silicon overpowers the tube and that 
any technical advantage that may be gained is 
swamped by the transistor’s artifacts. The design 
mentioned above has many features to recommend it 
and, as you mentioned last month the use of current 
mirror technology in tube circuits,  I now wonder 
about what modifications are required to convert the 
solid-state current mirror to a tube based one. 
    I have never seen a tube "current mirror" used in a 
differential tube amp but they are "state of the art" in 
transistor land and do wondrous things to linearize 
those circuits, reducing distortion and increasing 
slew capability. 

100k20k
+7.2vdc

-7.2vdc

LF351

MJE200

1.
2v
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    The other query I have is that in all the other 
reading I have done regarding tubes driving the 
capacitive gates of MOSFETs the point is always 
made about requiring a low driver impedance, to 
enable sufficient interstage bandwidth - thus not 
limiting slew rate capability. In your suggested 
single ended hybrid circuit as shown last month 
(somewhat similar in layout to the circuit 
mentioned) this does not appear to be an issue. I 
would have imagined that in this type of hybrid 
design that the lower output impedance of a SRPP 
( at the least) or cathode follower would need to be 
used. 
    Your analysis of the current mirror and the driver 
impedance issue would be a great help to my tube 
learning curve. 
   
Wayne 
 
    First off, let me thank you for the link, as I 
enjoyed exploring the circuit. Now, I don’t wish to 
appear disrespectful, but I got a few giggles when I 
visited the site, as both the advertising copy and 
circuit design held a few bloopers. But first a quick 
recap of what I saw: the amplifier is a hybrid design 
with a tube differential amplifier input stage that 
finds a transistor current mirror as an active load that 
then directly cascades into a pair of parallel P-
channel MOSFETs (IRF9540), which are loaded by 
N-channel MOSFETs (IRF540) used as a constant 
current source.  

    In other words, the amplifier runs a pure Class A, 
single-ended output stage. And here is where the 
advertising blooper enters. The power supply rail 
voltages are ±35 volts, which means if all of the rail 
voltage could be delivered into the loudspeaker (it 
can’t), the maximum power output would 76 RMS 
watts, not the 90-100 RMS watts the copy claims. Or 
if we take the maximum idle current they specify 
(4A), we end up with only 64 RMS watts. On the 
other hand, 100 RMS watts requires an idle current 
of 5A, as the idle current equals the maximum 
current that can be delivered into a load with a 
current source loaded Class A amplifier. 
Furthermore, the maximum theoretical efficiency of 
a current source load Class A amplifier is 25%. Now 
70 volts against 4 A equals 280 watts, which even if 
we could realize the maximum efficiency of the 
amplifier (we cannot), the  maximum output is 
limited to 70 watts.  
    This practice of advertising imaginative watts as 
RMS is widespread. My best guess is that 
manufacturers claim as many watts as they think the 
appearance of the amplifier suggests. This also 
seems to be the technique used by transformer 
makers. For example, if a single-ended transformer 
is rated as having an idle current limit of 100 mA 
and a reflected impedance of 3k, what is the 
maximum possible RMS power into the load? The 
math is trivial:  
    Power = (Rpri x I²) / 2. 
In this case, 15 RMS watts is the answer, not the 35 

The original 
tube/MOSFET 

hybrid amplifier 
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watts advertised. “What’s math got to do with it? Just 
look at it; it’s the same size as a ST-70 output 
transformer; therefore, it must put out the same 
wattage.” Or how about the latest inanity from the ad 
department on steroids: “Our push-pull amplifier is 
not a push-pull amplifier after all, but rather two 
single-ended amplifiers working into the same load.” 
Push-pull operation means anti-phase current 
conduction of the output devices and this amplifier’s 
output tubes do just that. Oh, if only enough 
horsewhips could be found.   
     Still, if the amplifier sounds good who cares if the 
specifications are somewhat bloated? But apparently 
this amplifier doesn’t sound as good as you would 
like.  
    Where to start? I don’t imagine that the current 
mirror, as implemented, does much good in this 
hybrid amplifier. Remember all those silly circuits 
that were designed when transistors first appeared on 
scene. The assumption was that the transistor should 
be forced into preexisting tube circuit topologies. 
What could the transistor be but some variation on 
the tube? Or at least that what many thought at the 
time. Something along similar lines is going on here. 
Do not get me wrong; I believe that the cross-
fertilization between electronic technologies has 
great practical importance and offers some excellent 
amusements. When done correctly that is. So is the 
answer to be found in using a tube current mirror 
instead? This begs the next question first: Can a 
current mirror even be made out of tubes?  

