
Let’s take a look at an OPS implementation that would fit the pole-zero cancellation requirements. We 

already mentioned that the OPS has to have gain, to compensate for the limited output swing of a 

conventional opamp.  

First question is: bipolar or MOSFET? A MOSFET output stage makes sense here, and that’s because we 

need to push the ULGF as high as possible; bipolar output stages are limited to the bipolar power 

devices FT of 30MHz or less. 

The output stage doesn’t necessary need to have a local feedback loop, although it’s not a bad idea to 

implement one to keep things tight under control. A current feedback configuration would certainly help 

here. 

Take a look at the schematic below; it’s a current feedback configuration, simplified to the bone. All we 

need is to have this OPS provide a 20dB of gain, and an as high as possible GBW. Of course, the local 

(current) feedback loop has to be stable. 

 

Fed at +/-47V, this output stage delivers 100W into a 8ohm load, with enough juice to support any 8ohm 

speaker impedance dip. The OPS gain is set to 10 by the R55/R64 ratio and it’s miller compensated for a 

healthy 1.1MHz ULGF: 



 

It is perhaps important to note that the OPS ULGF is NOT the closed loop GBW (that has to be much 

higher, to fulfill to pole-zero cancellation requirements). Here’s the closed loop frequency and phase 

response: 

 



The 3dB bandwidth is 1.1MHz, while the UGF is 18.7MHz. Less than we were looking after in the 

previous analysis (2.5MHz/25MHz) but we’ll try to fine tune to accommodate this OPS in the global 

feedback loop. 

Fed at +/-47V, the current feedback OPS distortions at 20KHz and 100W/8ohm (80Vpp) are simulating at 

around 0.01%. Based on the previous experience with the YAP and AURA amps, it is expected to be 

larger in the real world, perhaps as high as 0.02%. But let’s keep things in the simulation realm, for the 

moment. 

The distortion spectra is pretty typical for a class AB amp: mostly 3rd harmonic with a little of 2nd and 

decreasing higher harmonics: 

 

 

Now it’s time to close the loops across both the OPS and the input pole-zero cancellation circuitry. On 

the next page you’ll find the full amp schematic. VCC/VDD are +/-47V while VCC1/VDD1 are +/-15V. A 

small 22ohm resistor was added to isolate the opamp output from the OPS input capacitance. 

As you see, the overall amp schematic is not overly complicated, at least from a simulation perspective. 

But bear in mind that, so far, this amp is missing lots of features like clipping protection, overload 

protection, DC servo, etc… It is expected that these features will add significant complexity to any 

practical implementation but, as already said, let’s keep things in the ideal world for the moment. 

 



 



After tweaking a little the pole-zero cancellation variables (C2 and K) here are the final results. The loop 

gain (please note that, for the purpose of this simulation exercise, all feedback loops are broken at the 

output node as per the schematic) shows an ULGF of 12MHz and a phase margin of 58 degrees. With 

this, the loop gain available to kill the 3rd harmonic (dominant, as seen in the OPS output spectra) is no 

less than 76dB. This is a huge value, an x100 (or 40dB) improvement over what can be done in a 

conventional Miller or TPC/TMC compensated amp!  

  

The phase margin of 58 degrees can certainly made larger, if we can push the OPS GBW higher. But for 

all practical reasons, 58 degrees is good enough. Further analysis shows that for a 40V output, the phase 

margin is still over 50 degrees, so we should not expect any transient instabilities. 

On the other side, as already mentioned, the amp is clearly conditionally stable. This raises another 

practical complication, how do we protect this amp during power on and power off, so that it won’t 

oscillate on the trajectory? All these are tough questions that I’ll try to eventually address. For the 

moment, note that the phase dip is non-negotiable. Bode integrals are telling there’s no way to get 

along without such a phase dip, if you start rolling the frequency response at 40dB/decade (as we do 

here). 

And now (drums rolling) let’s take a look what those 74dB of 60KHz loop gain are doing to the 

distortions: 



 

 

That would be 0.08ppm of THD20, which is simply insane. We can safely assume this value as lacking any 

relationship to the real world, but otherwise shows the power of this pole-zero cancellation 

configuration. 

Also take a look at the spectrum: 



 

The peaks adjacent to the 20KHz fundamental are simulation artifacts (they are non-harmonic, a 

physical impossibility). The 3rd harmonic is now only 2uV, and so is the 7th. 

Ok, after this simulation galore (intended only for the purpose of illustrating the pole-zero cancellation 

features and capability) let’s take a closer look on what could be implemented in practice. 

Certainly, building such an amp is very difficult. The ULGF of 11MHz calls for a RF technology 

implementation, hence the title in the article. 

To be continued… 

 


