John Kelley Brown   @
1/4/2003 8:17 AM

The last word on Long Tail Pair Phase Inverter thread.

Ok, I've been playing a lot with the long-tail phase inverter in my Transatlantic amp, you know, basically a tweaked out plexi with a Fender channel dangling along. Never one to leave good enough alone for long I'm trying to see if a I can wring out a few more drops of tone.

 

So, having read Randall Aiken's article on this circuit as well as Kevin O'Connors TUT information, I'm hoping you guys can shed more light on this. Normally I take the experimental approach and if I have a question, I'll just set up an experiment in my amp with some sort of tweaking circuit. But sometimes it's nice to get some hard science, as well as the results of tweakings of other amp geeks. Maybe I can get some "why" as to the results of my extended geekery.

 

Let's just refer to the reference designators Aiken uses in his article because it's a reference we all have access to. Where:

 

RG1 and RG2 are the grid resistors, usually 1M but I've seen as low as 470k.

 

RK is the cathode resistor; in a plexi 470 ohms but I've seen values up to 1.2k
 

RTAIL is the long tail resistor, in a plexi 10k, but this I've seen all over the place up to 68k.

 

RP1 and RP2, typically 82k and 100k respectively, are the load resistors.

 

CIN1 and CIN2 are the input coupling caps.
 

 

Now, I've been playing with the values RP1, RP2, RK and RTAIL but haven't yet started tackling the grid resistors RG1 and RG2.

 

First lets go over what I've found screwing with these and I'd like to know who concurs, disagrees and what ever experience you guy have, plus from the gurus, why these things happen.

 

RK
This one is very subtle, at first I couldn't hear it, I would raise the value, with the volt meter on the plate, notice that the voltage went up noticeably but not hear a difference it tone, at first, but it was subtle dynamics I should have been listening for, after letting my ears rest I came back to it and noticed that the tone got more percussive as I raised the value, raising the values of the load resistors RP1 and RP2 concurrently with RK enhanced this percussive quality as well as the voltage on the plates. This didn't surprise me as I experienced this in earlier gain stages. At this point I have RP1 at 95k, RP2 at 110k and RK at 1.47k, I had to stop at 1.47k on R​K because the 1k pot I had in series with the 470 ohm stock value as maxed, next I'm putting in the ability to raise this value up to 2.2k to see what happens.
The first question is, do you guys hear these same things when raising these values?

The second question is: regarding the design integrity of this circuit, at what point am I getting outside the design criteria? Not that that matters all that much being that this in a MI amp not an audiophile amp, if it sounds better, that's that, but still it would be nice to know.

 

RTAIL
I've messed with this value and must say the effect is much more apparent than changing RK. It seems to be very relative to the kind of power tubes the amp is running, amps with EL34's rarely run this value over 10k while amps running EL84's rarely have this value below 22k. What I noticed was that as the value was increased the amp became more articulate, normally I love this, I'm addicted to articulation in an amp, but in this case with articulation came sterility, the anger in the tone that's trademark to plexi's started to go away as well as that illusive quality some refer to as "swirl", (if I interpret the adjective correctly). It's my opinion that EL34 amps tend to be quite articulate and apparently don't need this resistor value to be high. It's also my opinion that EL84 amps tend to be a bit less articulate and tend to get flubby and spongy, this may be why this value is generally over 22k, often up to 47k, could it be it's to compensate, lending some articulation to an amp with these tubes? What experiences and opinions do you guys have on this resistor? What are the technical reasons for the stiffening of the tone with higher values here?

 

RG1 and RG2
I haven't even gotten to these guys yet. I've seen values here as low as 470K, (I think that was in a Vox Lead 120), and values of 1M is the most standard, but why not 1.5M other than that that value is less common? Is there anything to be gained or lost by raising or lowering these values?

 

CIN1 and CIN2
I've played a lot with these values and settled with the standard .022 on the preamp input side in a plexi circuit, lower than that and some warmth and fullness was missing, with a Fender preamp, this can be reduced drastically and though some fullness is lost, there's a certain chime and spank that takes place with values as low as .0047uF, for Cin2 the standard .1 seems to be the sweet spot, lower and punch goes, higher and flub comes.