     As the cathode follower experiences some gain 
loss, the same valued resistors should not be used. 
Instead, the cathode resistor should equal the 
cathode follower’s gain against the value of resistor 
R1. This circuit only mirrors AC current variations, 
but it can be converted to DC mirroring by adding a 
zener diode whose voltage matches the grid-to-
cathode voltage. Since tubes only come in N-channel 
flavor, this current mirror cannot be used in place of 
a PNP transistor based current mirror. In other 
words, the tube based current mirror will not work in 
this circuit unless the differential amplifier is 
inverted and uses PNP transistors, as the this change 
would allow DC coupling to the tube current mirror. 
Still, I do  not think it would be worth the effort.  
    Ask your self: Why is the current mirror used in 
most transistor amplifier? This circuit solves at least 
two problems. The first is that the differential pair 
are seldom that well matched. The current mirror 
(current  matcher) forces the two to track each other, 
which helps improve DC relationships within the 
amplifier. In other words, the current mirror helps 
keeps the DC offset inline and reduces the distortion 
from the differential pair by keeping the pair 
centered. The second problem is that using a resistor 
load just limits the gain and the symmetry of the 
slewing. The current mirror loads the first transistor 
with a near infinite impedance that boasts gain, 
while providing a means of pulling up as hard as the 
transistor below can pull down. Yes, for those 
readers that have just had a flash of recognition, the 
current mirror completes the second half of a push-
pull amplifier. The amplifier is still pure Class-A, 
but push-pull nonetheless. And the great advantage 
to a Class-A push-pull amplifier is that it can deliver 
twice the idle current into a load. In this example, 
the load is the base of the following transistor and 
whatever compensation capacitance is used.  
   The question is: Do you really want a push-pull 
amplifier that does a fine job of eliminating 2nd 
harmonic distortion while retaining odd order ones 
to drive your single-ended output stage? In other 
words, is the current mirror really required? The 
single MOSFET does not have that linear of a 
transfer curve, so why bend over backwards to give 
it a linear input signal? Why not try to feed it a 
complementary non-linear input signal instead? 
Eliminating distortion by providing a 
complementary pre-distortion is effective. 

R1 Rk

I  =  I

R1

Rk

I  =  I

    Yes, it can, but I doubt that you will find it of 
much use. The circuit is simple enough: one triode 
and a few resistors and a coupling capacitor. Current 
variations through resistor R1 become voltage 
variations, which are relayed to the triode’s grid via 
the coupling capacitor. Then the cathode applies this 
same voltage variation to the cathode resistor, which 
in turn realizes a variation in current to match that 
through resistor R1.  



www.tubecad.com   Copyright © 2001 GlassWare   All Rights Reserved NEXT > < PREVIOUS 

 <<  March 2001                                   ^^ TUBE CAD JOURNAL  ^^              Volume 3  Number 2  >> 

23 Pg. 

    Thus, the first change I would make would be to 
eliminate the current mirror and replace with a single 
plate resistor and a zener diode, as shown above. 
Strictly speaking, the tube portion of the amplifier is 
no longer a differential amplifier but instead a 
common cathode amplifier, as the second triode’s 
plate voltage is locked, while the first triode’s plate 
experiences all the voltage swings. Direct coupling 
is used and the MOSFET probably only needs 1 volt 
of swing to work, which is adequately covered by 
even this small value for the plate resistor. In fact, 
the low gain the first triode yields works to keep the 
input capacitance low.  
     The punch line is that transistors have found their 
preferred practices, methods, implementations, and 
topologies; so to it is with MOSFETs and vacuum 
tubes. The original front-end would probably be 
happier with a transistor output stage, as the 
transistor’s base will load and thus reference the 
output of the differential amplifier; and this remake I 
am recommending would probably work better with 
a MOSFET output stage, as the output is referenced 
to the top power supply rail and it will not be loaded 
down by the MOSFET’s gate.  

