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The Ovation nx - Amplifier 

  

The Ovation  ‘n x - Amplifier ’ is a  low distortion ,  very wide bandwidth (DC to 5 7 0   
kHz  - 3 )  dB    W  100 CFA topology class A B   power amplifier   with    
distortion typically 70ppm at 80W RMS into 8 Ohms, and about 50ppm at 1 kHz.  

This design achieves excellent DC performance with offsets of <10mV within  

2 ~3 minutes of switch - on, and 1~2 mV after 10 minutes without the use of  

servos. The maximum offset at switch-on is under 50mV.   

 A PSU + Protection board provides DC offset, overcurrent and switch  
ON/OFF muting.    

This design leverages the front end of the class A sx - Amplifier design published  

in July  2012 , retaining the CFA topology and uncomplicated circuit design, but  

with a class AB EF2 output stage which enables it to deliver much higher output  

power.  This is a compact amplifier measuring 42x27x150 cm’s and weighing 12  

kg. Amplifier board and PSU DSTH P PCB’s  ( V2.0)  are available for this design  -   
see page 2 for details.   
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This document has been updated to reflect V2.0 PCB’s for the  
  

nx-Amplifier PCB and the  
  

PSU +Prot PCB  
  

Very high quality 70u thick copper Double Sided THP plus Gold Plating 

PCB’s for this project are available from 

Jim’s Audio  
  

nx-Amplifier PCB Set 
 

The PCB set consists of two amplifier boards plus 1 PSU +Prot PCB  

  

http://www.ebay.com/itm/100Wx2-Ovation-nx-Current-Feedback-Amplifier-PCB-set-new-version-2-0-/321584519451?ssPageName=STRK:MESE:IT
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        Copyright  
  

The copyright for this document and the nx-Amplifier and 

PSU +Protect circuit and PCB designs is owned by 

 

Andrew C. Russell 
 

All rights reserved 

 

© 2012, 2013, 2014, 2015 

 

This document may be freely distributed and copied, so long as it is done 

so in its entirely, and the authorship is acknowledged. 
 

The Ovation nx-Amplifier circuits, PCB layouts and all related 

documentation are made freely available for personal use and/or group 

DIY buys. If you are a manufacturer, kit supplier or DIY shop or any other 

commercial entity that wishes to profit from the design or derivatives 

thereof, you need to contact me at bonsai(at)hifisonix.com 

The diyAudio.com thread link to this project may be found here:- 

http://www.diyaudio.com/forums/solid-state/236522-sx-amp-nx-amp.html  

Check back here from time to time to see if there have been any further 

updates to this document:- 
 

http://hifisonix.com/nx-amp/  

 

This Project requires wiring up to the mains voltage. 

 

If you do not have the requisite skills or tools to deal with mains 

voltage wiring, get a professional to help you. 

 

Mains voltages are lethal – exercise caution.  
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1. Introduction  
When the sx-Amplifier was completed, I quickly came to the conclusion that if I re-configured 

the design for class AB operation and increased the supply rail voltage, I could easily scale the 

output up from 15 W RMS class A to perhaps 80 or 100 W RMS class AB and still retain some of 

the essential design features of the sx-Amp platform. I especially wanted to see if I could 

capture some of the magic sound staging and top end sweetness of that design in the nx-Amp. 

The design goals remained simplicity, speed with rise times under 1 µs, very wide bandwidth 

along with good distortion performance.  As I noted in the sx-Amp write-up, the clipping 

behavior is important, and the nx-Amp retains the soft clipping characteristic of the sx-Amp 

design, something that is more usual in tube amplifiers. In this design, the amplifier PCB  

layouts are slightly modified to accommodate the additional driver stages, class AB bias control 

and short circuit protection, but the same compact PCB layout format is retained.  The nx-Amp 

features a more advanced power supply board incorporating speaker muting and basic 

protection features. However, if cost is a real issue, the sx-Amp power supply board can be 

used as long as the filter capacitors are rated for 50 V and the capacitance is at least 22 mF per 

rail for a stereo amplifier. Note however, that if you do pursue this route, you will have to 

arrange your own DC offset protection and switch on and off  thump muting – you can read 

more about this in section 4 of this document.  

The mid-band loop gain on this design is moderate at circa 52 dB, but not as low as the sx-Amp.   

The distortion performance is thus somewhat better than the sx-Amp at  70 ppm at 20 kHz at 

80 W RMS output, and under 30 ppm at 1 kHz. The nx-Amp is a compact, cost effective design 

that sounds smooth and open; just like the sx-Amp, it is easy and fun to build with no 

compromises in audio quality.  

 

Figure 1 - 20 kHz 1 V pk-pk Output into 8 Ω  

  

  

http://hifisonix.com/the-sx-amplifier/
http://hifisonix.com/the-sx-amplifier/
http://hifisonix.com/the-sx-amplifier/
http://hifisonix.com/the-sx-amplifier/
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1. nx-Amplifier Specifications  
All specifications are into 8 Ω with +-45 VDC power supply rails unless otherwise stated  

Topology       Class AB Fully Balanced Symmetrical Current Feedback Amplifier (CFA)  

Rated Power           100 W RMS class AB; 4 W peak in class A1 with bias set to 125 mA per output pair, 250 mA  
total bias  

        180 W RMS into 4 Ω  

Peak Current Capability    ~5 A peak for ≤ 100 ms – limited by fuses;  12 A minimum for 50 ms  

        I2R capability ~500 W peak one channel driven          

Frequency Response      DC – 570 kHz -3 dB 1 W into 8 Ω  

        DC – 2.5 MHz – front end filter disabled – 1 W into 8 Ω  

        Power bandwidth ~ 200 kHz2  

Distortion (RMS)      80 W 8 Ω  0.007%  at 20 kHz; 15 W  8 Ω  0.003% at 1 kHz  

        50 W 8 Ω  .005%  at 1 kHz; 100 W at ≤ 0.15% distortion 20 Hz to 20 kHz  

Distortion components at all rated powers below 100 W RMS predominantly 2nd and 3rd harmonics.  
 

Input Sensitivity & Impedance  
   

1.2 V into 10 k Ω// [1 k Ω +220 pF]; ~10 k Ω at 1 kHz  

Noise        -100 dB ref 45 V pk output  

Loop gain       52 dB at 1 kHz; 49 dB; -3 dB at 8.6 kHz (simulation)  

Closed Loop Gain      31 dB; -3 dB at 680 kHz; phase lag <2° at 20 kHz (front end filter in-situ)  

Small signal rise time (10-90%)    <550 ns with front end filter  

        <100 ns with front end filter disabled  

Slew Rate  (larg signal rise/fall 

time)     >200 V/µs (front end filter disabled) 3 

        c. 140 V/µs (front end filter enabled)  
(slew rate measured before the output LR network and into 8 Ω resistive load)  
 

Power Consumption  
 

30 W at idle per channel – 60 W for stereo amplifier (see text for discussion on OPS bias 

setting)  

Dimensions  42 cm x 27 cm x 15 cm   

Weight  12 kg           

 
1 From 2 x Iq x Rload  = 2 x 0.25 x 8 = 4 Watts peak class A power before the amplifier transitions to class AB 
2 This is the full rail to rail output voltage swing into 8 Ω with no visually discernible distortion on the waveform  
3 The nx-Amplifier is essentially non-slewing owing to the CFA topology, so this figure is more accurately described as ‘large signal 

rise time’ 
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2. Circuit description and design 

discussion (See Fig 4)  
Front End Stages. The input signal is bandwidth limited by R17 and C13 before feeding buffers 

Q8 and Q10  (BC557C and BC547C 45 V Vceo) which in turn drive the bases of the level shifter 

stage,  Q9 and Q11 ( BC546B and BC556B 65 V Vceo devices) which control the feedback node 

at the junction of R28 and R29 via their emitters. Collectively, these 4 transistors are referred to 

as the diamond buffer (‘DB’) front end stage. The input transistors derive their base bias via R10 

(10 k). The front end emitter follower buffers are loaded via R34 and R35 which are fed from 10 

V Zener regulators D3 and D4.  This ensures that the quiescent operating current for the whole 

small signal part of the amplifier, including the TIS, is firmly fixed even with shifts in supply 

voltage of +20%4.  R36 and R37 (150 Ω each) provide some stand-off voltage to the bases of Q9 

and Q11, so that their emitter currents can be stabilized by resistors R28 and R29 (120 Ω 

each).C6 and C12 provide heavy local decoupling of the Zener references.  The collectors of Q9 

and Q11 drive the TIS stage (Q6 KSC3503 and Q7 KSA1381) via the R30 and R31 collector load 

resistors.  In a conventional CFA topology as would be found in an IC for instance, Q9 and Q11 

would drive current mirrors ( a trans admittance stage or TAS), which would improve linearity 

and increase the open loop gain, but like the sx-Amp, I avoided that complication in this design 

as well in the interests of simplicity. Furthermore, in an audio power amplifier, the  output 

stage presents a large, non-linear load to the TIS - the advantages one anticipates by going 

down this path are not easily realized, and especially so in the case of a EF2 design such as this 

one. The collectors of the TIS transistors Q6 and Q7 are tied together by the class AB bias 

control amplifier, configured around Q3, Q20, R6, R8,R20 and R21.  This circuit simply multiplies 

(hence the commonly used name ‘Vbe multiplier’) the base emitter voltage of Q3 – which is 

dependent upon absolute temperature – by the ratio of [R6+R20] and R21. We will come back 

to discuss thermal compensation a little later. Q3 acts as the shunt pass transistor, conducting 

most of the TIS standing current which measures about 28 mA in this design. C14  - rather 

oversized for the job - ensures that the Vbe multiplier circuit is stable and does not oscillate.    

