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Jim Strickland -  4/11/92

Power amplifiers employing the Transnova‘tOpOlOGV'We e manufactured
from 1982 to 1987 under the Acoustat name. The basic pr;nc&ples
invelved were granted U.S. patent 4,467,288 in 1984. The new
Hafler 9300 and 9300 Trans*nova designs incorporate the best
features of ‘the patent and .the original drSLgn—*lmDroved
dramatically with a highly refined, low voltage version of the
Hafler double-differential front-end pioneered by Ernoc Bo*bely and.
refined by Harry Klaus and Jlm St rLHkland for the XL and SE series.

'-_The most lmportant teachlng of the Strickland Dabent was the

' possibility of configuring the output stage of a power amplifier so

as to allow full volt tage galn to. coexist with 100% local negative
feedback--zs present in & unlty-galn voltage-follower output. At

first, +this utoplan situation seems *mposs*ble. Thus we will
prcceed with a slight tutorlal show1ng how this hapnens. '

Figure 1 shows how a follower sLade is copnecteq. Let us cobserve
fjusL'whv and how this connection is sald +to have 100% local

negative feedback. When any chaﬂce in input to the gatées causes
the joined sources to "follow" the input, the ouunut signel is
subtracted 100% IZrom the input to form the efrect*ve input seen by
the devices. The "Tegendary“ low output impedance and reduced

distortion for this connection besu'* from this ope;aulon.
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To understand the generation of low output impedance, imagine that
with the gates held immobile, a slgnal coming back from the load
tries to change the pcténtial at the output termimal. If a one
volt change were forced on the joined sources, it would have the
same effect on output current as if the gates had" benn ‘moved one

~volt (in the opposite dlrectlon) If the MOSFETS produce one
amp/volt (one mho' or one Siemans, of transconductance), we ‘would

then say a -one cohm output lmpedance exists, Sane a one ohm .
:es*stor would also produce one .amp per volt.

The probWem here is that we have obtalned this "load coqtko1" at
the very high price of,haVLng to give up all wvoltage gain in th
ocoutput stage. It will be sno"n later that we have indeed given up

much more than this.



Figure 2 shows the basic comnections of the Trans*nova output
.configuraticn--without drive connected. The purpose of this part
of the tutorial is to show that the 100% local negatlve feedback is
stlll present in this revised connection. Consider again a voltage
‘coming back from the load, imposing a one volt change on the output
terminal, now the “connected“ drains (via the power supply system).

. This one volt change passes back’ through the parallel RC network
virtually 100% onto the MOSFET gates, owing to ahel__eytremely high
input 1mpedance.. Thus again we seée a one volt (output) change

yield a one amp current, and hence generate a one- ohm outpu‘*
impedance. -
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Thus we see that both connections have effectively 100% local
negative feedback. However, we must now show how to drive the
Trans*nova circuit, or all we have created so far is an expensive
resistor. - The" maglc and the invention of Trans*nova is exacLly
_here, as shown in- Flcu*e 3. To let the 100% Feedback return from
output to gates dn fhis cix ule; we must drive the ga*es from a
fsnecwal type of electronic configuration which produces output
currents which are highly "blind" to the voltage at the circuit
poxnt into whlch the current is dellvered.
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Fortunately this behavior is wvirtually exactly what most bipelar
and FET devices do~-i.e. operate as "pentodes”, as 1f they had a
screen .grid between input and output. The driver stage of
Trans*nova is thus a highly refined bilsteral current source--a
transconductance stace-—drmvzng the MOSFET gates directly. So now
the 100% local negative feedback is still present, because any
voltage change coming back from the load side of things is not
reduced. However, the lmporuant thing is that it _now takes exactly

the same gate voltage swing to drive the MOSFETS it would have, haa
the feedback RC network never been added.

" Lest it appear we have fooled Motheh Nature here, let it be
“clarified that what we have done is only find a better realization

of Her rules. In fact there is a "payback" here--we must supply
higher signal current to the gate "ricde" than we would have had to

without the RC (shunt) feedback. We will soon see this is actually
" an advantage.

Quo vadis?

Indeed, where are we going? What have we achieved by retaining the
full voltage gain of the output stage? Firstly, the output-stage
gain now allows us to employ a low—voltage fronu—end/drlvev design,.
ruaning on +/- 24 volts. The ramifications of this change go Zar

beyond obvicus initial expectations. By prese—ving the voltage
galn of the output stage, we have raalcally improved its power gain
for =a clven DaﬁdWldun, since power =. voltage X currsnt. Thnus

SLgniLlcan ly less driver power is needed *o* a given bpandwidth.
We can teke advantage of this high transfer efficiency by adjusting
the low voltage front-end for much higher Class A operating current
than tvpical high voltage designs can :-as;nly use. Such higher-
current drivers are inhereptly fast, and can be made extremely so

by the vehicle of CaSCOang“'uO radically reduce Miller-capacitance
e::ects.

THEE RESULTING AMPLIFIER

The svne*cles above result in an- amnlwxle* having. only three
stages, in lieu of typically £five. ngh slew rates and bandwidth
are inherent, with outstanding high- f*equency stablll+y, for a
given level of distortion. The shorter loop is capable of superior
sonlc performance. . The low-voltage front end is also far safer--
being almost never found at the scene of PC board fires.

Another Iinherent advantage of designs which utilize gain-type
output stages is their reaction to capacitive loading. .Follower
designs react to capacitive loading by increasing the capacitance
seen by the driver stage. Gain-type -output stages react the
opposite way, accommodatingly reducing their input capacitance,
when exposed to more output-load capacitance.



This occurs because significant capacitive loading reduces the
open-loop gain of the output stage, resulting in & simultaneous
reduction of both the magnitude and leading-phaze character of the’
Miller-capacitance feadback back through, or around, the stage.
Gain-type outputs are inherently more tolerant of - capacitive
loading, and are thus particularly suited +a sonically clean,
chokeless designs. . ' :

IN CONCLUSION

~ Trans*nova amplifiers are better power amplifiers because they use
7 less stages and devices in thé signal'path—by‘utilizing innovative
connections which extract the maximum out of each and every high
performance component. "7?his kind of simplicity'is.always.goodf~our
common ‘sense, our- instruments and our ears tell us it is right.
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