   If you are uncomfortable with the idea of 
retrogressing in design fashion, try at least an 
experiment: keep the present current mirror, but 
short the common bases to positive rail with a large 
valued capacitor. This move will tend to revert the 
input stage to a single-ended state in AC terms. No 
matter what you decide, please send us your results.  
    Before moving on to your second question, let’s 
take an other overview of the unmodified amplifier. 
One problem spot is power supply filtering. Starting 
with the bottom MOSFET, this device is used as a 
current source which finds its voltage reference in 
the zener diode. The hope is that the MOSFET’s 
gate sees a constant voltage that tracks the negative 
power supply rail’s noise; for if it doesn’t, that noise 
will appear as a signal to be amplified. Placing the 
5.1 volt zener on the other side of the filter ruins that 
tracking. Remember the whole point of the filter is 
to decouple. The solution is simple: just short out the 
100 ohm resistor (and increase the value of the zener 
to compensate for the loss of voltage drop). Now the 
MOSFET’s source and gate synchronize.  
    Does the filtering at the top of the amplifier also 
cause problems?  
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   It will, if the conversion to a simple plate resistor 
load is made, as the top MOSFET should also see 
the same power supply noise superimposed on its 
gate as it sees on its source. Shorting out the top 100 
ohm resistor is again the answer. 

    But if you truly feel bold, you might want to 
address the real problem with this amplifier: the 
tubes need more current and more voltage: 29 volts 
and 2.5 mA is a ridiculous operating point for the 
6922. At least 70 volts and 5 mA would work much 
better. I once built a tube distortion box (fuzz box) 
for a guitarist friend of mine. The box held a 24 volt 
power supply and used 12AX7s! It distorted. One 
strange result was that different brands of 12AX7 
sounded radically different. My friend was 
overjoyed and labeled the tube boxes with the type 
of guitar sound the tube inside produced. I was 
puzzled, as tubes were new and I tested each tube 
carefully before giving them to him; besides, I had 
never heard such stark differences between these 
tubes before. Experiments were in order.    

     My phono preamp ran its 12AX7s with 250 volts 
on the plate and at a fairly high current. Rewiring the 
preamp to half the plate voltages and half the 
currents made the tube differences much more 
noticeable and made the overall sound much worse. 
An analogy might be that while most of your friends 
are law-abiding easygoing people, should all them 
be placed in a life raft with no food for a week, each 
personality would twist in its own strange way. 
Some will say that this situation reveals your friends 
true nature; but really, as the brilliant modern day 
Socrates, John Searle,  points out, this situation only 
reveals what they are like in a boat with no food for 
a week. So it is with tubes: deny them voltage and 
current and who knows what they will sound like, 
but run them up from their gooey bottom of their 
plate curves and they will function much more 
cleanly.     
     But what can you do if the power supply only 
holds 35 volts and you do not want to add an extra 
power transformer? The remaking of the power 
supply shown below gives an additional 105 volt rail 
voltage. It uses a full-wave voltage doubler (in this 
case it triples because of where it finds its ground) to 
boost the voltage up the tube’s preferred range. (It 
also provides some safety enhancement in that all 
the extra capacitors are protected from too great a 
reverse polarity voltage by the extra diodes.) 

100

100

5.1v

-34.5vdc

-29.4vdc

0vdc

-35vdc

output

100

5.1v

-34.5vdc

0vdc

-35vdc

output

Existing circuit with noise source 

Modified circuit with noise canceling 

Modified power supply with voltage tripler to power 
tube front end. 