Matching, DC Offset and Distortion. There is a lot of discussion around component matching 

and parts selection, and particularly so with respect to the front end DB configuration (Q8 

through Q11 in this design) and the two TIS transistors (Q6 and Q7).  Matching for hFE and Vbe 

on the front end will help to reduce DC offset and drift errors. The input Δ Vbe with 

temperature neatly cancel and in the prototypes and final build,  after warmup and initial offset 

trim, amounted to  1~2 mV- a very good result indeed for a power amplifier.  At low to medium 

frequencies,  matching will also help to further reduce 2nd harmonic distortion which will 

 
4 Some designers have commented that using Zeners rather than current sources affects distortion.  In sims, you may notice 

differences of about 1ppm – in my view,  this is too small to be of any practical concern at any level.   
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partially cancelled in symmetrical design amplifiers like this one in any event.  At HF, layout and 

device differences will in many cases reduce this effect, but in my view, the benefits of 

matching are well worth the effort.  See Section 5 for matching requirements and further 

information.  

CFA Front End operation – class A or class B? Unlike VFA’s, the peak current output from a CFA 

amplifier front end is not limited to a fixed maximum value (the tail current in a VFA), but is 

instead controlled by the feedback resistor which sets the front end stage transconductance 

(gm) and the instantaneous output voltage. In practice, this means that high currents can be 

developed on demand to charge the compensation network, and this is one of the reasons 

CFA’s achieve high slew rates and wide bandwidths as a matter of course.  However, a number 

of commentators have remarked that the CFA DB front end transitions from class A to class B 

and this could therefore impact the sound 

quality, the connection of course being with 

class B operation of the output stage where 

this definitely imparts a sonic signature, and a 

further concern that in a CFA this transition is 

taking place at small signal levels at the front 

end of an amplifier.  

Fig. 2 shows the currents in a DB input stage 

model driven to full output. The source signal 

rise/fall times for this test were set to 10 ns – 

implausibly fast for any audio signal– to test 

the proposition that the input stage makes 

the transition to class B in a CFA front end.  

The amplifier output is about 35 V peak 

(green trace) so it is definitely operating in 

the large signal domain and the front-end filter is disabled. The yellow circles highlight that the 

level shifter current, i.e. the front-end output current signal, just exits class A on the bottom 

edges of the waveform.  But, as already noted, signals with these rise times in audio are not 

possible.   Fig. 3 shows the same operating conditions, but with the input filter, designed to 

bandwidth limit the input signal, set to 1.5 MHz – already much higher than the nx-Amplifier 

which has an input filter cutoff frequency of 720 kHz.   

  

To ensure that the front end always remains in class A in a CFA, the peak current provided by 

the feedback resistor should be sufficient under worst case conditions to provide any current 

demanded by the compensation network attached to the TIS node. This is accomplished by 

ensuring the front end gm, seen from the inverting input – is high enough.  The 

transconductance is set by the value of the feedback resistor plus any emitter (Re and re’) 

resistance in the DB level shifter transistors. 

Figure  2   -   CFA DB output current  - no filter    

Simulation 
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It’s clear from Fig. 3 that the level shifter 

stage does not enter class B operation and 

stays firmly in class A – see the yellow 

circles. What is interesting here is the 

‘current on demand’ behavior of the CFA 

front end – the standing current in this 

model is c. 2.3 mA (red and blue traces), 

but goes to 4.2 mA peak (red trace) as 

required to charge the compensation 

capacitor which was used in this model. In 

the previous slide, the peak current went 

to over 8 mA, just exiting class A operation 

but this only happened because the all-

important input bandwidth limiting filter 

was omitted.  It should be noted that under 

normal operating conditions over the 20-20 

kHz bandwidth, the input current to the TIS 

is only a few micro amps. The reason for 

this of course is that TIS gain is high, and 

the compensation capacitor Xc still rather 

low. The high peak currents are only ever 

seen on fast, large signal transients. 

The conclusion from this discussion is that if sized correctly in terms of standing current wrt to 

peak feedback current, and the appropriate input signal filtering or bandwidth limiting  is 

applied,  discrete CFA input stages for audio power amplifiers  can be easily designed to remain 

in class A at any input signal level. You can see a more detailed investigation into CFA DB 

operating currents here.  

  

The Second Stage, or TIS. For the TIS devices, try to make sure you use devices of the same 

gain grade. Unfortunately, the high gain grade devices are no longer available as pairs, so you 

have to use lower gain grades.  This is quite ok and will not affect the performance significantly 

as long as you use the same gain grades for both devices.  The TIS runs at about 20-30 mA 

standing current.  With higher value TIS degeneration resistors, the spread of course is much 

smaller, but then there are other issues to contend with – the 15 Ω used here is a good 

compromise.    

DC Coupling and Offset Adjustment. Like the sx-Amp, the nx-Amp is also DC coupled and R3 is a 

10 k 22 turn potentiometer, connected across the front end +-10 V Zener regulators, and used 

  
  

Figure  3   -     CFA front end showing no transition to  

class B  –   front end filter in situ   

Simulation 

http://hifisonix.com/current-feedback-amplifier-input-stage/
http://hifisonix.com/current-feedback-amplifier-input-stage/
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to adjust the output offset during initial calibration; C1 simply filters out any Zener5 or 

remaining rail noise so that it is not injected into the feedback summing node at the junction of 

R28 and R29.   We will discuss the feedback and compensation a little later.    

Being DC coupled throughout can be problematic if the preamplifier output has a DC offset.  A  

20 mV offset at the preamp output becomes a 750mV offset at the output of the nx-Amp which 

is most assuredly a big issue – the DC offset detection will be activating  continuously and a 

750mV DC bias on the speakers is going to seriously affect the sound.  The input driving source 

offset must  be no more than 1 mV which should not be a problem for modern opamp based 

preamplifiers.  The other option here is to capacitively couple the preamplifier to the nx-Amp 

input using a 100 µF 50 V electrolytic capacitor in parallel with a good quality 1 µF 50 V or 100 V 

film capacitor (See appendix 7).  

 

Also, note that when you adjust the output offset (see section 6),  this must be done with the 

inputs to the nx-Amp disconnected - you do not want to be dialing out the pre-amp offset if 

there is one connected to the input and it is DC coupled as it can cause other problems.  

 
5 On  a typical 10 V or higher  Zener, the wideband noise is 3~5uV, whilst the output impedance is in the 

region of 2~  5 Ω and dependent on the Zener current  
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Figure 4 – nx-Amplifier V2.0  100W Class AB CFA Amplifier Circuit Diagram   

 

Attention: for R41 and R42 fit 0 Ohm 1206 size jumper or link out with blob of solder 
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Output Stages. The TIS stage drives an emitter follower double (EF2) output stage, with Q12 and 

Q13 forming the driver stage, and Q1, Q2, Q4 and Q5 the output stage devices. Q3 and Q20 form 

the bias spreader, with R6 setting up the driver stage quiescent current at 35 ~ 40mA whilst C10 

speeds up the turn off performance of the output devices when conduction transitions from one 

half to the other. For the output devices proper, I chose NJW3281 and NJW1302  sustained beta 

devices, using 2 pairs to improve thermal management, and to reduce distortion by minimizing 

beta droop.  In the prototype and final builds,  I used the same transistor types for both the TIS 

and driver stages,  which some people have commented on as being wasteful,  since high 

performance TIS devices are becoming rarer, and especially so in through hole form. Fairchild 

KSA1220A/KSC2690A devices (or the original Japanese types 2SA1120A and 2SC2690A) make fine 

drivers for this design, whilst preserving the precious stock of 1381/3503 low Cob TIS transistors.  

Its important that the same gain grade is used for the drivers as well, and I recommend O or Y 

suffix versions.   

The EF double (or EF2) output stage allows the nx-Amp to realize 80 W RMS output with 

distortion of about 70 ppm, and at the onset of clipping at 100 W 0.15% (figures at 20 kHz and 

+45V supply rails).  A triple would have reduced the 80 W figure to well under 10 ppm (with some 

adjustments to the TIS standing current), but in my view, the additional benefit would have 

compromised the aim of a simple, high performance design. As I remarked in the sx-Amplifier 

write-up, in general there is little correlation between perceived sound quality and total system 

distortion6 below about 1%, and as you should conclude, I am not wedded to single digit or sub 

ppm distortion levels as an overarching amplifier design philosophy – the only value in single or 

sub ppm digit distortion levels is in the technical challenge both in terms of circuit design and 

execution.   

  

For this design, I set the output stage 

standing current a little higher than class 

AB optimum bias theory (the so called  

‘Oliver voltage’) suggests, which is 

about 78 mA per output device (from Ib 

= 0.026/(Re+’re)  where (Re + ‘re) is the 

total output transistor emitter 

degeneration resistance, including the 

internal emitter resistance), instead 

 
6 See interesting write up here http://www.audioholics.com/room-acoustics/human-hearing-distortion-audibility-part-3  

  

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC4QFjAA&url=http%3A%2F%2Fwww.onsemi.com%2Fpub%2FCollateral%2FNJW3281-D.PDF&ei=VgVEUrTYLciShgfIuIGQDw&usg=AFQjCNEqE1NIto0z-1jGaKtMQAxOmBWlng
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC4QFjAA&url=http%3A%2F%2Fwww.onsemi.com%2Fpub%2FCollateral%2FNJW3281-D.PDF&ei=VgVEUrTYLciShgfIuIGQDw&usg=AFQjCNEqE1NIto0z-1jGaKtMQAxOmBWlng
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC4QFjAA&url=http%3A%2F%2Fwww.fairchildsemi.com%2Fds%2FKS%2FKSC2690A.pdf&ei=ewREUoG8DsfQhAfJm4HoCQ&usg=AFQjCNFG8TSfe3GAn3zwReRyeMkoN33Akw
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC4QFjAA&url=http%3A%2F%2Fwww.fairchildsemi.com%2Fds%2FKS%2FKSC2690A.pdf&ei=ewREUoG8DsfQhAfJm4HoCQ&usg=AFQjCNFG8TSfe3GAn3zwReRyeMkoN33Akw
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opting for around 125 mA each7. This yields about 4 Watts peak class A operation before the 

output stage transitions to class AB. The total standing current of each channel is 300 mA, 

including front end circuitry.  The heatsinks are rather substantial, so the temperature rise over 

ambient is only 10 °C when idling. During listening tests, I got the impression the amplifier 

sounded more euphonic with the higher bias setting, and so that is what the nx-Amplifier is set 

at. Note that the distortion figures quoted in the specs are simulated at 78 mA per output 

device – the higher bias setting figure I used will result on about 15~20 ppm more distortion 

across the board.  The nx-Amplifier bias current is very stable, with Q3 (BC847C) providing the 

thermal compensation. I few people have asked me how come Q3 is not attached to the 

heatsink. The BC845C SOT23 device has a very low thermal mass, and since it is placed on the 

underside of the PCB and close to the collector lead of the output device, tracks temperature 

rather well.  Further, the drivers are also attached to the heatsink and while not quite 

isothermal, nevertheless track closely enough to provide good performance.  I did experiment 

using a small amount of thermal grease to couple Q3 to the output device collector lead, but 

found this provided little or no improvement.  Note that an EF2 is much easier to thermally 

compensate than a triple, where there is a 6 Vbe voltage stack to deal with.  You can read about 

how I did this on my output triple e-Amp design.6  

 

