
Analysis of a Leak Stereo 20 modification


Introduction
This paper examines a well-known Stereo 20 modification that has been published on more than one occasion,
 and provides some actual before-and-after measurements, to throw some factual light on the claims made for it.

Device under test

The device under test was a Leak Stereo 20 which had been modified by the author of the modification in question, as shown by his bull’s-head trademark penciled inside the chassis.
The ECC82 valves which form part of the modification were not present: instead they were ECC83/12AX7 as marked on the chassis. No service history was available to determine how this had occurred, but the mistake is understandable given the undisturbed chassis labelling.
Initial survey

The following differences from Leak’s published schematic were noted, with comments as shown.

Table 1​​ Initial survey

	Component
	Leak value
	Modified value
	Comment

	R4
	100R
	1K
	This may have been simply an error; however, it has major consequences: global negative feedback is reduced by a factor of 10; sensitivity is correspondingly increased, although unstated; and distortion is also correspondingly increased.

	R19
	47K
	4K7
	This and R20 may simply be errors.

	R20
	4K7
	47K
	R19 and R20 are adjacent and may have been simply interchanged mistakenly. These errors upset the operating point of V2, as do the changes involving R6 and R11 below. They also increases the hum in the input stage.

	R21
	100R 3W
	100R 5W
	This is the famous ‘self-unsoldering’ resistor. Author of the modification has written about this, so the error is surprising, unless perpetrated by a subsequent repairer, but there was no other evidence of later repair.

	V2
	ECC83
	ECC82
	Documented in modification.

	R7
	91K
	100K
	Ditto.

	R6
	3M3
	1M
	Ditto.

	R8
	1K
	22K
	Ditto.

	R9
	22K
	0R
	Ditto.

	R11
	3M3
	1M
	Ditto.

	R18
	12K
	15K
	This is the feedback resistor. The feedback compensating capacitor C9 was not changed in proportion, so the turnover point of the NFB network was lowered in proportion. 

	C4
	0u25F
	0u2F
	2 x 100nF.

	C5
	0u2F
	0u1F
	Documented in modification.

	C6
	0u25F
	0u2F
	2 x 100nF.

	C10
	32µF
	47µF
	

	C11
	32µF
	47µF
	

	C12
	32µF
	47µF
	This is within the 60µF limit for C1 of a GZ34.

	C13
	32µF
	47µF
	

	V3 pin 9 (g1)
	OTX primary pin 4
	OTX primary pin 7 via 47R
	This is pentode-strapping, with the screen at a constant voltage. This is most curious, as the article recommends triode-strapping, i.e. a change in exactly the opposite direction. The usual triode-strapping screen connection would be to OTX pin 8 (i.e. anode of V3) via 100R.

	V4 pin 9 (g1)
	OTX primary pin 5
	OTX primary pin 7 via 47R
	As above, but here the triode-strapping screen connection would be to OTX pin 6 (i.e. anode of V4) via 100R.


General comments on the modifications
The three or four mistakes are surprising, whoever perpetrated them, and also rather serious.

The changes to R11 and C5 move the LF zero from 2.41Hz to 1.59Hz. These changes are not motivated in the published discussion, and appear pointless. The failure to change C9 along with R18 is critical, as it moves the dominant pole and so potentially affects stability.
Claims

The following claims are made for the modification:

1. ‘This simple mod restores treble and lower bass, reduces gain and noise, and makes these little amplifiers very serious’.
2. ‘A popular idea 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’.
3. ‘In my opinion this just creates an audio mess’.

4. ‘The ECC83 phase splitter … manages 100x gain’.
5. ‘As such high gain is not needed, it makes sense to balance the thing properly’.

6. ‘The grid of the second half of the triode [is] treated in the same way as the first: connected to ground via a 1M resistor, bypassed by a 0.1μF capacitor’.

7. ‘This amount of gain sacrifices several things: bandwidth, phase splitter balance, the ability to fully ‘drive’ and control the output valve’s input grid.