10µF

+35vdc

117vac

50vac
CT

10µF

-35vdc

+35vdc

+105vdc

10µF

All Extra Diodes:1N4937
or faster; i.e. MUR140

0vdc



www.tubecad.com   Copyright © 2001 GlassWare   All Rights Reserved NEXT > < PREVIOUS 

 <<  March 2001                                   ^^ TUBE CAD JOURNAL  ^^              Volume 3  Number 2  >> 

25 Pg. 

   Doesn’t a higher voltage mean that the direct 
coupling must be eliminated? First of all, the safety 
enhancement garnered from using a coupling 
capacitor may easily outweigh any potential 
feedback instability or even any sonic liability the 
capacitor might bring to the circuit. As the amplifier 
is now configured, a blown fuse will probably blow 
your speakers as well. Removing the tube while the 
unit is use might do the same. Coupling capacitors 
break the DC domino effect’s path and thus are 
highly recommended. But a coupling capacitor is not 
necessarily necessary and DC coupling can be 
retained even with the higher voltages.  
    Resorting to our friend, the transistor, we can 
implement Linder’s circuit, which combines the 
differential amplifier’s two outputs into one. While 
the output of this circuit is single-ended, it is linear 
and the slewing ability we lost buy forgoing the 
push-pull arrangement is more than made up the 
sevenfold increase in idle current through this stage.  
Erno Borbely referenced this circuit in his 60 watt 
MOSFET amplifier article in the second issue of the 
1982 set of The Audio Amateur. The circuit works 
better than most transistor circuits because it tends to 
cancel out much of the transistor’s squirrellines in 
AC terms, but does require some tweaking in DC 
terms, i.e. matching and tight tolerance resistors.  

(I played with Linder’s circuit back in the 80s after 
reading Borbely; the task I wanted to accomplish 
was to build a DC hybrid line stage that sandwiched 
transistors in between triodes. The input was a 6DJ8 
based differential amplifier and the output tube was 
a triode connected EL84 used as a cathode follower. 
The project was abandoned not because of Linder 
circuit but because I had played with some zero 
feedback alternatives that provoked a major rethink 
and this hybrid had lots of feedback. Although, if 
redesigned, it might make a good article.) 
    Since the input to this circuit is at the top of the 
amplifier, the output must be taken at the bottom of 
the amplifier, which means reversing the roles 
between top and bottom MOSFETs. Something that 
might be for the good, as I believe that the IRF540 is 
slightly more linear than the IRF9540. (Actually, if 
you can source some Hitachi 2SK134s and 2SJ49 all 
the better. One caution is that these devices are only 
rated for 100 watts dissipation.) 
     Still, I am not convinced that this is best way to 
go. Something simpler and less linear might be 
better. The higher voltage and current are absolutely 
desirable and should be retained at all costs. So how 
do we implement something like the plate resistor 
loading transformation while still retaining DC 
coupling? 
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Final remake of hybrid amplifier 

    Given that you have in this amplifier the answer 
to most the big hassles of amplifier construction 
(power supply, heat sinks, and chassis), why not try 
something quite topologically different. 
    Here then is a complete remake of the amplifier. 
The circuit shown above meets all our requirements: 
it uses higher voltages and currents for the tubes and 
DC coupling throughout. The tubes get their higher 
voltage and higher current. DC coupling is retained. 
Added safety features are implemented. Yet much of 
the original circuit’s components remain in place. 
    The solid-state current source feeding the tail of 
the differential amplifier is replaced with a resistor 
and a potentiometer. Asides from subtracting active 
solid-state devices, this allows us an easy means of 
adjusting of the idle current of the bottom 
MOSFETs. And the original potentiometer at the 
cathodes has been changed to help overcome some 
of my fear of potentiometers carrying current and 
signal. In this redesign, even if the potentiometer’s 
scraper loses all contact, the output stage is safe, as 
the two added resistors continue to provide a current 
path.  
    The amplifier is still DC coupled throughout, as 
the use of the DC coupled phase splitter reflects the 
change in current flow through the triode to the 
output stage. So the output’s DC offset can 
minimized by the feedback. 