The 4.7 Ω 2512 1 W SMD resistors in the bases of the output transistors  are ‘stoppers’ that 

prevent parasitic oscillation which can be a problem when using fast output devices in the EF2 

configuration (and  this problem almost a certainty with an EF3 output stage if precautions are 

not taken).  In the final design, R41 and R42 in the driver transistor bases were fitted with 0 Ω 

1206 jumpers, but you can also just link them neatly with a blob of solder.  R5 (33 Ω) which is 

fitted between the emitters of the driver transistors Q12 and Q13, sets the driver stage standing 

current at about 40 mA while C10 (0.1 µF film) assists in speeding the turn off time of the output 

stage devices.  For the most part, the driver stage operates in class A, only transitioning to class B 

at high power levels.  It’s interesting to contrast this with the e-Amp, which uses a triple follower, 

and in that design both the pre-driver (as would be expected) and driver stages run in class A all 

the time, with the drivers only transitioning to class (A)B at 800 W output – i.e. a very heavy sub 

2 Ω load.  

    

 
7 Most of my designs have the output stage Iq set simply by 0.026/Re, so they are generally about 15~20% higher than they should be.  

6 See page 37 in the e-Amp write-up  

http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
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The two scope shots on this page 

give some idea of the wide 

bandwidth and rise time 

performance of the nx-Amplifier. In 

the uppermost shot, the amplifier is 

delivering >50V pk-pk at 20 kHz into 

an 8 Ω load (scope probe is 10x). 

The waveform is clean with no 

overshoot and the waveform tops 

show no ringing (a sure sign of 

board decoupling problems on a 

test like this).  

  

Certainly, modern 30 MHz Ft output stage devices (NJW3281, NJW1302 and derivatives) play a 

key role in enabling this type of HF performance which would not be possible with legacy parts.  

  

The second scope shot below shows the amplifier output waveform at 100 kHz into 8 Ω at about 

70V pk to pk (scope probe is 10x).  This is an extremely stressful test that exercises the output 

stage devices, drive and recovery performance.  If the output devices are not being switched 

cleanly, and the base charge on the device being switched off removed quickly, cross conduction 

and cross over anomalies would be evident .  In the nx-Amp, the driver stage tie resistor (R5 33 

Ω) is purposely kept low, assisted by C10 (0.1 uF), which facilitates the good switching 

performance you see here.  Both of these scope shots were done with the front end filter in situ 

and the Zobel disconnected.  The 10-90% rise/fall time of these waveforms was measured at 

~700 ns.   

   
    

Scope probe x10 

Scope probe x10 
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Figure 6 - +ve Rail Noise Before Filter  

 

Figure 7 - Zoom-in on HF Noise  

 

Figure 8 - +ve Rail Noise After Filter  

 

Power Supply Rejection Ratio and Decoupling. One of 

the drawbacks of CFA topology amplifiers is their lower 

PSRR – something well designed VFA topology amplifiers 

really excel at.  To mitigate this shortcoming, the front 

end stage is heavily filtered (R22, R23 along with C5, C8 

and C9 and C11) and Zener regulated (D3 and D4).  A 

ripple eater or AFEC would also help significantly here, 

but that will have to be something for another project – 

this one is about keeping it simple. Figs. 6~8 show the 

waveforms on the +ve supply rail before and after the 

filter while the amplifier is delivering 60 W into 8 Ω at 20 

kHz.  One of the questions I was asked was why not use a 

larger filter for even better ripple rejection? The answer is 

primarily linked to the value of the series resistors which 

are 15 Ω - making them higher reduces the available 

output swing.  With the values shown the drop across the 

15 Ω    resistors (R22 and R23) is around 0.45 V.  You can 

of course increase the value of the filter capacitors, but I 

think the 220 µF I specified is a good compromise 

between performance, size and cost, which figures 6 

through 8 seem to bear out.  

The rails are decoupled directly after the fuses with 220 

µF 50V capacitors (C2 and C4) and the tracks between 

these capacitors and the output devices are extremely 

short.  This is a high speed design, so it is important that 

the supply impedance remains low out to at least about 1 

MHz. During prototype testing, I used 0.1 µF film 

capacitors only, and ended up running about 500 mm of 

cable across the positive fuse holder to an ammeter. The 

positive tops of the square wave output test signal 

showed ringing and I initially presumed it was to do with 

compensation and the load.  However after some  

investigation, it became apparent that the decoupling was inadequate, and In a practical 

amplifier, I had to consider the cabling from the PSU to the amplifier board as well, so the 

problem was resolved by fitting C2 and C4 (220 µF 63 V).  Incidentally, the sx-Amp design and PCB 

was also upgraded in this way  as a result of the findings on the nx-Amp. The inductance in the 

supply rails between the decoupling capacitor is only about 20nH, ensuring the volt drops at HF 

are low.  A 1 A step change in 1µs, again impossible in a real world bandwidth limited audio 

signal, results in a drop of about 20 mV with the capacitors as shown.  On designs where there is 

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fhifisonix.com%2Fwordpress%2Fwp-content%2Fuploads%2F2012%2F12%2FAFEC-V1.0.pdf&ei=PiZKUvaoOuKn4gTly4CQCA&usg=AFQjCNG7-sA2d328w9J4bmhtJ67CSHudGg&bvm=bv.53371865,d.bGE
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fhifisonix.com%2Fwordpress%2Fwp-content%2Fuploads%2F2012%2F12%2FAFEC-V1.0.pdf&ei=PiZKUvaoOuKn4gTly4CQCA&usg=AFQjCNG7-sA2d328w9J4bmhtJ67CSHudGg&bvm=bv.53371865,d.bGE
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fhifisonix.com%2Fwordpress%2Fwp-content%2Fuploads%2F2012%2F12%2FAFEC-V1.0.pdf&ei=PiZKUvaoOuKn4gTly4CQCA&usg=AFQjCNG7-sA2d328w9J4bmhtJ67CSHudGg&bvm=bv.53371865,d.bGE
http://hifisonix.com/the-sx-amplifier/
http://hifisonix.com/the-sx-amplifier/
http://hifisonix.com/the-sx-amplifier/
http://hifisonix.com/the-sx-amplifier/
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significant inductance in the rail tracks between the power source and the output devices, local 

decoupling is required in the form of a substantial value electrolytic and a 0.1 µF film in parallel.   

It should then also be remembered that the decoupling component return paths to 0 V are just as 

important.    

  

Each supply rail on the nx-Amp is fused with 5 x 20 mm  5 A fuses, which are designed as the last 

resort safety mechanism in case of a catastrophic failure of the output stage going short circuit. 

Short term peaks of 12~14 A can be sustained for some 100s' of ms without popping the fuses, or 

triggering the short circuit protection8. D1 and D2 provide reverse polarity protection in the event 

a fuse opens, thereby preventing the semiconductor junctions from being reverse biased, which 

could lead to further damage.    

  

Speaker Coupling and Real World Capacitive Loads. The speaker is coupled to the output stage 

by means of L1 (see Appendix 1 for winding details),  a 0.6 µH inductor in parallel with R9,  a 3.3 Ω 

resistor.  At high frequencies, this network isolates the amplifier from any capacitive loads, 

ensuring that it remains stable.  Further,  directly off the output,  before inductor,  I have fitted  a 

connector for a  Zobel network which is located on the PSU PCB.  At high frequencies, the Zobel 

network ensures the amplifier sees a load that approximates 8 Ω, also aiding in overall stability. 

Note that you cannot drive the amplifier at HF at high frequencies (e.g. 100 kHz) without smoking 

the Zobel resistors – typically something you might try during bench testing - so make sure you 

disconnect the Zobel network when doing high power HF testing.  However, under normal 

operating conditions, there is not much energy above a few kHz, so this problem will never occur 

in practice (the Zobel  load resistor is rated at 6 W). A lot of effort was expended in making sure 

that the nx-Amp would be extremely robust, and able to drive any real world load.  As you will 

see a bit later, because of the loop gain and wide bandwidth objectives, I ended up with a ULGF of 

over 3 MHz (simulation), which is at the upper limit for an EF2 bipolar output stage design – for 

an EF3 like my e-Amp design something around 1~1.5 MHz is about as high as you can go whilst 

still preserving adequate gain and phase margin.  It would not be possible to be able to claim 

‘unconditionally stable with any load’ without adding the output coupling networks just 

described.  These ensure that the nx-Amp has plenty of gain and phase margin, despite the high 

ULGF, with any load. Extensive bench testing of the nx-Amplifier with capacitive loads from about 

500pF up to 2.2uF and load resistances from 2 to 15 Ω confirmed that it is unconditionally stable.  

 

The Zobel network is located on the PSU +Prot PCB and attached to the amplifier PCB via a cable. 

It is important that, other than initial HF testing into a resistive load,  the nx-Amp is never 

operated  without the Zobel connected when driving a speaker.  The Zobel is required for stability 

and must always be connected . 

 
8 Note that short circuit protection is not provided on the basic PSU board.  

http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
http://hifisonix.com/ovation-e-amp/
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Figure 9 - nx-Amplifier Clipping is Soft  

As can be seen from Fig. 9, the nx-Amp, like the sx-Amp, clips quite softly relative to some solid 

state designs, with a very smooth recovery as it exits overdrive. One of the things I have noticed 

about low open loop gain CFA topology amplifiers is that generally they exit clipping very cleanly, 

whereas often in VFA designs, often special precautions to deal with rail sticking are required.  

