
The Annotated ‘Perfect Phase’


[The following is an extract from an article by Haden Boardman published in Hifi World, April 2013 concerning a Leak Stereo 20 modification he entitles “Perfect Phase”. This is not the first appearance. Footnotes are mine. EJP]

Although there are quite a lot of Leak Stereo 20s and TL12+ amplifiers out there, it has to be said the stock circuit, and therefore stock sound is frankly, well, a bit rubbish.

… based on the original TL12 Point One circuit, there is too much gain with the ECC81 and ECC83 equipped models.

Additionally, a popular idea used on all circuits was to unbalance the phase splitter‘s direct current biasing to try and balance the a.c. or audio signal.
 This was done by the use of uneven anode load resistors. In my opinion, this just creates an audio mess.
 The lower gain ECC32 valve makes less of a mess and is one reason I think the earlier amp sounds best.

 On stereo models half on an ECC83 valve is used as drive to obtain around 60x gain, on the ‘plus’ models the EF86 delivers 180x gain., while the ECC81 on the plus models, less at around 80x.
 This amount of gain sacrifices several things. Bandwidth, phase splitter balance, the ability to fully ‘drive’ and control the output valve’s input grid.
 So the ‘cure’ for the Leaks is to replace the phase splitter with one that operates low distortion, is linear, ultra wide bandwidth, and can supply a bit of current.

The obvious answer is to use the lower gain ECC82 double triode in this spot. As such high gain is not needed it makes sense to balance the thing properly, and the modified circuit is shown here.
 It is very simple and based on pre-WWII ‘Shultz’ circuit,
 100k Ohm anode load resistors (matched), a joint 22k Ohm cathode resistor, and the grid of the second half of the triode treated in the same way as the first; connected to ground via a 1M Ohm resistor, bypassed by a 0.1uF capacitor.

The anodes of the ECC82 are connected to the grids of the output valves via 0.22uF capacitors. Do not be tempted to fit larger capacitors here, they will compromise the sound.
 Measured bandwidth (in isolation) reached several Megahertz!
 Gain is reduced, and a massive leap in sound quality can be heard.
 As gain drops, so does background hiss and hum; signal to noise ratio is improved as a positive side effect. 
 The modification is easy to implement on the Leak board, and of course is easy to reverse.

There is nothing wrong in triode connecting the EF86 pentode on a TL12+, but finding nice quiet EF96s these days is proving hard. The use of half an ECC83 is easier, but finding nice quiet EF86s these days is proving hard. The use of half an ECC83 is easier, using a similar circuit to the Stereo 20. TL25+ uses a similar sized output transformer to a TL12+.
 …
… The Heathkit Amplifier

Article was published in Hi Fi World July 2012 edition 

… a mod I have been doing on the Leak STEREO 20 and TLI2+ for the past twenty years …

This simple mod restores treble and lower bass, reduces gain and noise, and makes these little amplifiers very serious.

� The same author had previously written in the March 1998 edition of the same magazine: (1) “In standard, untouched form, the í20 [meaning Stereo 20] is very sweet. The midrange is quite lucid while bass and treble are a little rolled off, but then that's all part of the 'vintage' experience. More to its credit is the way the amp reveals those little instrumental and vocal details that make all the difference. In comparison to a new, modern amp of about £500 though, the Stereo 20 is amazing.” (2) “The quality of the passive components in the Stereo 20 wasn't great but they do sound nice.”. (3) “But the main thing is the great sound of the Stereo 20.”


� Unquantified, and it is not stated whether he means open-loop or closed-loop gain.


� This is not just a ‘popular’ idea, it is a correct idea, used also by Mullard in the 5/20, and by all other users of the long-tailed pair phase splitter known to me. Here and passim the author betrays no understanding whatsoever of the LTP phase splitter. He seems unaware that the two halves of the stage operate in different modes, with correspondingly different gains; that the second half only receives 0.9 of the signal into the first half, which drives the second half as a cathode follower; and that for both these reasons  the stages require different anode loads in order to balance the output signals: and this has little or nothing to do with the ‘direct current biasing’.


� This opinion is unquantified and unsubstantiated, and has no ascertainable meaning.


� This is another unquantified, unsubstantiated, meaningless claim.


� The TL/12, if that is the ‘earlier model’ referred to, uses an EF86 input valve and an ECC33 phase splitter. No doubt ‘ECC32’ is a misprint.