    New safety features include having the top bank 
of MOSFETs shut off, if the bottom power supply 
fuse blows. And should the top power supply fuse 
blow, the 105 volt power supply voltage will also 
collapse, thus indirectly turning off the bottom bank 
of MOSFETs. Note that the top filter capacitor is 
bypassed by a diode. This will prevent the capacitor 
from ever seeing a reversal of polarity should a fuse 
blow. Remember, as little as 1 volt of reversed 
voltage is enough to damage an electrolytic 
capacitor.  
    The problem of keeping the opposing banks of 
MOSFETs conducting the same amount of current 
while the tube heats up is solved by carefully 
choosing the value of capacitor C1. This capacitor is 
charged through a 20k resistor, which buys us a time 
delay before the top bank of MOSFETs start to 
conduct. The aim is to have both banks come online 
simultaneously and some tweaking will be required. 
    Still, an amplifier that runs such a high idle 
current makes me nervous and I would use a fault 
sensing circuit on the output that would clamp the 
output to ground should anything go wrong. And I 
would seriously look into using a coupling capacitor 
between the bottom of Lender’s circuit and the gates 
of the bottom MOSFETs, as this would allow the 
use of a DC servo that would keep the DC offset 
minimized.  
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    It seems to me foolish to forgo the use of a DC 
servo when it works best, i.e. in the output stage of a 
Class A amplifier.  
     Now to finally answer your question about how 
to best drive a MOSFET. It is often said that 
MOSFETs function more like tubes than as 
transistors. Do they? Not as much as I would like. 
One reason usually given for such a view is that the 
transistor is primarily current driven, while the 
MOSFET, like the vacuum tube, is primarily voltage 
driven. The MOSFET’s extremely high input 
impedance would seem to imply that is insensitive to 
the driving impedance. And it is at DC and low 
frequencies. But as the frequency increases, likewise 
the problems. High power MOSFETs carry the price 
of having a fairly stiff amount of capacitance. (In 
fact, the capacitance is not constant, but increases 
with the MOSFET is turned off.) In a source 
follower amplifier, the gate-to-drain capacitance is 
the most worrisome, as the source’s following hauls 
the gate-to-source capacitance with it (bootstrapping 
of sorts). In the grounded source amplifier, the gate-
to-source capacitance is fully realized, but as the 
gate sees only small voltage swings, this capacitance 
is not to taxing, but the gate-to-drain capacitance 
becomes Miller Effect amplified, which is taxing.     
So is a low output impedance all that is needed to 
overcome the MOSFET’s high input capacitance?  
     No. Or rather, in itself it is not enough. For 
example, a 12AX7 based cathode follower has an 
output of about 600 ohms, yet it cannot drive more 
than a trivial amount of capacitance. Capacitance 
must be charged and charging requires current. Here 
is a thought experiment: carry a high voltage oil 
capacitor by holding one terminal in your hand as 
you scuff your leather soles across the nylon carpet. 
Now touch the door knob with the other capacitor 
terminal. Have you captured the full thousands of 
volts your scuffing generated in the capacitor? No, 
only a few millivolts. (If you had retained the full 
voltage potential, we would not have an energy 
crises in California today.) Scuffing your feet just 
does not generate that much current. So just how 
much current is needed to drive the MOSFET to full 
power? Slew rate times capacitance equals current:  
        I = SrC.   
Slew rate can be found from: 
       Sr = 2piFVpk / 1,000,000, 
where F equals the highest frequency you wish to 
reproduce and Vpk is the highest peak voltage 

swing. For example, 30 volts peak at 30 kHz 
requires a slew rate of 5.65 volts per microsecond. 
This slew rate against, let’s say, 1200 pF equals 7.5 
mA. Just to be safe, doubling this amount would not 
hurt. What is the total input capacitance of the 
MOSFET output stage this amplifier uses? There 
actually three poles to the MOSFET grounded-
source amplifier and the output stage should be 
evaluated in a high-end SPICE program. But a guess 
would be that effectively there might be as much as 
4000 pF of capacitance, which must be driven to 
maybe ±2 volt peaks that would require only 1.5 mA 
of current. Using a fudge factor of ten to one, 15 mA 
would be a good idle current of the driving stage, as 
I am sure that something closer to 5 mA would be 
the true minimum.  
 