 

Conclusion:

Now I know some of you guys will probably say I need to master my understanding of load lines before I tear into doing all this mucking with the phase inverter, and to a certain extent you would be right, but I think there is also something to be said for the experimental approach of try and see, there are certain things only the ear can tell you. But this is a circuit and has to function like a circuit, I would like a good idea of when I'm breaking the rules and why it sounds good when/if I break the rules. In the end it's got to sound good. By the way, I gotta thank Heiko Frost for helping me operate the makeshift knobs and switches and a second pair of ears while I'm throwing minor seven chords and what not into the input jack.

So, please join in with opinions, especially ones that disagree with mine, including the whys and wherefores, and what should I be looking forward to when I get into tweaking the grid resistors RG1 and RG2?

 

Kelley
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Steve A.   @
1/4/2003 10:01 AM
Re: The last word on Long Tail Phase Inverter thread.

Kelley:

 

    Thanks for sharing your observations! To heck with the science... just bring out the chicks and the beer! 

 

    BTW I read somewhere about certain ratios for RP and RTAIL, and how they relate to the value used for your NFB resistor.

 

    Your observations about RTAIL pertaining to EL34's and EL84's seem to be right on the money, and would explain why the AC-30 uses something like a 47k while a Plexi might use a 10k.

 

    I've saved your post as "ltp_kelley.txt" and would like to upload it to my site if that's okay with you (I can obscure your email address if you like).

 

--Thanks!

 

Steve Ahola
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John Kelley Brown   @
1/4/2003 11:14 AM
Re: The last word on Long Tail Phase Inverter thread.

Steve,

Be my guest to upload it to your site, but hopefully there will be more to add if we get some good replies to this thread. After all, with a title like "The last word" maybe it could generate an information storm about phase inverters. It seems like the PI is the last thing everyone thinks about, there's usually a lot of fuss about the preamp and getting just the right sag on the power tubes, fuss over the difference between PIO aluminum vs. PIO copper, then paste in any old long phase inverter. I figure, the very least we tone fanatics can do is know why we settle for the same ol’ PI every time we put an amp together, and just maybe we will think differently next time we fuss over a new amp creation. So let’s turn over this rock and see if there's any life under it!

Kelley
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Dave H.   @
1/4/2003 5:27 PM
Re: The last word on Long Tail Phase Inverter thread.

Your observations about RTAIL pertaining to EL34's and EL84's seem to be right on the money, and would explain why the AC-30 uses something like a 47k while a Plexi might use a 10k.
 

I prefer chicks and beer too but those values were most likely chosen for boring old engineering reasons not tone.

 

Marshall started off with the 5F6-A circuit which has 6L6s. 6L6s need a lot of grid drive voltage compared to EL84s. The low value tail resistor uses up less voltage so there is more output swing available from the PI but the “short” tail makes a poor constant current sink and the PI outputs are unbalanced. That was corrected by changing one plate load to 82k. Vox couldn’t do that because they use the other PI grid as a second input. The 82k plate load makes the balance even worse than 100k when the input is into the other grid. The solution is to make the tail longer (47k). It now looks like a better constant current sink and the PI balance is good for both inputs with equal 100k plate resistors. There’s less output swing but it doesn’t matter because cathode biased EL84s only need 15V compared to 50V+ for fixed biased 6L6s.

 

Dave
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John Kelley Brown   @
1/4/2003 8:09 PM
Re: The last word on Long Tail Phase Inverter thread.

Dave,

Do you mean that the higher value 47K RTAIL in the Vox was to do away with the need for 82K/100K so that with 100K/100K the PI could take inputs from both sides? So it's just a different way of balancing the push-pull sides?

Kelley
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Dave H.   @
1/5/2003 5:37 PM
Re: The last word on Long Tail Phase Inverter thread.

Do you mean that the higher value 47K Rtail in the Vox was to do away with the need for 82K/100K so that with 100K/100K the PI could take inputs from both sides?
 

Yes, only the input on the 82k side gives a balanced output but that really unbalances the other input because it would need the 82k and 100k reversed to balance it.

 

Dave
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Chris ( CMW amps )   @
1/4/2003 2:08 PM
Re: The last word on Long Tail Phase Inverter thread.