8. [The replaced phase splitter has:] ‘low distortion’.
9. ‘Linear’.
10. ‘Ultra-wide bandwidth … Measured bandwidth (in isolation) reached several Megahertz’.
11. ‘Can supply a bit of current’.
12. ‘Balance[d] properly’.
13. ‘Larger value capacitors [for C4 and C6] will compromise the sound’.
14. ‘Gain is reduced’.
15. ‘Based on the pre-WWII “Schultz” phase splitter circuit’ (stated three times).

16. ‘A massive leap in sound quality can be heard’.
17. ‘As gain drops, so does background hiss and hum; signal to noise ratio is reduced as a positive side-effect.’
Comments on the claims
Several things can be stated immediately. The publication in which it has appeared is not a refereed engineering journal of record. The modification was published at least once without a schematic. No empirically verifiable claims are actually made anywhere in the articles. The claims that are made are unquantified, and are supported by neither argument nor evidence. The claims about ‘audio mess’, ‘compromise the sound’, ‘massive leap in sound quality’, etc., are subjective in nature and cannot be objectively tested or even rationally assessed. Indeed the claim about ‘audio mess’ is specifically presented as ‘my opinion’.
The entire article claims to be ‘based on the pre-WWI “Shultz” phase-splitter circuit’ with (presumably) equal anode resistors. No citation is provided, and no such reference can be found. However O.H. Schmitt published a phase splitter in 1938,
 showing that the anode resistors should be unequal, with formulae, and these are given or at least relied on in many subsequent, reliable publications by Langford-Smith,
 Mullard,
 Crowhurst & Cooper,
 Jones,
 etc. Crowhurst & Cooper even goes to the trouble of deriving the equations from scratch. No justification is provided for ignoring all this work, or for why Schmitt’s equations have apparently ceased to hold.
Finally, no actual explanation is given as to why the modifications proposed would increase the bandwidth and correct the phase of the stage.

The following table deals specifically with the claims as enumerated above.
	Claim
	Comment

	This simple mod restores treble and lower bass, reduces gain and noise, and makes these little amplifiers very serious.
	False. Nothing in this ‘simple mod’ ‘restores treble and lower bass’ (whatever that means). It does improve frequency and phase response above the audio passband, for reasons which are nowhere stated in the article, but ultrasonic frequencies are not ‘treble’. Nor does it ‘reduce gain and noise’. ‘Makes these little amplifiers very serious’ is meaningless.

	In my opinion this just creates an audio mess.
	Subjective; unsupported; unverifiable.

	The ECC83 phase splitter … manages 100x gain.
	False. The author here, and throughout, conflates µ, open-loop gain, and closed-loop gain. The nominal μ of each triode in the ECC83 is 100. The actual stage gain through a Schmitt/LTP phase splitter is half that of the individual stages, due to the shared cathode circuit, and is given not by μ or μ/2 but by two equations involving μ and all the resistor values:
 which is why varying the resistors can vary the gains to equalize the output levels, as Leak has done. In this case the gain per side is about 2, given roughly by 91/23/2 for the first triode and by a large equation for the second.

	A popular idea 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.
	It is difficult to believe that so much misinformation and so many misconceptions can be packed into a single sentence.

1. This ‘popular idea’ is correct engineering, as shown by Schmitt in 1938, Crowhurst & Cooper 1956, Jones, etc., and demonstrated by measurement below. There is no ‘try’ about it. 

2. ‘Unbalance the phase splitter’s direct current biasing to try and balance the a.c. or audio signal’ is nonsense. Changing the current does not alter the gain. Changing the cathode and anode resistors does that. There is no prior ‘balance’ to ‘unbalance’. The two stages follow different gain laws, as shown by Schmitt et al.; are not inherently in any kind of balance; and their input signals are at different levels. Using unequal anode resistors overcomes all these differences and equalizes the output levels.

	As such high gain is not needed, it makes sense to balance the thing properly.
	1. Non sequitur.
2.  There is no ‘high gain’: see above.

3. It is already correctly balanced.
4. By inspection of the gain equations, equalizing the anode resistors and reducing the cathode resistor both increase the imbalance.

