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Background: the original design and the reasons for some circuit changes 

 
The final schematic of the Ultra-fast amplifier was published in August 1998 in EW+WW (Electronics World 
+ Wireless World) and is reported in the above pages. It is aligned with to the pcb provided to EW+WW 
readers. 
 
Main characteristics and criticalities are as follows: 
 
1- Input stage (Tr1 to Tr4): idle current of each transistor is about 2mA; the peak current  for a (nominal) 
differential input peak-to-peak voltage of ± 3Vp-p ranges from a static 6mA (limited mainly by R5) up to a 
dynamic (short time) 18mA (limited by R4,R5, R7 and R8; time duration defined by C8). They correspond to 
about 300mW of continuous power and 1.2W of instantaneous power dissipated by the transistors, 
respectively.  
 
2-Intermediate stage (IS) BJT’s  (Tr9, Tr10, …): nominal idle current is about 7mA (and 350mW), but due to 
temperature variations, component tolerance and device mismatches  can exceed 10mA.  The peak current 
is limited to about 110mA. So idle dissipated power of Tr9 and Tr10 can exceed 500mW while the 
instantaneous power (say <1uS in normal operation) can exceed 5W, which can seriously stress both 
transistors if the frequency of input transients is excessive (especially in the test phases). 
 
3- Output stage driver (Tr16 to Tr18): idle current is a stable 6mA (300mW at Vce=50V) which is enough to 
drive the output MOSFET’s to a full 80VP-P output swing  in class-A up to 200kHz. However no limit is set for 
the peak collector current (for sonic reasons), and therefore these transistors could experience level of 
stress rather high in critical operating conditions, e.g. power on/off, signal overload and high ambient 
temperatures. Simulations show that the instantaneous dissipated power during fast rated input transients  
(<200ns) is about 5W, yet within the safe operating area (SOA) of the devices.   
 
4- double dual power supply voltages (±55V and ±48V) was suggested in order to increase the overall 
amplifier efficiency  
 
Considerations:  
1- the amplifier was designed to be robust enough to manage the reproduction of audio programs  (even 
the most demanding in terms of speed) with occasional very-fast transients, where all stages can provide 
for a short time the extremely high currents needed to sustain its high speed. 
 
2- However there are some potentially critical situations where some transistors (Tr10, Tr11 and Tr16 to 
Tr18) could be stressed beyond their safe operation limits, e.g.: 
- power on/off especially with double separated supply voltages; 
- too high a frequency of occurrence of very fast transients; 
- severe input/output overload, again  .. especially with double separated supply voltages; 
- the test phase, which in my opinion, if not well managed, can potentially be the most critical.  
  
3- I propose a simple solution here to limit the stress of critical BJT’s in all the above critical situations 
above mentioned, and to substantially reduce the risk of failure in ultra-fast amplifiers. More specifically 
this solution mainly addresses those amplifiers built on the PCB  designed for EW+WW with the goal of 
avoiding the  need to cut any trace! 
 
4- a revised and upgraded design solution (the Ultra-fast Amplifier 2.0 ?) is by now under development and 
will be soon assembled and tested (and hopefully published) in a near future.  
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Details of the recommended solution 
 
1- Recommendation #1: use a single dual (unregulated) supply voltage of nominal +55V and -55V both for 
all stages of the amplifier, adding, if appropriate, an extra decoupling filter for the input and the 
intermediate stages 
 
2- Recommendation #2: incorporate/add the circuit in Fig.1 below to improve the robustness and 
operational capabilities of the driver  of power MOSFET’s, which will become (as shown in Fig.2) more 
robust in all operating conditions and capable to extend its operation to class-B when requested. I suggest a 
hard accommodation of all additional components on the soldering side of the existing PCB. There is no 
need to cut any trace! 
 
3- Recommendation #3: replace in a sequence (and in accordance to actual needs) the values of some 
components as shown in the table 1 here below 
 

Table 1 

(*) transistor matched within ΔVbe ≦ 10mV @ Ic=5mA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

step component current value replace with desired effect/comments 
1 R17, R23 33Ω 5Ω reduce Tr10-Tr11 idle current IQ(IS) to about 6-7mA (if needed) 

2 R19, R25 1.5kΩ  5Ω to be done only if step 1 is not enough:  IQ(IS) about 6-7mA   

3 Tr10 2N5401 2 x 2N5401 (*) optional step in order to increase robustness of intermediate 
stage (penalty: slew-rate slightly reduced) 4 Tr11 2N5551 2 x 2N5551 (*) 

5 R31, R32 1.3kΩ 2.4kΩ Tr15,Tr17, Tr18,Tr19 idle current (power!) reduced to 3-4mA 

6 D4-D10(HV) 1N4148(HV) BAV21 avoid selection of 1N4148 (BAV21 is a 200V fast diode)  
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 Fig.1-The additional circuitry to be integrated into the ultra-fast amplifier schematic   

 
 

 

Fig. 2-Overall view of the complete driver circuit  
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