  

Protection.  For short circuit protection, the volt drop across a pair of emitter degeneration 

resistors (0.33 Ω 5W each) is sensed by R2, R7 and fed into the LED emitter of a random phase 

triac opto (U1 FODM3012).  At about 12~14 A peak, the opto-triac will trigger and latch, and the 

output, at J1 (SC) will clamp to the minus supply rail, disengaging the solid state loudspeaker relay 

on the power supply and protection board.  The response time to a dead short on the output to 

speaker disengaged state is about 50 µs – so considerably faster than the fuses (F1 and F2).  This 

protection mechanism is non-intrusive, unlike methods that sense the output current and then 

clamp the drive to the output stage, which is the conventional way of doing things.  After a short 

circuit trip, the amplifier power will have to be cycled  OFF until the power LED’s are completely 

extinguished, then ON again.  Given the 180 Watts on tap into 4 Ω, this will be a very rare 

occurrence for the most part.  Fuses F1 and F2 are rated at 5A and provide the last line of defense 

in case of gross failure of the output stage.  
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 Feedback and Compensation Components. The feedback resistor network (R12~R16) is made up 

of 5 off 0.5 Watt metal film resistors connected in parallel.  Since this is a CFA topology amplifier, 

the feedback resistor values are low and as a result the associated current through the resistors is 

substantial.  The combined value is 540 Ω which dissipates about 2 W when the nx-Amp is 

delivering 40 V peak.  The devices specified have low tempco’s, which minimizes thermal 

distortion, always a consideration for the feedback resistor in power amplifier. Its also important 

that these devices have low voltage co-efficient – luckily this is a feature of good quality metal 

film resistors,  so almost any reputable brand will be suitable.  

  

C7 and C13 should be decent quality silver mica, NPO ceramic9 or polypropylene capacitors. For 

the TIS transistors, stick with the KSA1381 and KSC3503, which are low Cob types especially 

suited to this function.  The nx-Amplifier is capable of delivering a first class listening experience, 

so my recommendation is you don't  skimp on these components.   

 
9 NPO ceramic capacitors are very good for this type of application and suffer from none of the problems 

associated with other ceramic dielectrics like XR5, Y5G to name two  
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3. Compensation Matters  
If you have read my other amplifier design write-ups at www.hifisonix.com, you will recall that I 

generally like to design with plenty of gain and phase margin in hand, both for solid technical 

reasons, and in my experience because amplifiers that are stable and can handle any real world 

load  sound better. Back in the early days of solid state, and before there was a clear 

understanding of how to really design a linear amplifier and how to compensate them properly, 

designers often applied excessive amounts of feedback in order to achieve low distortion 

figures.  In doing so, gain and phase margins were for the most part insufficient, and there were 

all sorts of stories about certain amplifiers requiring specific types of cable to sound right, or to 

remain reliable i.e. not go up in smoke due to HF oscillation that fried the output devices due to 

cross conduction – especially a problem in the old, slow output transistors like the  

2N3055/2N2955. Tube designs never seemed to have instability issues because the loop gains 

were lower – i.e. designers got away with simple compensation schemes which was especially 

convenient since the analytical tools like Spice that we have today were not available then.    

Compensation has a critical bearing on the performance and sound of an amplifier.  Get it wrong, 

and the finished design will be sub-optimal in every respect; getting it right is key to high 

performance.  

For the nx-Amp, I used LTSpice to explore the loop gain and phase in conjunction with practical real 

world testing on the bench.  

The nx-Amplifier is a CFA topology design and uses  Mark Alexander’s CFA compensation 

approach.  In the appendix of his application note, he discusses the technique of returning the 

compensation capacitor (C7 68 pF  in the nx-Amp) back to the feedback summing node (junction 

of R28 and R29), allowing the comp cap value in his specific design to be halved, whilst still 

preserving the overall loop stability, but with an improvement in loop gain phase and gain 

margins –  especially useful at HF. This looks a bit like MIC in VFA topology designs, but the 

operation detail is somewhat different if you look at the math.  

In the nx-Amp, if C7 is returned to ground in the conventional manner, it would need to be 

increased to 1nF to achieve the same ULGF.  Alternatively, the feedback resistor values can be 

increased (this is the recommended approach for IC CFA’s), but still maintaining the same ratio, 

such that if we keep C7 at the original 68pF but connect it from the TIS output to GND in shunt 

mode, the feedback resistors need to go to 4000 Ω and 111 Ω respectively.  Both of these 

options bring the needed stability, but at the expense of  slew rate and  HF loop gain.  Some CFA 

amplifier designs use Cdom around the TIS stage.  This works, but you need two caps in  

balanced design such as this one, and you can sacrifice slew rate if not careful.  

http://www.hifisonix.com/
http://www.hifisonix.com/
http://hifisonix.com/wordpress/wp-content/uploads/2012/09/The-Alexander-Amplifier.pdf
http://hifisonix.com/wordpress/wp-content/uploads/2012/09/The-Alexander-Amplifier.pdf
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Plot 1 - nx-Amplifier  Loop Gain and Phase into 8 Ω resistive load  

Plot 1 shows the ULGF locates at ~3.5 MHz (high and at the upper limit for EF2 designs) but still 

with nearly 80 degrees of phase margin in hand, while there is about 15 dB of gain margin.  L1 

isolates any load capacitance (cabling, speaker crossover) from the amplifier output stage. Now, 

it is possible to eliminate L1, but this would require that the ULGF be lowered, and the 

consequence of that would be less loop gain from 5 or 6 kHz to correct distortion, and less 

feedback to correct distortion at LF, where the response is flat.  I have experimented in the 

simulator with two pole Alexander compensation on CFA topology amps, and they appear to be 

stable, and you can gain another 8-10 dB of loop gain at HF – something to explore in more depth 

in a future design perhaps.  

  

Extensive practical testing with a wide range of capacitive loads confirmed that the nx-Amplifier is 

unconditionally stable with any output load from ≥ 3 Ω (the lowest value tested) in parallel with 

any capacitance from 50 pF through to 2 µF.  

  



Ovation nx-Amplifier: A 100 W RMS CFA Class AB Audio Amplifier  

  

www.hifisonix.com     Page 22  

  

  

Plot 2 - Gain and Phase Margin without L1 and 10nF Load Capacitance; without a reduction in loop gain, 

instability is assured with higher capacitive loads  

Plot 2 shows what happens when L1 is shorted out and 10nF of total capacitance connected to 

the output.  Still stable, but there’s not much room left before oscillation is likely to occur – just 

a few nF and peaking up above 10 MHz that’s sure to pop up above 0dB and cause stability 

problems. Certainly any lumped cable inductance is likely to reduce the chances of oscillation, 

but then you would need to be sure that you were not driving electrostatics or other heavy 

loads that would impact phase margin.  All of my amplifier designs can tolerate a wide range of 

capacitive loading because of the healthy loop margins, and the use of an output coupling 

network comprising L1 and associated damper resistor – in this case R9.  

Plot 3 shows an absolute worst case condition where the amplifier drives a 2 µF // 2 Ω load – 

something you might find on an electrostatic speaker for example (although the load impedance 

might not dip quite this low).  Without the coupling inductor, this amplifier would be oscillating, 

but 0.6 uH is sufficient to allow it to drive any conceivable load without compromising stability. 

The upshot of all this is that the designer can, if they so wish, apply more feedback at mid to HF 

to reduce distortion,  by setting the ULGF higher – as already noted, in the nx-Amp the use of 

the output coupling inductor allows  this to be set at >3 MHz.  

The notch at ~138 kHz is the resonant frequency of the load capacitance and the output 

coupling inductor.  R9,  and the speaker resistance, act to damp this somewhat, but when 

driving a real world load with  a square wave source, you still get ringing as depicted in Plot 4.   

Note that even in amplifiers that do not employ an output coupling network, ringing is also 

evident when measured at the speaker terminals, but usually at a higher frequency. Some 
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designers employ termination networks like the Zobel shown in Fig 13 (C7 and C8 and 

associated components) at the amplifier output and at the speaker terminals to reduce ringing, 

although the effectiveness of this technique has been questioned by some experts.  

  

Plot 3 - Worst case 2 µF//2 Ω Load with L1 in Situ   

  

  

Plot 4 - nx-Amp output across  8  Ω// 1 µF load with 25 kHz square wave input. The ringing is a consequence od 

the resonant circuit formed by the out inductor, cable inductance, cable capacitance and any speaker input 

capacitance. All amplifier outputs exhibit this ringing behavior on fast transients.   
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4. Power Supply and Speaker Mute Board  

Solid State Loudspeaker Relay (SSLR)  
Refer to Fig. 13. We will start off by looking at the operation of the solid state loudspeaker relay 

(SSLR) consisting of Q4 and Q5 – Q1 and Q2 for the other channel operate in exactly the same 

manner.  When U1 is in the OFF condition,  R8 (22 k) pulls the gates of Q4 and Q5 towards V- 

effectively removing their gate drive, and they are therefore OFF.  During the turn off event, D7 

(12 V Zener)  is forward biased, clamping the gate to the source of the mosfets to -0.7 V, 

preventing any high voltage reverse gate bias damage. R9 (3.9 k) provides a bleed-off path for 

any residual gate charge.  The turn-off speed is highly dependent upon the drive waveform to 

the gates and the source impedance, but in this design it is in the region of about 50 µs. To turn 

the SSLR ON  (or to ‘engage’ it) R10 (5.6 k) is pulled to V+ by the action of U1, which is controlled 

by the protection and delay circuits.  This forward biases the gates of  Q4 and Q5, turning them 

ON and connecting  the Spkr Return point to the power supply 0 V via the drain of Q5 which is 

connected to 0 V.  D7 clamps the gate-source voltage to 12 V, ensuring the mosfets are not 

damaged.  The turn ON time is about 25 µs. D13 provides simple diode steering, ensuring that 

short circuit protection (SC via J7) from U2 random phase triac opto on the amplifier board has 

priority when it clamps to V-.    