Hi John

 

I fully agree with you regarding the importance of a good designed/tweaked LTPI circuit in any amp.

 

RK
 

The effect of upping the value is bigger in non neg. feedback amps, it will lower the gain. The effect is very hard to hear in a neg. feedback amp because the nfb loop settles the gain.

 

Regarding the other parts: same results over here to my ears, happy/healthy New Year!

 

Chris
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Bruce /Mission Amps   @
1/4/2003 4:49 PM
Re: The last word on Long Tail Phase Inverter thread.

I pretty much agree with most of what you've found.

To me, unless the rest of the amp is greatly tamed down, the CIN1 sounds best in Fender amps at no more then .0047uF with .0022uF being a good sound too. A cathode driven tone stack seems to like to drive a larger .022uF cap into the PI/driver.

The CIN2 is not an "input" cap but I think most of us understood which cap you meant anyhow.

That's a grounded grid triode section and for me a .01uf to .022uF is a bit too thin/shrill sounding.

A .047uF is better, but the standard .1uF is the best compromise to my ears with very flat frequency response.

EL84s sound good to me with the tail resistor at around 39K ohms and the cathode biasing resistor for the two triodes at around 1k2 to 1k5 ohms...(better balance and not so much PI driver power).

El34s with a cathode driven tone stack... you hit it. 

Fender amps with 6V6s and 6L6s and non-cathode driven tone stacks, sound better and warmer with a 470 to 680 ohms cathode biasing resistor and 22K ohms to 39K ohms still sounds good on the tail.

IMHO, the sterility you mention when increasing the RTAIL, is more from the NFB applied to the LTP. Loosen up the NFB, increase the coupling to the power tube grids a wee bit and reduce the prior preamp stages output and you'll hear a totally different amp.

 

As far as the 1M grid loads on the PI/driver... that actual impedance is so much higher then 1M anyhow that a 470K is still OK.

 

Bruce
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John Kelley Brown   @
1/4/2003 8:03 PM
Re: The last word on Long Tail Phase Inverter thread.

IMHO, the sterility you mention when increasing the RTAIL, is more from the NFB applied to the LTP. Loosen up the NFB, increase the coupling to the power tube grids a wee bit and reduce the prior preamp stages output and you'll hear a totally different amp.
Bruce, thanks, that didn't even occur to me and I'm always looking for relationships and interdependencies with component value change. But it makes perfect sense; I'll play with the RTAIL value together with the value of the NFB resistor.

 

on RK
You know, while I was tweaking that value I was plugged into only the plexi channel the whole time, I need to give it some serious consideration with regard to the Fender channel. I don't want to sacrifice either channel's tone for the other.

 

Kelley
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PaulC   @
1/5/2003 12:10 AM
Re: The last word on Long Tail Phase Inverter thread.

What I've found is sort of like what you've said, but there's some other things going on I've noticed when looking at a scope. For the most part it has to do with the symmetry of the inverter clipping for each side, and the effects of that when pushing the power tubes. 

 

With the vox-ish values the inverter will clip much sooner than with the Marshal values of RK/RT. That's why that style will crunch more even though there's a resistive divider dumping half the signal before it that the plexi style doesn't have. The output is also reduced increasing the amount of PI distortion before the pwr tubes clamp down on it. With EL34's you'd get a more distorted drive signal, but less of it. With the EL84's they'd clamp down much sooner. But if you see the wave form you'll notice a more symmetrical clipping from the PI on each side with the larger resistor values. So you don't have the large "clean" negative swing pushing down the bias. Both sides of the signal will be clipped close together. The two opposite DC voltage components of the clipping will somewhat cancel each other out. This will reduce the voltage build up on the coupling caps. Bias shift is less because of this - which also means less x-over distortion and blocking. 

 

This is also what I think is going on with the input cap value of the inverter. BkF and 5F6A have output stages with the same tubes and voltages, but you'll notice the BkF having more x-over when slammed. The 5F6A has a hotter driver, so you'd think it would be the opposite. But that little bit of preamp clip will counteract the clamping voltage build up on the input of the inverter - you can use a larger cap without the blocking problems. It'll reduce bias shift in the inverter, and also help make the signal have a more symmetrical clip going to the pwr tubes. 