5. Balancing the load resistors does not balance anything else. The author, here as throughout, exhibits no understanding whatsoever of the long-tailed pair phase splitter.

	The grid of the second half of the triode [is] treated in the same way as the first: connected to ground via a 1M resistor, bypassed by a 0.1μF capacitor.
	False. Bypassing the grid of the second stage means that it is not ‘treated in the same way as the first’, which is unbypassed. This strange language again betrays no understanding of the circuit. Connecting both grids to ground rather than to a voltage-division point between the 22KΩ and the 1KΩ resistor (which is removed) is unexplained and unsupported, and results in excessively negative Vgk in V2a, which upsets its operating point, and therefore its standing current, and therefore its cathode voltage, and therefore the cathode voltage of V2b, and therefore its operating point as well. Both stages are now incorrectly biased far too near cutoff. An increase in 2nd harmonic distortion can be expected, and was measured, as a result of both this step and of the now unbalanced gains due to equalizing the anode load resistors.

	This amount of gain sacrifices several things: bandwidth, phase splitter balance, the ability to fully ‘drive’ and control the output valve’s input grid.
	No sense can be made of these claims. Higher gain, or rather higher μ, does not adversely affect phase splitter balance, which is an inverse function of the gain, as per the Schmitt equation cited; nor does it compromise the ability to ‘fully “drive” and control the output valve’s input grid’, whatever this may actually mean. Substitution of the ECC82 may adversely affect the voltage swing available at the output stage’s grids. The modification does, however, affect bandwidth, for a reason which is nowhere stated,
 and which cannot rationally be attributed to mere resistor value changes and reconnections alone.

	low distortion … linear
	False; unsupported; pleonasm; refuted by measurement.

	ultra-wide bandwidth … Measured bandwidth (in isolation) reached several Megahertz.
	Unquantified.

	can supply a bit of current
	Irrelevant. The current, determined by the anode and cathode resistor values and the operating point, is less than a couple of milliamps, well within an ECC83’s capability. The ECC82’s capability is an order of magnitude higher, but clearly irrelevant, especially when the operating point has been shifted so far downwards by the unexplained changes to the grid and cathode circuits. In any case, a Class A1  output stage such as the Stereo 20’s does not draw significant current from the preceding stage.

	balance[d] properly
	False; unsupported; refuted by both accepted theory and measurements below.

	Gain is reduced
	False. µ and open-loop gain are reduced; closed-loop gain is not reduced, as the feedback network is unchanged.
 Reduced open-loop gain implies higher distortion, the converse of what is claimed.

	A massive leap in sound quality can be heard
	Subjective; unquantified; unverifiable; and refuted by measurements below.

	As gain drops, so does background hiss and hum; signal to noise ratio is reduced as a positive side-effect.
	Premiss is false: conclusion non sequitur. Noise levels depend on closed-loop gain, which is unchanged: background hiss and hum therefore do not drop either, and signal to noise ratio is therefore not improved.


It is well-known that perfectly balancing a long-tailed pair/Schmitt phase splitter is inherently impossible. Because the valve halves are configured as common-cathode and common-grid sections respectively, the gain laws are different in each, a point which appears to have eluded the author, along with the fact that as the second triode is driven by cathode-follower action of the first triode, its input signal is ~10% lower. As a result:

1. the input impedances are respectively high and very low, and the output impedances are respectively ~Ra and very high: a difference which is orders of magnitude beyond what can be corrected via the anode load resistors;

2. the input capacitances are respectively high and very low, the former being due to the Miller effect:
 a problem addressed by the Bailey-Radford phase splitter by using a pentode in the left-hand position;

3. it is also impossible to get matching phase responses to supersonic frequencies looking into capacitative loads such as a power valve’s effective Cga and Cgk, and this is made worse, not better, by using output triodes or triode-strapped pentodes, due to the greatly increased Miller capacitance of the output stage (due in turn to the electrical absence of the screen), regardless of whatever may be measured at the unloaded phase-splitter outputs.
All this is fairly inconsequential as long the problems are located above the bandwidth of the amplifier, as determined by the dominant pole and Bode stability criteria. What can be balanced is the output levels, and this is what Leak has done, and what is destroyed by this modification, as shown below.
Measurements