  

The SSLR in this design is implemented using  100 V TO220 Trench ‘NextFET’ technology devices 

from NXP (part number PSMN4R3-100PS) that feature an Rds(on) of 4.3 mΩ, for a total SSLR end 

to end resistance of under 10 mΩ. This is significantly lower than any readily available 

electromechanical relay, and the NextFet  solution can take some serious abuse – for example 

like cleanly switching fault currents as high as 50 A in <50 µs.  Further, since there is no contact 

wear out mechanism, long term reliability is further assured. Provided the operating envelope 

remains within the absolute maximum thermal and electrical specifications of the mosfets, 

these devices can switch speaker fault loads day in and day out, year after year – and that 

includes inductive dump, for which these devices are rated at over 500 mJ.  No 

electromechanical relay of similar size and cost can do this.  

  

Power Supply  
The split secondary windings from the transformer (See Appendix 2 for transformer specification) 

are fed in via J3 and J2 – J2 is the common point and is connected to 0 V.  A 20 A PCB mount 

bridge rectifier (D12) feeds two 22 mF  (22 000 micro Farads) 50V capacitors (C 6 and  

C 9), providing rectified and smoothed DC  out on dual Phoenix screw  connectors J5 (V+) and J4  

(V-), with the 0 V Ground connections at J1. Like the sx-Amplifier, the nx-Amp Zobel networks  

are mounted on the PSU board (3 x 33 Ω 2 W wire wound resistors in parallel along with 

associated 100 V film capacitors C7 and C8). R21, R22 and D10 and D11 provide power 

indication and bleed off of the capacitor charge when no load is connected. D9, also a 20 A 

http://www.google.co.uk/url?sa=t&rct=j&q=PSMN4R3-100PS+nxp+data+sheet&source=web&cd=1&cad=rja&ved=0CC8QFjAA&url=http%3A%2F%2Fwww.nxp.com%2Fdocuments%2Fdata_sheet%2FPSMN4R3-100PS.pdf&ei=4874UL7jEKeAiwKiooGgDg&usg=AFQjCNG5Dn2dKT-nEeOiFcQzfMY2eB5-yg&bvm=bv.41
http://www.google.co.uk/url?sa=t&rct=j&q=PSMN4R3-100PS+nxp+data+sheet&source=web&cd=1&cad=rja&ved=0CC8QFjAA&url=http%3A%2F%2Fwww.nxp.com%2Fdocuments%2Fdata_sheet%2FPSMN4R3-100PS.pdf&ei=4874UL7jEKeAiwKiooGgDg&usg=AFQjCNG5Dn2dKT-nEeOiFcQzfMY2eB5-yg&bvm=bv.41
http://www.google.co.uk/url?sa=t&rct=j&q=PSMN4R3-100PS+nxp+data+sheet&source=web&cd=1&cad=rja&ved=0CC8QFjAA&url=http%3A%2F%2Fwww.nxp.com%2Fdocuments%2Fdata_sheet%2FPSMN4R3-100PS.pdf&ei=4874UL7jEKeAiwKiooGgDg&usg=AFQjCNG5Dn2dKT-nEeOiFcQzfMY2eB5-yg&bvm=bv.41
http://www.google.co.uk/url?sa=t&rct=j&q=PSMN4R3-100PS+nxp+data+sheet&source=web&cd=1&cad=rja&ved=0CC8QFjAA&url=http%3A%2F%2Fwww.nxp.com%2Fdocuments%2Fdata_sheet%2FPSMN4R3-100PS.pdf&ei=4874UL7jEKeAiwKiooGgDg&usg=AFQjCNG5Dn2dKT-nEeOiFcQzfMY2eB5-yg&bvm=bv.41
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bridge rectifier, provides a ground lifter function, and this can be useful in breaking ground 

loops in systems that suffer from hum.  You can see a detailed write up on this subject here 

‘Ground Loops’ 

  

  

Figure 10 - An Early Prototype of the PSU +Protection Board  

  

DC Protection and Speaker Muting  
The second set of functions provided by the board is DC detection, speaker muting and output 

short circuit shutdown.  For DC detection, the output from the amplifier is wired into the 

protection board via J10 (mini 2.54 mm pitch 3 way Phoenix screw terminal block).  R13 and R14 

(22 k) provide pull downs to ground, while R15 and R16 (100k) along with C4 and C5 form a low 

pass filter (-3 dB Fo ~0.15 Hz), with D8 bridge rectifier arranged to provide a clamp of +- 1.2 V.  The 

output of the filter feeds into Q6 and Q7 active rectifiers.  If the DC potential across C4 + C5 goes 

+ve by about 1 V wrt 0 V, Q7 will turn on, and likewise, if it goes –ve 1 V across C4 + C5 wrt 0 V, Q6 

will turn on.  In the event of the output of the amplifier going to one of the rails due to a 

catastrophic failure, this filter and the protection circuit would disengage the speakers in about 10 

ms.  With a 1 V DC offset, the protection triggers in about 800 ms.  Due to the circuit 

configuration, the gains from the two transistors are not symmetrical, with the positive detection 

http://hifisonix.com/ground-loops/
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via Q7 being much more sensitive, since it is operating in common emitter mode with high gain, 

while Q6 operates in common base mode where the current gain is ~1. This is remedied 

somewhat by ensuring the collector load of Q6 and Q7 is high and tied to a high supply voltage (V+ 

in this case, which is at the main supply rail voltage up at over 45 VDC) via U3, which is a 100 k 

PNP RET (NXP part type PDTA115ET). If DC on the amplifier output is detected,  U3’s output 

switches HIGH, pulling NPN RET U2 (NXP PDTC144ET) output LOW and shunting the gate of Q3 

(2N7002) N-channel mosfet LOW via R1. This in turn switches 10k PNP RET U1 (NXP PDTA144ET) 

OFF, removing drive from the SSLR.  These SSLR’s  are connected to the speaker ground return line 

via J9, a Phoenix twin screw connector.  This mosfet gate drive approach makes for a simple, neat 

way to switch the speakers without recourse to opto’s which is the more normal way.    

 

 

Speaker switch ON/OFF  

muting is provided by the 

delay circuit built around Q3 

(2N7002) and associated 

components connected to its 

gate.  The secondary AC is fed 

via C3 into a half wave rectifier 

(D4 and D5); C2 (1 µF poly) 

provides some initial 

smoothing, and R7 (20 k) a 

light load, with D17 (4V7  

Zener) providing clamping. This 

then feeds through R6 (100 k) 

into C1 (100 µF 50 V).  The  

Figure 11 - Work on the Prototype nx-Amplifier    switch on delay with this 

configuration is about 4~5 seconds after which Q3 switches on, engaging the SSLR’s. When 

AC power is removed, C1 discharges rapidly via D3 (BAS21H) and R7 in about 500 ms, 

disengaging the SSLRs .  In both power up and power down cycles therefore, any speaker 

thumps are removed.   

  

J7 (marked ‘SC’), a dual screw terminal Phoenix connector, provides a short circuit detect input.  If 

this input is pulled to V-, it immediately disengages the SSLR.  On the nx-Amplifier, the  opto triac 

is used to detect the output current, and if greater than about 12-14 amps, it will latch on, 

clamping  SC to V- and turning the speakers OFF.    
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However,  note that with the SSLR approach shown here wherein the return line of the speakers is 

switched, if the speaker hot line is shorted to the chassis, the SSLR is effectively bypassed, and no 

protection other than the amplifier board fusing is provided.   

  

  

  

  

 

Figure 12 - 500 VA Power Transformer  



 

 
  

  

Over current  

Trip input   

Solid State  

loud speaker  

Relay 

Protection   

Figure  13   -   PSU +Protection    V2.0  Board Circuit Diagram   

Power Supply 
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With this over current protection scheme, you can short the speaker output of the nx-Amplifier when driving full 

power, and the SSLR  disengages the speaker within a few 10’s of microseconds;  on a relay based protection set-up 

that does not incorporate current limiting  the relay will likely be damaged, or worse, the  amplifier output stage 

devices are likely to self-destruct before the fuses open.  As mentioned above, the peak amplifier output current 

under these conditions is in the region of 12~14 amps, but because the protection circuitry and SSLR react so quickly, 

the 5 A rail fuses remain intact. R27 (2.7 k) and D15 LED provide speaker enable indication; note however, if the SSLR 

disengages due over current, this LED still remains illuminated, but D16, a small SMD LED mounted on the PCB , will 

also illuminate. I have included these LED’s because they make debugging and fault assessment much easier – 

besides, LED’s look good.  

  

It is important to note here that the triac-opto used here (FODM3012) is a random phase triggered type. Zero 

crossing types will not work in this circuit because for example, if the amplifier output is shorted to one of the rails, 

say in the case of an output stage device failing, it will not get the opportunity to pass through 0 and therefore allow 

the triac to latch.   

 

Figure 14 - nx-Amplifier board and PSU +Protection  

Some constructors of the earlier V1.0 nx-Amp PSU +Protect board encountered a few problems with the mute circuit 

not engaging after applying power.  In recognition of these issues,  I  changed  C3 from the original 0.47 µF  to 1 µF 

and R6 from 330 k to 100 k on the V2.0 board.  Although my 3 V1.0  prototype boards worked perfectly with the 
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original values, it’s clear the value selections were somewhat borderline.  Note that for the delay circuit to work 

correctly with the values shown, the secondary AC voltage needs to be between 30 and 34 VAC.  Anything below this, 

and the value of C3 will have to be increased – the best solution is to wire a 2nd 1uF cap in parallel with C3 

underneath the PCB.    

  

One builder, Bill_P, from the USA solved the problem of the SSLR not engaging by increasing the value of R7 from 

5.6k to 22k.  I have incorporated his suggestions into the V2.0 boards, as well as his suggestion of changing U1 to a 

PDTA144ET (47k internal resistors) to limit the dissipation, which was an issue with the original device I selected.  

(Thank you Bill_P!) 

  

Here are a few notes to help you with debugging:-  

  

1. For initial testing, hook up the PSU +Protect board but do not connect the amplifier boards yet.  

2. Apply power and  check that the SSLR engages after about 5-8 seconds (D15 should illuminate)  

3. If it does not, then make sure that the voltage on the collectors of Q6 and Q7 is at V+  (this will be the 

main rail voltage  up at about +50 V). If not, power down and then lift R1 (100 Ω SMD resistor) after which 

you can power up again.  If the SSLR then engages,  there is a problem in the DC detect circuit.  Check to 

make sure that Q6, Q7 and the circuit in front of it is operating correctly.  Of course, also make sure that 

there is 0 V DC voltage at J10  pin 1 and pin 3.  