 

That's why - I'm guessing - a 5F6A design can be hit with more low end when crankin than a AB763 type amp. But this is all just a hunch... PaulC
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John Kelley Brown   @
1/6/2003 8:06 AM
Re: The last word on Long Tail Phase Inverter thread.

Paul,

 

You are referring to the values of RK and RTAILl as raising or lowering their values together. What are you seeing if you separate them to see what the effects of raising or lowering the values of either irregardless of the other. I'm finding that I like the tone of raising the value of Rk, but don't much like what raising the value of raising RTAIL more than 12K in the plexi/EL34 amp circuit. 

 

Also, what are you finding with altering the values of the grid resistors? Why with rare exceptions do you always see 1 meg? What happens when raising this value to 1.2 or 1.5 meg, or lower it to 820K, 680K or 480K. I had a Vox 125 Lead that had 470K grid resistors and 47K/56K plate load resistors, why?

 

Kelley
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PaulC   @
1/8/2003 1:09 AM
Re: The last word on Long Tail Phase Inverter thread.

I've seen the grid resistors all the way down to 150k, and even a few that had different values. I can't remember the amp (a boogie?) but I recall seeing one somewhere that had 150k & 100k. As far as I can tell it's mostly about the loading of the circuit into the inverter. I dinked with a dual showman I was working on today, and when I changed the two 1Ms to 330k I lost about 5 volts on the input. But there is bootstrapping going here, and with feedback the imp looks about 4x the resistor value to that input cap. Randall has all the math for that on his site. I'd guess I'd look at it by how hard I want to clip the inverter. If I wanted to slam it hard I might want lower values incase there's a chance of blocking building up. the lower values might help the inverter recover better.

 

In something like a plexi the CF stage wouldn't be loaded down by low inverter resistors, but they could dink with the tone controls.

 

One thing I don't get is the grid voltage and the reference to the cathode. With the 1M resistors the grid voltage was around 60v with about 100v at the tail. With the 330k resistors the grids were in the 80's, but the tail stayed the same. The part I don't get is the drop across the cathode resistor stayed the same. The inverter seemed to be at the same OP even though the grids were different by almost 30 volts. Maybe some can clear this up? 

 

As for RK and RTAIL I have played around with those one at a time. And like you said - the smaller the tail the inverter had more headroom plus a larger output. The cathode resistor is very hard for me to hear, but the tail is pretty obvious.
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John Kelley Brown   @
1/8/2003 1:36 AM
Re: The last word on Long Tail Phase Inverter thread.

Paul,

Thanks for the further analysis of this stuff.

The cathode resistor is very hard for me to hear, but the tail is pretty obvious.
I didn't hear anything at first either, I was listening for a tonal difference, then a gain difference, nothing, but after a while I noticed a slight increase in, for lack of a better word, percussiveness, and even then that was not apparent until I went from the stock value of 470 ohms to 1.47K, listen for that quality and see if you hear it. It's a pleasant percussiveness, not the kind that's due to too much filtering that makes things get sterile.

Kelley
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Gregg   
1/5/2003 8:37 PM
Lower plate voltage

Hi,

 

How will a lower voltage /200-300V/ affect the sound?
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John Kelley Brown   @
1/5/2003 9:50 PM
Re: Lower plate voltage

Well that's right in the range I'm working in with my amp and very common in most amps if you are talking about the plates of the PI, so I wouldn't considering going below 300v as lowering the voltage. In your other thread you mention you are referring to things to do to your Mesa DR, I'm not familiar with the voltages running in that amp but I'd be surprised if they are much more than 300v.

 

In your other thread you mention that from this thread you got the impression that raising the RTAIL value would bring on more distortion, but I think the consensus here is the opposite, from what I'm getting from this thread, from my own experimenting and from the responses so far is that raising this value cleans things up but in a sterile way unless NFB is adjusted to possibly compensate, but that mainly this value is higher in amps designed to have input into both sides of the PI, like where a Vox has 2 channels each input from either side of the PI where the plate resistor values need to be the same, that the higher RTAIL value is to balance this effect out.

 

Later today I'll be experimenting with adjusting the RTAIL value in relation with the NFB resistor value, and post my results here.