Equipment used

The laboratory equipment consisted of:

· Two Tektronix SG505 low-distortion oscillators, THD ~= 0.0012%, one with IMD option
· Tektronix AA501/01 distortion analyzer, capable of measuring THD down to 0.0009%, IMD, RMS voltages up to at least 100VRMS, and decibel ratios including SNR down to at least -114dB
· Tektronix SC504 80MHz and 7704 400MHz oscilloscopes

· Tektronix 7L5 spectrum analyzer, 5MHz bandwidth.

Test conditions
All measurements were taken with 31mVRMS input, at frequencies of 100Hz, 1KHz, and 10KHz. The AA501 has switchable filtering as follows:

400Hz 3rd-order high-pass

22.4Hz-22.4KHz 3rd-order band-pass

80KHz 3rd-order low-pass (not used)
These were used as follows:

100HZ: 22KHz LPF only
1KHz: 400HZ HPF and 22KHz LPF.

10KHz: 400HZ HPF, no LPF.

IMD was measured by the DIN method: 250Hz plus 8KHz in 4::1 ratio, total source amplitude 30mVRMS, with only the 22-22KHz BPF filter engaged.
The level used corresponds to about 2 watts into an 8-ohm load.

All measurements were taken after an initial warmup period of at least a minute, generally much more, and then observed over at least twenty minutes for stability.

Device under test

1. The modifications treated as possibly mere mistakes above were corrected.

2. The left channel was restored to correct working, by which is meant the original Leak-specified valves, component values, and connections, including the output transformer connections which were restored to ultralinear as per schematic.

3. The right channel was left strictly as-is apart from fitting a new ECC82 valve and correcting the feedback resistor R18.
4. As a final test, the right, modified channel was restored to correct working, and its performance compared to the left channel, to eliminate the possibility of a channel fault skewing the measurements. No significant difference between the channels was found after completing this final step.
Results

	Test
	Left (Leak)
	Right (PP)
	Comments

	V2A Vk
	37.5
	18
	Due mostly to ECC82.

	V2A Vgk
	-1.5
	-18
	Due to modified V2, R8, R9. The R Vgk bias is excessive for this valve. An ECC83/12AX7 in this position in R gave Vgk=-38V.

	V2A Va
	232
	258
	Due to ECC82 and R7. Restoring R7 to 91K corrected this to 265V.

	V2B Va
	238
	281
	Due to ECC82.

	THD 1KHz
	0.03%
	0.322%
	Restoring R7 to 91K alone reduced R THD to 0.265%.

	THD 100Hz
	0.11%
	0.381%
	Stable in left. Unstable in right, possible hum issue.

	THD 10KHz
	0.16%
	0.310%
	

	IMD
	0.035%
	1.05%
	Restoring R7 to 91K reduced R IMD to 0.93%.

	Output VRMS 1KHz
	2.43
	1.9


	

	Output W ditto into 8 ohms
	0.7381
	0.4950
	

	V3 g1 VRMS
	3.0
	2.2
	The left/right level difference is due to ECC83 vs ECC82. The V3/4 imbalance in the right channel is due to the modified R7. This alone refutes the claim that the modification improves balance. It destroys it. The measured output levels of 2.2VRMS and 3.2VRMS from V2B are not ‘balanced’ in any way shape or form. Nearly 50% 2nd harmonic distortion is introduced by this imbalance.

	V4 g1 VRMS
	3.0
	3.2
	Ditto.

	Spectrum analysis 2HD
	< -60dB
	 -50dB
	As expected, due to V2 imbalance.