4. If lifting R1 does not solve your problem, you need to look at the delay circuit.  

5. The 2N7002  (Q3) is specified to turn on at 2.5 V max (250 µA drain current) and some devices will already 

turn on at 1V.  Ideally you should measure 3 V and higher at the gate of Q3.  Of course D17, a 4.7V Zener,  

will clamp the voltage so you should not be measuring more than 4.7 V +-5%.  

6. Note that it is important that you have the RET’s  (resistor equipped transistors) installed in the correct 

locations – U1 is a PDTA144ET  which provides a 47k load to Q3 – make sure you have not accidentally 

installed Q3 (100 k PDTA115ET) in this location because you are likely to get problems (the SSLR mosfets 

will not switch on hard enough - this will cause distortion and they will also run hot)  

7. If the gate voltage is correct per 5 above,  but you still don’t see the SSLR engaging,  measure the voltage 

at the drain of the 2N7002 Q3.  If it is not at 0 V,  the mosfet or delay circuit has a problem.  If the drain is 

measuring close to the v+ rail (so,  up near 50 V), its clearly not switching on.  

8. To make sure that the problem is not after the gate of Q3,  you can short drain of Q3 to 0 V (just switch 

your meter to current and then put the probes across 0V and the drain of Q3).  If the SSLR then engages, 

you know that everything after the gate of Q3 is ok – your problem is on the gate side of Q3 – again, if 

you are measuring 3 V or higher at the gate of Q3,  your mosfet is probably damaged.  

9. Once your PSU +Protection board is working (NB – don’t forget to reconnect R1 if you lifted it!)  you need 

to do the following tests:-  

a. Power up the board and let the SSLR engage.  Switch your DVM to Ω and measure across each 

of the SSLR’s.  You should measure 0 Ω.  To double check that the gate drive is correct, measure 

across D1 and D7 – you should measure ~12   in each case   

http://www.diyaudio.com/forums/members/bill_p.html
http://www.diyaudio.com/forums/members/bill_p.html
http://www.nxp.com/documents/data_sheet/2N7002.pdf
http://www.nxp.com/documents/data_sheet/2N7002.pdf
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b. Next, take a 1.5 V AA or AAA cell (make sure they are new and measure the correct terminal 

voltage).  Connect the cell across J10 pin 2 ( this is 0 V) and pins 1  and then 3.  In both cases the 

SSLR should disengage. Note, it may take up to 1 second – this is perfectly ok with a 1.5V offset.  

Now turn the cell around and redo the test - the SSLR should disengage after about 1 second. 

This s the low voltage offset test.  

c. Finally, use a 1k resistor and connect J10 pin 1 directly to V+ - the SSLR should disengage almost 

instantly;  then connect it to V-  and you should get the same result.  Repeat the test on pin J10 

pin 3 – you should get the same rapid disengage result on both V+ and V- (Be careful not to 

short pin 2 of J10 to V+ or V- that’s why you should use the 1 K resistor).  

  

This completes the testing of the PSU +Protection board.   
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5. Construction, Parts Selection and Matching  
Both the amplifier boards and the PSU + Protection board utilize some SMD components.  I did this because they are 

convenient, save a lot of space and in the case of the bias spreader (Q3 BC847C on the amplifier boards), required for 

good thermal compensation. To solder SMD devices, you will need a good quality, fine tipped soldering iron, and a 

pair of fine tipped tweezers and some 1 mm or less diameter solder.  Take a look at Dave’s EEVblog Youtube video 

here for some inspiration and guidance.  Once you get the technique, soldering SMDs' is great fun and placing SOT23 

or tiny SC457 parts neatly can be quite cathartic.    

  

Figure 15 - Top and underside view of the nx-Amp PCB assembly prior to mounting the TO-126 devices  

Each channel of the complete nx-Amplifier,  as shown in Figure 4 and in the Fig 15 photograph above, is constructed 

on a small PCB.  I like to sandwich the output devices between the PCB and the heat sink,  but in this design,  to keep 

the board as small as practicable, the devices simply connect to the edge of the board – note however that the PCB 

actually rests on the edge of the packages of the output devices, so they effectively act as spacers.  All connections to 

the board are via 5 mm push on tabs, except for the input connections where I used a small 2.54 mm pitch Phoenix 

screw terminal connector, which allows for easy removal if you ever need to service it.    

To start off, mark the holes on your heatsink using the finished boards as a guide.  Drill and tap to M3.  Take care with 

this procedure as breaking off a tap in a heatsink generally means you have to scrap the heatsink, or move the 

location of the PCB – either way, it's a botched job, so take extreme care.  

For assembly, you should start with the SMD components first on all the boards (both sides), followed by the 

conventional resistors then capacitors and finally the small signal transistors, but NOT any of the power devices 

http://www.youtube.com/watch?v=b9FC9fAlfQE
http://www.youtube.com/watch?v=b9FC9fAlfQE
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including the TO-126 drivers and TIS transistors. Once this is done, and you have checked your work against the 

circuit diagram and component overlay, you can proceed to fitting the power transistors as described below.   

To mount the TO3P power devices, start by bending the leads at 90 degree angle 

as shown in Fig 17. Now mount the power devices onto the heatsink in their 

correct locations wrt the PCB, screwing them in place, but not tightly at this 

stage. Next, carefully fit the PCB in place. This is quite tricky, because you have to 

align the holes on the PCB with the transistor leads which are facing up at 90 

degrees.  Once in then place, make sure the transistors are nice and straight and 

then screw them firmly in place (i.e. so they don't  move); next screw the PCB in 

place via the mounting holes – but make sure the PCB is not flexed in any way –  

you simply want to keep it in place for the next operation.  Your board should  

Figure 17 - TO3P Lead Bend  
look like that in Fig. 16. Now solder the transistor leads in place.  Apply some  

pressure near to where you are soldering to ensure the PCB is seated flat on the  

power device case, which acts as a spacer – 

see Fig 19.  During this process, make sure 

the PCB is neatly aligned with the power 

devices and they remain orthogonally 

oriented with respect to the PCB.   

     

Figure 16 - PCB + Heatsink assembly prior to soldering the power devices  
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Now neatly clip the excess lead length from the soldered 

power devices; unscrew all the power devices and the PCB 

and remove the assembly from the heatsink.  Next, bend 

the leads of the TO-126 devices at 90 degrees, (See Fig 18) 

making sure the distance between the device mounting 

hole and the lead bend is the same as the distance between 

the heatsink mounting hole and PCB holes where the leads 

will go into. Generally, this means bending them at the pin 

shoulder, as shown in Fig 18. Mount the TO-126 devices on 

the heatsink, making sure they are in the correct location 

wrt the PCB and are aligned to accept the PCB.  Put your 

heatsink washers underneath the main output devices (this 

is important, so do not skip this step). Carefully align the  

Figure 19 - Apply pressure to PCB when soldering                    PCB over the TO-126 devices so that the leads protrude 

through the PCB holes.  Screw the PCB in place via the power devices and the PCB locating holes.    

Check to see that the TO-126 devices are absolutely flat and flush on the PCB – you may have to apply a bit of  

pressure on their cases using a screw driver to ensure this, 

after which you can solder them in place.   

The finished PCB should look like Fig 20, which are now 

nearly ready to be mounted on their  heatsinks in 

preparation for testing.   I do not recommend that you 

mount untested boards in your chassis – fully test all of the 

boards, do any necessary debugging, and only after this 

move  to final assembly and wiring.  

  

Figure 18 - TO-126 lead bend  
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Figure 20 - nx-Amp Completed PCB assembly – the RHS board has yet to have the TO-126 leads trimmed in this view  
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Figure 21 - Power supply connection details  
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Figure 22 - Power Transformer secondary hookup wiring  

  

The simplicity of the nx-Amp means,  other than the power supply and housing,  the amplifier boards can be built for 

around $40 each, and the PSU+Protection board for about $45, excluding  the PCB. For a standard power supply for a 

stereo configuration,  you can factor in about $120 for a 500 VA transformer rated to deliver c. 180 W into 4 Ω per 

channel from somewhere like Digikey or Mouser. I had the transformer for this amplifier wound by  Power Star in 

Taiwan which I specified at 34-0-34 VAC, with a screen and belly band at a very reasonable $85.  This company have a 

good name amongst the audio fraternity in Taiwan, and they will also provide steel caps for the transformer and 

encapsulation of you so wish, but this will add another $60 or $70 to the cost. Unless you are creative and practical,  

housings will always be the most expensive part of a project like this,  so another option is to go for a ready made off 

the shelf chassis from Modushop  or Fischer with integrated heat sinks – but this is going to set you back about  $200,  

to say nothing of the shipping costs.  I  discovered that there are quite a few kit houses operating out of Hong Kong 

that sell pretty decent looking housings,  and they take Paypal – this is yet another option.  In my case,  I purchased 

the housing from Tang Hill in Taipei and it has integrated heatsinks which are good for about 80W dissipation per 

channel continuous and make a great choice for this design.  Make sure you specify a stereo version if you go down 

this route.  Be warned, this is a fiddly housing to assemble and the holes don’t all line up exactly as they should.  

http://www.power-star.url.tw/yellowpage/product.html
http://www.power-star.url.tw/yellowpage/product.html
http://www.thlaudio.com/indexE.htm
http://www.thlaudio.com/indexE.htm


Ovation nx-Amplifier: A 100 W RMS CFA Class AB Audio Amplifier  

  

www.hifisonix.com     Page 38  

  

I cannot stress how important it is that great care is taken with the mains wiring.  The chassis absolutely has to be 

earthed solidly, and on the mains side, a 2 A fuse in a good quality chassis mount fuse holder is required.  No mains 

connections inside the amplifier should be accessible with a finger or screwdriver – I used a high quality terminal 

block and heat shrink tubing to ensure all wiring was fully covered and insulated. Again, I would point you to Rod 

Elliot’s fantastic web site which covers earthing and mains wiring in quite some depth. Do not take risks with mains 

wiring.  