� This totally confused sentence refers to (i) the EF86 and half an ECC83 as input valves and (ii) the ECC81/83 as phase splitters. The correct gain figures are more like ECC*1=70, ECC83=100, EF86=255 when used as as input values, and half that as phase splitters, another fact about LTP phase splitters of which the author appears unaware.


� False, falae, and false. Higher closed-loop gain does not imply lower bandwidth. No explanation is given of this claim. The bandwidth of the left-hand LTP triode is increased by reducing its stage gain, because of the reduced Miller effect at lower gain; bandwidth of the right-hand LTP triode, which being a grounded-grid stage is already very high, is unaffected. The author exhibits no comprehension of any of this. The bandwidth of the entire amplifier is unaffected, as it is determined by the output transformer, the NFB network, and the various step networks. The author might have a case for claiming that the increased bandwidth improves the phase response, but he does not make such a claim. The higher the gain the better the phase splitter balance. This is well understood, and is proven by the applicable equations, which are given in many standard texts such as RDH, Crowhurst, Morgan Jones, et al.. It was known to Otto Schmidt in 1938 and to Alan Blumlein in his 1937 patent. The author appears entirely unaware of any of this. No sense can be made of the final proposition. Reducing the available voltage swing at the output stage grids by a factor of 5 cannot possibly be considered beneficial.


� ‘Operates low distortion’ and ‘is linear’ is one thing, not two separate things. This claim is unquantified and unsubstantiated. My own measurements on an HB-modified Stereo 20 completely and utterly refute it. I measured THD of over 0.3% with the modifications as perpetrated by HB, and 0.03% after removing them. I also observed phase splitter imbalance in isolation of up to 50%, causing the copious 2HD which was visible on spectrum analysis and measurable as THD. I also did not observe any of the improvements in hum, hiss, or SNR claimed later in the article. I further observed several component replacement errors, and some strange rewiring mistakes or practices, such as an incorrect NFB RC network time constant, and strapping the output stage into pentode mode. Possibly he thought he was triode-strapping it? Anything is possible really. The author does not state why ‘ultra wide bandwidth’ is required in an amplifier with less than 55 kHz bandwidth. Why ‘a bit of current’ should be required to drive the grids of a Class A1 output stage is not stated. It isn’t. The output valves do not draw any current from the phase splitter; only the 470k grid resistors do that.


� Non sequitur, and the circuit shown is neither balanced nor even correctly biased.


� The ‘pre-WWII “Schultz” circuit’ is unknown to science. I have been unable to trace any reference to it, and the author provides no citation or reference. Otto Schmidt published an LTP phase splitter in 1938, showing the correct equations for balance, but the circuit shown is not it.


� i.e. removing Leak’s 1K biasing resistor, so the stage is biased to the voltage drop across the 22K resistor, i.e. < -30V, which is turning the valve practically off. No motivation is provided for any of these changes, and no explanation as to how they provide the magical qualities ascribed to them. The bypass capacitor means that the second grid is not treated the same way at all. The LTP circuit does not work without the bypass capacitor on the second grid, but the author does not appear to understand why.


� Unsubstantiated and unquantified. It is true however that these capacitors should not be increased: on the contrary, I have found that they often need to be decreased to cure motorboating.


� This is about the only claim in the entire article that comes anywhere near being testable, although specified imprecisely. The measurement conditions are not really stated, but ‘in isolation’ cannot possibly include the output transformer, which has no response in this region, or the NFB network, which operates to limit the bandwidth to 50 kHz, making megahertz internal bandwidths completely pointless.


� False. Stage gain is reduced, and therefore open-loop gain. Closed-loop gain is unchanged, as the feedback network is unaltered. Again the author exhibits no understanding that these are three different things. The final claim is unsubstantiated and unquantified.


� False and false. The closed-loop gain is unaltered, and therefore so is the background hiss and hum. Improved SNR is not a ‘side-effect’: it is the same thing; and the claim remains false.


� This would be rather remarkable, as it has to deal with over twice the power.


� God help the poor owners.Shame on you, HB. It is most  curious that he states in 2012 that he has being doing the modification for 20 years despite having published comments in 1998 (above) that flatly contradict any need for modifications at all.


� False, false, false, false, and meaningless. The first is impossible: restores what treble? Is any missing? What? How much treble is restored? From what turnover frequency? The second is both impossible and undesirable: how much is bass reduced? From what turnover frequency?  And in both cases, via what mechanism? Stage gain is reduced, not closed-loop gain; and as C/L gain is unaffected, there can be no effect on noise; and no such improvement was measured. The final claim is meaningless.






Haden Boardman, Hifi World, April 2013

Annotated by Esmond Pitt