Subject: Valve Microphonics 
 
I've some old Philips technical notes from the 50's / 
60's. Anyway, there was some detailed and 
interesting stuff regarding valve microphonics which 
might make for a useful article in this Journal. I've 
posted a kind of summary on my web site :- 
http://freespace.virgin.net/jonathan.evans6/ 
 
TTFN, 
   Jon 
 
Birmingham, England. 
 
   Thank you for the information. Jon has an 
excellent web-site and I recommend that every 
reader check it out.  
 
Subject: Congratulations 
 
I am an avid reader, although a comparative newbie 
to tubes. Your Platinum Brain award is richly 
deserved.  I am amazed at the quality and quantity of 
great articles you publish in your journal.  And at a 
great price.  Keep up the great work. 
 
Steve 
 
    Steve, thanks and thanks for the perfect sized E-
mail to round out this page. 
 
                                  Editor  
                               California 
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Our Purpose 
    The Tube CAD Journal is a monthly online magazine 
devoted to tube audio circuit design. Each month we will 
present some fresh looks at some old tube circuits and 
some altogether fresh tube circuits as well (yes, new tube 
circuits are possible). Circuits and more circuits. While 
we plan on covering complex tube circuits, like phono 
preamps or power amplifiers, our focus will be primarily 
on elemental circuits. Elemental circuits are the primary 
topologies, or part configurations, arrangements that can 
stand on their own as recognizable functional circuits 
although they may be part of a larger circuit. A power 
amplifier circuit, such as the famous Williamson, 
comprises several sub-circuits: the Grounded Cathode 
amplifier, the Split-Load phase splitter, the Differential 
amplifier and finally a push-pull output stage. Just as we 
must understand how a resistor or a capacitor functions in 
a simple circuit, we must understand the function and 
logic of these elemental circuits before we can 
understand more complex compound circuits. 
 
Why a Webzine? 
   The original intent was to print a conventional 
magazine. We knew there was a need. A query on our 
Tube CAD registration cards that a magazine devoted to 
tube circuit design drew an overwhelmingly loud “YES.” 
Still, we knew the difficulty and impracticality of starting 
yet another underground tube audio magazine.  
    The Web offers the publisher some great advantages 
over the traditional approach: worldwide distribution, 
free subscriptions, no paper (for those who must own a 
paper version, the size of the journal has been left small 
enough to be printed on A4 or 8.5" by 11" three-hole 
punched paper for compilation in a three-ring binder), 
live forums, no Post Office, color, motion, a glossary.   
    Schematics can now evolve, as the web allows for the 
easy display of animated GIF’s, which display color and 
motion. Schematics can now show more than just part 
connections, they can reveal voltage potentials, current 
flow directions, and possibly, relative  impedances.   
    Math errors and typos will not live indefinitely on a 
paper page; once spotted, the Web page can be corrected 
quickly.   
    We look forward to your letters, suggestions and 
contributions.     
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   GlassWare, creators of Audio Design Software    
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Mailing Address 
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Letters to the Editor 
   The Tube CAD Journal welcomes letters from its 
   readers. Please share your views, opinions, design  
   ideas, and critiques with us. Letters should be brief and  
   accompanied by your name, e-mail address (please  
   indicate if we can publish your e-mail address), city and     
   country. All letters become the property of Tube  
   CAD Journal and will be edited for length and clarity.   
   Please send letters to the POB or our e-mail address. 
 
Article Submission 
  A self addressed, stamped envelope must accompany  
  all mailed editorial submissions. We are not responsible   
   for unsolicited materials. 
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   Please contact us if you are interested in placing an ad 
   in the Tube CAD Journal.   
 
Printing 
 
  While no portion of Tube CAD Journal can be  
   reproduced for profit without the written permission of  
   the publisher, we encourage the reader to print a  
   copy of  each Web page for easier reading and personal 
   archiving. First, click “File” and then “Page Setup”  
   on your browser menu bar and set the left page margin  
   to ½ inch.   
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