Fig. 23 overleaf shows the wiring set up I used.  Here are a few tips:-  

1. The phono socket grounds must NOT make contact with the chassis. You can check this by measuring 

between the outer collar (which is the phono ground) and the chassis before you start wiring up.  It should 

read open circuit on your meter.  If the socket ground does make contact with the chassis, it will cause hum 

and noise.  Ground connections from the phono sockets must go to the amplifier PCB’s only.  

2. You should have one, and only one, ground connection to the chassis (item #15 in Fig 23). If you have 

multiple connections (i.e. different earth points on the chassis), you will get hum and buzzing noise.  

3. Never use the transformer mounting bolt as a ground connection point – no matter how convenient is looks.  

You will get severe hum and buzzing noise if you do this.  

4. Once you have wired your amplifier up and tested it,  but before you neaten the wiring up and put cable ties 

on, connect a pair of headphones to the output.  You should hear no hum or noise.  If you do (and it should 

be at a very low level), try moving the cable bunches around until you find a ‘null point’.  Secure the cables in 

position and then cable tie them up.  

5. For the best noise performance, I always recommend, if you can, to get your transformer wound with a 

screen (which you should connect to the chassis ground point (#16 to #15 in Fig 23) and a belly band. A belly 

band is screen that goes around the outside of the transformer and significantly attenuates  radiated noise.  

6. Use good quality multi-strand wire.  For the supply and speaker connections, I generally use 2-2.5mm 

diameter (here I am talking about the actual multi-strand copper cross section).  For the control connections, 

1 mm multi-strand cross section cabling will do.  

7. Keep the input wiring well away from the speaker and supply wiring  

8. Use a good quality screen cable for the input phono socket to nx-Amplifier board connection.  As a general 

note, there is a noticeable difference in hum and noise reduction between cheap ‘bunched’ interconnects 

and the stuff that uses proper braiding.  This might well explain the difference in cable quality reported by 

some audiophiles.  

9. Make sure you have a solid earth connection from the 3 pin IEC socket (item #9 in fig. 23)  to the chassis – 

this is vital for safety reasons.  Make sure the ground connection from the PSU +Protection board to the 

chassis is also solid (item #17 in Fig. 23). 

http://sound.westhost.com/earthing.htm
http://sound.westhost.com/earthing.htm
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Figure 23 – nx-Amplifier Wiring Diagram. 

  

  

Amplifier modules shown flat for clarity – normally they would be mounted vertically on the heatsink 
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 Component Matching.  To get the best out of the nx-Amp (and any CFA for that matter), a bit more care is required 

during the build process around component matching.  Since the loop gains are lower at DC, and the requirement to 

use low feedback resistor values, AC coupling of the feedback network is not a viable option, unless you are prepared 

of course to use huge capacitor values.  Since the nx-Amp is all DC coupled and does not use a servo, its important 

that steps are taken to minimize drift and output offset.  Further, this is a fully balanced design, so if some effort 

match the critical components is taken, the distortion will be minimized.  

  

The following component pairs should be matched   

  

• Q8 and Q10  (diamond buffer transistors)  

• Q9 and Q11  (diamond buffer level shifters)  

• Q6 and Q7 (TIS transistors)  

• D4 and D3 (10V Zener Regulators)  

  

For Q8 through Q11, match hFE to within 5% or better, and Vbe to within  5 mV – in both cases, tighter is better.  This 

is easily done if you buy a bag of these devices and then sort first for hFE,  and then after that group by Vbe.  

  

For Q7 and Q8, match hFE to within 15% and Vbe to within 10 mV - if you can, tighter of course is also always better.  

  

The Zeners are available as 1% and 2 %  - I would recommend you purchase 1% types and then match more tightly if 

you can.  I’ve checked  a batch of 10 V Zeners and gotten matches to within 20 mV – i.e. 0.2%.  

  

I do not specifically recommend that the resistors are matched.  Nowadays, if you buy a reputable brand, the 

matching in general is extremely good – this is as a direct consequence of course of the improvements in processes 

and process control over the last 30 years or so in passives – and semi’s are generally also very good in this regard.  

  

Now, let me also add that if you do not match any of front end components, your amplifier 
will still work: matching though, really ensures that you get every last ounce of performance 

out of the design.  However, note that you must always use the same gain grade for the 
transistor pairs.  

  

In section 5 ‘Testing and Setup’ step 18 requires that you measure the voltage drop across R32 and R33, the 1 k level 

shifter  load resistors.  If the front end components are reasonably well matched, and all the resistors are the correct 

value, the drop across the load resistors should be the same at 1.2 V +- a few mV.  This is an important test, because 

it tells you immediately if you have a problem on the front end.  

  

For hFE matching, I recommend you buy an hFE tester, or one of those DMM’s that offer this feature – I’ve seen them 

offered for as low as $25 on Amazon.  
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Note, I did not match the output stage emitter degeneration resistors (0.33 Ω) which are specified at 5%.  This will 

result in a small imbalance in the output stage quiescent currents, but not enough to cause any problems – see 

section 5 for more details on this.    

6. Testing and Setup  
Once the heatsink and PCB assemblies are completed and thoroughly checked, follow the procedure below before 

wiring up the amplifier modules to the PSU.  You will need the following equipment: a DVM capable of reading DC 

current up to 1A or more, voltage ranges covering 200 mV and up to 200 V FS, along with  2 off  1 A fuses. Make sure 

your amplifier boards are mounted on their heatsinks before starting this procedure. DO NOT POWER UP YET  

1. Using an Ohmmeter,  adjust the Iq  (R6 on the amplifier circuit diagram) potentiometer for a reading 

of  1k – i.e. maximum resistance. This sets the output stage quiescent current to minimum.   

2. Set your meter to the low Ω’ range, and make sure that there are no shorts between the output device 

heatsink tabs and the heatsink.  If there is, you need to resolve it before moving on 3. Next, connect 

the first amplifier module to the PSU - +, - and 0V  

4. Insert a 1 A fuse in the –ve rail fuse holder.  

5. Using croc clip connectors, connect an ammeter across the +ve fuse holder  

6. Apply power  

7. The ammeter should be reading about 50 mA  

8. Slowly adjust the Iq pot until you get a reading  of 300 mA – this sets the output bias to 125 mA per pair  

9. Next, turn the power off, and wait for the PSU LEDS to fully extinguish.  

10. Remove the ammeter, and put 1 A fuse in the +ve Fuse holder  

11. Re-apply power  

12. Next, set your meter to the mV range, and connect the –ve lead to the speaker output using a croc clip lead.  

13. Now measure directly on the emitter of each of the output devices.  The readings should be 42 mV +-5 mV 

for the NPN devices (Q2 and Q5) and -42 mV +- 5 mV on the PNP devices (Q1 and Q4).  If necessary, tweak 

the Iq pot to get the correct readings (take the average – there will be differences between pairs due to hFE 

spreads and emitter degeneration resistor value tolerances.  However, If the readings deviate substantially 

from  the c. 42mV figure when you initially measure,  you need to check R24-R26 and your soldering joints.  

14. Next, connect your meter between the output and 0 V.  Set the meter initially to the 2 V range.  

15. You should get a reading of between +-0.5 V, although in some cases it can be lower than this.  If you are 

reading more than +-1 V, you have a problem.   

16. Adjust R3, the OFF ADJ potentiometer for a reading of  +-5 mV  

17. Repeat the above procedure steps 1-16 for the second amplifier module.  

18. Next measure the volt drop across R32 and R33.  Exercise extreme caution – if your probe slips and you 

short to the surrounding tracks, you will blow the front end up. You should measure 1V +-100mV.  Any 

deviation greater than this you need to: a.) check that all the front end resistors are the correct value b.) did 

you match the front end transistors? c.) are the TIS transistors the same gain grade? d.) are the Zener 
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regulators 10V and within 100 mV of each other e.) are TIS degeneration resistors R30 and R31 the 15 Ω 

each?  

19. Next, power down and replace the 1 A fuse with a 5 A fuse, and connect a resistor load of between 6 and 8 Ω 

between the output and the PSU 0 V. Connect a signal source and drive the amplifier module until the  

heatsink is hot (~50 °C).  Keep your Ammeter connected in series with the V+ power connection to the amp 

module but with a short across the leads (use a croc clip)  

20. Periodically check the quiescent current by muting the signal source and un-shorting the ammeter.  You may 

need to adjust Iq to keep it in the region of 300 mA an  

21. When the heatsink has reached its final temperature, the Iq must be 300 mA with the signal source muted    

22. Finally, with the signal source muted, adjust R3 OFFSET ADJ potentiometer for 0 mV across the speaker 

output while the heatsink is still warm.  

Repeat the process (steps 18-21)  for the second amplifier module.  

With both modules and the PSU board tested and working  you can now proceed to wire the amplifier up.  Stick 

closely to the wiring configuration shown in Fig. 18 - this has been optimized for lowest hum.    

The final testing phase can now begin.  Before plugging into the mains socket and with no speaker or input 

connected:-  

1. Fit the amplifier boards with 1 A fuses again – these will be changed after confirming  there are no problems.  

2. Use a croc clip to connect the EARTH pin on the mains receptacle on the rear panel to the amplifier chassis – 

this bypasses the ground lifter.    

3. Set your meter to low Ω scale and check that there are no shorts to ground between either the LIVE or 

NEUTRAL lines.    

4. Next,  ensure that there are no shorts between V+ and V-  on the amplifier boards to ground. Check there are 

no shorts from the amplifier PCB speaker output to ground.   

5. Measure between the amplifier 0V and the chassis.  You should record a short.  

6. Remove the croc clip connection you made earlier between the mains receptacle EARTH connection and the 

chassis  

7. Measure between the amplifier boards 0 V and the chassis.  You should measure 22 Ohms.  Swap your meter 

leads around and measure again – you should also read two diode drops. This confirms that the ground lifter 

is wired correctly. If you do not measure this, you have a wiring problem – go back and check.  