	Spectrum analysis 3HD
	< -65dB
	 -60dB
	

	Spectrum analysis 4/5/6HD
	< -70dB
	< -65dB
	

	LF bandwidth
	Flat to 10Hz.
	Flat to 10Hz.
	Measurement limit 10Hz

	HF bandwidth
	-3dB at about 60KHz.
	-3dB at about 60KHz.
	Measurement limit 100KHz


Commentary on the measurements
1. The claims as to lower distortion and improved linearity are completely refuted. In the ‘perfect phase’-modified channel, THD was an order of magnitude higher; the 2nd harmonic was 10dB more prominent: the 3rd harmonic was a few dB more prominent; IMD was an order of magnitude higher. Higher harmonics were substantially equal in both. 
2. The claims about ‘upset[ting] the phase splitter’s DC current biasing’ by ‘using uneven anode load resistors’ are refuted. Unequal anode load resistors did indeed balance the audio signals, and ‘upset the DC bias’ considerably less than equal loads: the modified channel’s phase splitter anode voltages were more unequal; and the outputs were nearly 1/3 out of balance in the ‘perfect phase’-modified right channel, but equal to a couple of decimal places in the restored left channel. This is also borne out by the substantial increase in 2HD. Distortion was reduced by 30% in the modified channel simply by using the Leak values for the anode load resistors of V2, with no other corrections.
3. The claim about a higher-gain valve ‘sacrific[ing]’ phase splitter bandwidth is unquantified and unsupported, and therefore cannot be assessed. 
4. The unquantified and unsupported claim about a higher-gain valve ‘sacrific[ing]’ phase splitter balance is false by inspection, as balance is an inverse function of μ.

5. A claim about ‘several Megaherz’ bandwidth is made, but no actual figures are cited, and no measurement technique: ergo this claim cannot be evaluated. 
6. The incorrect Vgk bias of V2 and the loss in output level of nearly 30% are both major concerns. The former suggests that there will be premature and asymmetric clipping, which would cause a loss in maximum power output. The second suggests that the amplifier isn’t delivering enough open-loop gain to meet its specifications.
Summary

Not one of the claims advanced for this modification stands up to either accepted theory, rational analysis, or empirical measurement in any respect whatsoever.

Questions for Mr Boardman

1. Please explain exactly why the modifications proposed increase the bandwidth and reduce the phase shift of the stage. Merely changing the anode, grid, and cathode resistors cannot possibly have this effect, and nor can mis-biasing the stages.
2. Please specify numerically the ‘several MHz’ of phase-splitter bandwidth attained, and the purpose.

3. Please identify the ‘pre-war Shultz phase-splitter’ and provide a citation.

4. Please measure the THD+N before and after, and supply and explain the measurements.

5. Please measure the input sensitivity before and after, and supply and explain the measurements.

6. Please explain why the gain and load-resistor equations given in the Radio Designer’s Handbook, §7.2(viii)(A) and the other references cited above have ceased to apply.

� For example Hi-Fi World, April 2013. It is named the ‘perfect phase’ modification by its progenitor.


� The article is discussed at � HYPERLINK "https://www.vintage-radio.net/forum/showthread.php?t=131792" ��https://www.vintage-radio.net/forum/showthread.php?t=131792� and in the Yahoo! Leak group. The sentiment expressed in both places is entirely negative, with not one supporter or supportive posting to be found. The progenitor of this modification is a member of the Leak group mentioned.


� In another place the author has claimed ‘Too much gain in the phase splitter results in much sonic mush’.


� As cited in Langford-Smith, Radiotron Designer’s Handbook, 1953, §7.2, reference G1.


� Langford-Smith, op. cit., §7.2(viii)(A).


� Circuits for audio amplifiers, Mullard 1954.


� Norman H. Crowhurst & George Fletcher Cooper, High Fidelity Circuit Design, Gernsbac Library, 1956, ch. 6.


� Morgan Jones, Valve Amplifiers.


� Langord-Smith, op cit.: note the factor of ½ applied to both equations.


� As does decreasing the μ by changing to an ECC82/12AU7.


� Namely that a lower-µ valve will have lower Miller capacitance.


� Except for the mistakes about R4 and R18 in the device under test, which aren’t documented as part of the modification, and which increase the closed-loop gain, and lower the bandwidth to 53KHz.


� This is nowhere mentioned in the article. One would expect an explanation of the primary claimed benefit to be provided.
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