 

Kelley
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John Kelley Brown   @
1/13/2003 8:47 AM
Re: Lower plate voltage

RTAIL
Well today I played around with these values some more. As I said at the start of the thread, raising the value of this resistor cleaned the tone up but unfortunately made it sound dead and constipated. Regarding the value of RTAIL in relation with the NFB, it does sound better to compensate for the higher RTAIL value by giving less negative feedback, but then you get that typical thick tone that's not appropriate for this amp, so I decided to bring it back down to almost as low as I had RTAIL when I started.

 

The grid resistors.

Jeeeze. Can someone honestly tell me they hear something here? Here's where I embarrass myself with something probably everybody can hear, but I have to give up because I'm just not getting it. I have it set up so I can select between 680K, 820K, 1M, and 1.2M, I wasn't hearing the difference. Now, sometimes I don't hear the difference with something subtle but eventually learn that I was listening for the wrong thing, then it slowly becomes more apparent, like the PI cathode resistor value. So I listen closer, then I listen even closer, then I give a determined listen even closer yet still, I listen so hard my eyes cross, sweat is running down my face and all I can see is that forsaken rotary switch for changing these damn values! Ok, back off, relax, that's it, repeat the mantra, "you are a tone god, you can hear all, you are a tone god, you can hear all...". Then I calmly turn the volume knob on the Strat off, move it to the other side of the room, crank the amp up as Nigel taught us so there's enough white noise, then go to that damn rotary switch and listen the way I would if I were a tone god and could hear all. Oh I'm hearing the white noise alright, and the sound of a rotary switch going through it's rotation, BUT NO FRIGGING CHANGE IN TONE WHATSOEVER!!! Lotta good that mantra did me! So you guys who can hear the difference, can you really hear the difference, even in a double blind test would you hear the difference? This isn't even a blind test, I'm looking at the matriarchal forenacatin' switch move and I'm hearing the imperfections in the switch as it goes through it's rotatin' hitting all the four positions, but the amp tone just doesn't change! Ok, if I can't hear it, and it's my amp, who cares, I'll divine one of the four choices by pulling a number out of a box. And it's not like it's dependant on the other values in the PI, I went through this agonizing process in association with varying the values of all the other resistors in the circuit.

 

RK
Ahh, the cathode resistor. Keep in mind that the Transatlantic is a 2 channel amp, one an altered plexi, the other an altered Fender blonde normal channel. If this was a one channel amp the choice would be easy, but what works for the plexi channel turned out not to work for the fender channel. My range of values was from 470 ohms to 2.2K.

The plexi channel with the lower values sounded great, naturally, that's the way plexi Marshalls have always been, it works. With the lower values the tone has a certain raw and less controlled nature, feedback at loud volumes is more likely but unpredictable and the notes have a nice blending or very slight smearing together thing. With the higher values the tone is more controlled, but in a good way, not in a sterile way at all. Things are more distinct, no smearing, less blending and definitely more percussive. Up as high as 2.2K too much blending was removed, so I felt the sweet spot was between 1.2K and 1.8K, I like things on the percussive side so I would have gone for 1.8K. That is, if this was just a plexi preamp.

The Fender preamp, holy moely, with the value set high it just jumped, spanked, and reacted to everything you gave to the strings, cool, but you know what? It didn't sing! In fact, and I remember someone earlier in this thread said it, and I'm here to say, dude, that's right on, 470 ohms is sweet for a Fender, Fender's already have enough spank, it's not good to take away the singing quality, it's sort of a "give" that the lower value offers the tone, the higher value removes that "give".

So, even though I prefer the 1.8K value here for the plexi side, and even though I play through the plexi side 70% of the time, it took too much away from the fender channel's tone, and besides, the plexi sounds just friggin fantastic anyway with the lower value. So I'll be going back down in value, not as low as stock but close.

 

RP, the plate load resistors. I have these selectable for the following combinations of values, 47k/56k, 68k/82k, 82k/100k, 91k/110k, 100k/120k, and 120k/150k. I'm sure it wouldn't surprise you that the first thing you notice between the lower values and the higher values is that it goes from quieter to louder, and it's very noticeable. The other thing I noticed is the lowest values made the tone sort of constricted, even constipated, almost like the thing with the higher Rtail value but not as bad. The higher values brought nice jump to the tone and made it crisper. I liked values higher than the standard 82k/100k, but going to 120k/150k was not necessary, it only made it louder with nothing more to add. My preference was 91k/110k, but because 110k is not common I think I'll go with 100k/120k.