8. Plug the amplifier into the mains and apply power.  Check that the amplifier V+ and V- supply is in range after 

the fuses on the boards (this to ensure that the fuses are still intact.   

9. Use your meter to confirm that the voltage reading between the speaker terminals is within +-10 mV  

10. If all is ok, power down and unplug the mains cable.  Wait for the power LED’s to completely extinguish.    

Replace the 1 A fuses with 5 A devices.   
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11. Power the amplifier up again.    

This completes test and assembly - the nx-amplifier is ready for use.  
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Never use the transformer mounting 

bolt as a place to make an earth 

connection.  You are in effect placing a 

1 turn transformer winding in series 

with the ground connection and this 

will generate significant amounts of 

hum.  The picture on the right is of a  

commercially available DAC that had to 

have the earth connection re-wired in 

order to remove the hum. Further, 

since the bandwidth of toroidal 

transformers is extremely wide, you 

will also probably be coupling all sorts 

of HF mains hash (i.e. noise)  into your  

amplifier ground  

 

 

 

NO! 
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6. How do they Compare?  

With the completion of the nx-Amplifier, I now have 5 amplifiers to compare – the original amp I built in 2007, the 

Ovation 250, Ovation e-Amp built in June 2012, sx-Amp built in September 2012, and the 2013 nx-Amp.  Of course, I 

still have the Marantz PM7000 integrated.    

The sx-Amp was quite an eye-opener in terms of sonics.  As I mentioned in the write-up on that design, 15 W (28 W 

peak in class A)  goes surprisingly loud and this of course is very dependent on the loudspeaker efficiency.  The other 

surprising characteristic of the sx-Amp is the smoothness of the mid-range and top end along with superb imaging.  A 

family member who has quite some experience in the recording studio and with high end B&W 801’s and 802’ 

remarked that the sx-Amp sound was remarkably good  (‘wow – that does sound good’) and this is from a design that 

is not low distortion. I am happy to report that the nx-Amp is as good as the the sx-Amp in mid and top end 

smoothness and imaging.  Where it does excel of course is in scale, and it can pull off big orchestral pieces and rock 

music a bit better than the sx-Amp can.  This of course is primarily a reflection of this amplifiers greater power and 

dynamic range.  Like the sx-Amp, the bass is very crisp and well formed.  

The Marantz PM7000 overall sound is polite and the bass is decidedly rounded compared to the other designs here. 

Imaging is not at the level of the other amplifiers, where it displays a much narrower left to right and back to front 

sound stage, but the tonal character is smooth and fluid.  I did some experiments on this amp, listening to the pre on 

its own and then as an integrated (i.e. the Marantz power amps driving the speakers). The pre on its own is good and 

the tone controls are nice and smooth – the power amp section in my view really lets it down though. Let me add 

here that it’s easy to criticize a product like this, but we have to remember, this is a $500 (about GPB 450 in the UK) 

mass market amplifier that still does a great job for the money. It looks good too. I’d say it is unfair to put it up 

against the amps here which have better performance specifications and very substantial power supplies and expect 

a different result.  

The two big amplifiers (The Ovation 250 and the e-Amp) cannot be matched for scale, bass grip as would be expected 

and the sound staging is superb, while the sx-Amp, despite the 0.1% distortion rating (measured), has a very 

beguiling mid and top end that suits small scale orchestral and acoustic music. I’d give it top marks is this area (at low 

to moderate volume levels), but only just, over the Ovation 250 and Ovation e-Amp.   

Between the e-Amp and the Ovation 250, there are clear sonic differences.  The Ovation 250 has a darker, more 

rounded sound than the e-Amp, which to my ears has a crisper, snappier sound.  Which one do I prefer? I can’t really 

say, because they both sound good to me ears. That said, to date I have only experimented with high loop gain and 

TMC on the e-Amp and will need to assess the sound in the other jumper selectable compensation modes – Miller 

with low loop gain.  

So, where does this leave the nx-Amp?  It does the scale and bass thing very well, in this regard lying clearly 

somewhere above the sx-Amp but well below the big amplifiers as expected.  Imaging – something that I consider 

critical in any audio system -  is however very good by any standards and matches the other amplifiers.  
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I am extremely pleased with the final result because the design effort to go from the superb sounding 15 W sx-Amp 

to the 100 W nx-Amp was minimal for what has turned out to be a wonderful sounding amplifier despite the  low 

expenditure on parts.  

What next? Well, I cannot go on filling my house with power amplifiers, and I have enough of a range of them now 

for some serious comparisons.  My next project is a return to something I last did in the late 1970’s: a pre-amp with 

tone controls which you can read about here The Ovation Symphony Preamplifier (completed in late 2014). 

  

  

Figure 24 - The nx-Amp undergoing listening tests  

  

  

http://hifisonix.com/ovation-symphony-line-preamplifier/


Ovation nx-Amplifier: A 100 W RMS CFA Class AB Audio Amplifier  

  

www.hifisonix.com     Page 49  

  

Appendix 1 – BOM List for nx-Amplifier Board V2.0 November 2014  

 

 

 

Any gain grade can be used, but both 

devices must use the same gain grade.  

Note, you may have to shop around to 

get the same gain grades  
 

  
KSA1381/2SA1381   

  
  

KSC3503 /2SA3503 

  
L1 coil:  10   turns of  1.6 mm   thick solid copper wire on 10mm former. Total outside diameter of coil is 14.25mm and total length  

is 17mm.   Inductance is 0.6 uH   
  
Note:  the table above shows quantities for ONE amplifier PCB only.  For a stereo amplifier, the quantities must be doubled.   
  
The se are the    KSA1381 and KSC3503 gain grades.     

See note  

below   

R36, R37   150   Ohm    W MF 0.5   2   44   

45   2      120 Ohm  0.5 W MF   R28, R29   
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Appendix 2 – BOM List for PSU+ Protection Board V2.0 November 2014  
   

 

  
  
Transformer Specification:   Primary – 2 x 115 VAC   
        Secondary – 2 x 34 VAC  
        Regulation 5%  
        Max. no load DC output voltage of PSU is +-50 V  
        For custom wound devices, specify a screen and a belly band  

  

Note: you only need ONE  PSU +Protection board PCB per stereo system for the nx-Amplifier  

PDTA144ET   

R27   k 10   1   43   
42   

k 22   1   

771 - 215 N7002BK 2         SOT23 Package ( )   
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     Appendix 3 - Transistor Pin-outs 

B 
E  

BC847 and 

BC857BC847   
KS3503/KSA1381 

2N7002 

BC547, 557, 546, 

556 
FODM0311 

BAS21H, BAV99, 

BAT54 

PDTAxxxx and 

PDTCxxxx RET’s 
NJW1302, 

NJW3281 

C 
B 

C 

E 

D 

S 

G 

A C 

B 

C 

E 

A 
C 

MT 
MT 

E 
B 

C 

C 
E 

B 
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Appendix 4  - nx-Amplifier V2.0  Component Overlay  
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Appendix 5 – PSU +Protection Component Overlay   
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Appendix 6 – Basic PSU Component Overlay  
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Appendix 7 – Attaching a Volume Pot to the nx-Amplifier Input  

 
  

Quite a few people have asked me how to connect a volume control potentiometer to the input of an nx-Amplifier 

(the technique shown here will work equally as well on the sx-Amplifier) - the diagram above explains how to do it 

correctly.  If you just wire up a pot to the front end, you will interfere with the amplifiers frequency response as the 

source resistance of the pot changes with various wiper (i.e. volume) settings, and secondly, you are likely to get 

‘pot scratch’ noise as the amplifier bias currents flow between the track and the wiper. If your source has a DC 

offset, this will also cause pot scratch noise – the assumption here is that the source  has no DC offset, or only a few 

mV worst case in which case there will be no problem.   

  

In the diagram above, the amplifier bandwidth limiting filter is removed from the PCB and placed in front of the pot, 

filtering RF out and limiting the upper response before the potentiometer. A 20 uF bipolar  capacitor keeps IP stage 

bias currents out of the pot, minimizing pot scratch noise.   Replace R10 on the PCB with 33k  - this ensures that the 

load on the potentiometer is not too high, as would be the case with the original value of 10k. Do not use a higher 

pot value than 10k – and a lower value like 5k is better still, although you do have to consider the load on the driving 

source.  For modern CD players, DAB tuners, music servers, iPods and so forth, 5k is quite ok,  but if you are feeding 

the nx-Amp from a tube stage, you will need to buffer it first.  

  

Very Important: Make sure you keep the input wiring, the wiring around the pot and the connection from the pot to 

the amplifier PCB’s WELL AWAY from all other wiring to avoid hum pickup.  

  

Finally, if you cannot get hold of a bipolar cap, you can make one up using standard electrolytics as shown above.  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

How to make a 25uF bipolar  
Capacitor from 50uF electrolytics .  
Use a good quality film cap for C3   

Change  R10 on  
PCB   to 33k   

To amplifier pin 1 or 3   

To amplifier pin 2   

See Fig 4. Page 11    
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Ovation nx-Amplifier Document History  

 

February 2013  Initial Release  

February 2013  Clarified speaker protection short comment on page 16  

February 2013  Corrected circuit diagrams; Corrected grammatical errors; added BOM lists (Appendix 1 & 2) and wiring diagram (Fig 23)  

October 2013            Extensive rewrite, updates, corrections and changes based on feedback from constructors on DIYAudio.com  

February 2014  Added component overlays Appendix 4 ~6 on 

 

March 2014  Made resistor value changes (R28, R29, R36, R37)  to correct offset adjustment and 2nd stage bias current problems – schematic marked up 

accordingly; Note added to BOM; corrected set-up procedure re adjustment of R6 – must be set to maximum intitially.  Corrected test 

procedure re 22 Ohm reading;  Added note concerning R7 on the PSU +Protect circuit.   

November 2014  V2.0 PCB’s released and all documentation updated; V2.0 PCB’s include all circuit updates and match 100% the V2.09 documentation  

January 2015  Corrected winding details of L1 to 10 turns of 1.6mm wire (#14 AWG) on a 10mm former (*was 8 turns of 2mm wire on 10mm former)  
  

 February 2020 Minor updates and corrections; fixed broken links; issue updated to V2.10 
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