 

 

So there you have it. I'm perplexed about the grid resistor thing, maybe it's more noticeable in an amp with a different topology like Vox, I don't know. You are all probably going to ask me if I had forgot to remove the wax from my ears, that it's just plain as day.

Anyway, now I want to hear more from your experiences with messing with these values, if you haven't done it, do it and get back to us with your results.

 

Kelley
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Dave H.   @
1/13/2003 12:08 PM
Re: Lower plate voltage

I'm perplexed about the grid resistor thing, maybe it's more noticable in an amp with a different topology like Vox, I don't know. You are all probably going to ask me if I had forgot to remove the wax from my ears
 

No wax removal is required.  You could probably short the grid resistor on the non-input side. It’s shorted out to AC by the 0.1u cap anyway. On the input side the grid resistor is bootstrapped which makes the input impedance a lot higher than the resistor value. With 680k the real input impedance is probably more like 2M which is still too high to make an audible difference.

 

Dave
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Dai Hirokawa   @
1/13/2003 12:53 PM
Re: Lower plate voltage

I've played with some of the values in the PI here and there, and I think my basic conclusion was to stick to the stock values. The most recent experiment with the PI was putting a fixed R + small trim pot in place of the 470 and 10k, and as I recall, I don't think I could tell much difference w/changing the 470 ohm (I think it was a 330 ohm fixed and 1k pot?), and with that 10k, higher values seemed weak sounding. Making the 100k plate R bit higher/lower sounded like it affected the harmonics. Cripes, I still don't understand how that PI works exactly though. Need to sit down and figure it out.

 

Dai
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John Kelley Brown   @
1/14/2003 6:06 AM
Re: Lower plate voltage

Making the 100k plate R bit higher/lower sounded like it affected the harmonics.
Yeah, that's it, with the higher value there was a crispness with enhanced harmonics, is that what you are referring to?

Kelley
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John Kelley Brown   @
1/13/2003 4:54 PM
Re: Lower plate voltage

Dave,

Thanks for the reply. So the fact that both grid resistors are always the same value is probably just for BOM flattening and not because it effects tone. I guess you could put in a 470K on one side and a 1.5M on the other. Would you agree? Unfortunately my switch was such that both values changes together, but I'm sure I wouldn't have heard a difference, just wondering though.

Kelley
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Dave H.   @
1/13/2003 5:15 PM
Re: Lower plate voltage

I guess you could put in a 470K on one side and a 1.5meg on the other. Would you agree?
 

Yes, you could do that but I was wrong when I said the un-driven side could be shorted. I was thinking of op-amp circuits.

 

Dave
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MBSetzer   @
1/13/2003 5:21 PM
Re: Lower plate voltage

I agree with Dave about the grid resistors.

 

You don't really hear much difference until you start to drop the ohms below *where it makes a difference*.

 

Unless your ohms are low enough to allow a significant amount of your signal to go through the resistor to ground, (this can depend on the plate impedance of the preceding tube, a 12AX7 behaves much differently in this respect than a 12AU7 for instance) there is not much difference until you raise the ohms beyond the 2 or 3M (maybe more, sometimes less than 1M) which can be enough to make the amp miserably unstable.

 

On the rotary switch try 1M, 470k, 330k, 220k, 100k and see what you can hear.

 

Using the same value coupling cap to precede this grid load resistor, theoretically you will have a reduction in bass as you lower the ohms, this could be compensated for by increasing the uF of the cap as you lower the ohms of the grid load. That should help to even the playing field, making it more difficult to tell the difference, you wouldn't want it to be easy to hear for the wrong reasons would you 

 

Also, series resistance comes into the equation too, not that I'm going to post a version of the equation, I think better than a purely mathematical treatment would be to use artificial intelligence to simultaneously solve the variables involved in selecting the previous tube & its operating points, coupling cap value, series resistance if used, grid load, etc.

 

I'm not really equipped for that so I just do it the natural way myself too.

 

Mike
