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Amplifier and preamplifier circuit

Abstrad

The present inventionis a drcuit for use a a preamplifier or amplifier. The drcuit hasfirst and second input terminals
that are configured to recave first and seacond balanced input signals. The drcuit also includes first and second adive
devicesthat control output signals. Each of the adive devices have asource a mntrol, and an output. In one

embod ment, the antrol of the first adive deviceis coupled to the first input terminal. The aontrol of the second adive
deviceis coupled to the second input terminal. The drcuit further includes first and second output terminals at which
output signals are provided. Thefirst and second output terminals are wupled to the first and second adive devices. The
circuit includes an coupler that couples a floating power supply to the first and second output terminals, and to the first
and seoond adive devices.
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Claims

What isclaimed is:



1. A circuit for use @ an amplifier comprising:
first and second input terminals configured to receve first and second input signals;

first and second adive devices each having first and second terminating regions and a control region by which it is
cgpable of being direded to provide aconductive path between the first and second terminating regions, wherein the
control region of the first adive deviceis coupled to the first input terminal and the mntrol region of the second adive
deviceis coupled to the second input terminal;

first and second output terminals at which first and second output signals are provided, wherein the first output terminal
is coupled to the first terminating region of the first adive device and the second output terminal is coupled to the first
terminating region of the second adive device

afirst decoupling retwork conneding a supply of fixed pdarity voltage that is not otherwise conneded in the drcuit to
the first output terminal and to the second terminating region of the second adive device and

aseawnd deooupling retwork conneding the supply of fixed pdarity voltage to the second output terminal and to the
seoond terminating region of the first adive device

2. The drcuit of the daim 1 wherein the first deaoupling network includes first and second decoupling resistors and first
deaoupling cgpadtor and wherein the second decoupling network includes third and fourth decoupling resistors and
seoond deaoupling capadtor.

3. The drcuit of the daim 2 wherein the first decoupling capadtor is coupled between the first output terminal and the
seoond terminating region of the second adive device, and the second deaoupling cgpadtor is coupled between the
seoond output terminal and the second terminating region of the first adive device

4. The drcuit of claim 1 wherein the first and second adive devices are first and second eledron tubes, respedively,
and wherein the first and seaond terminating regions are a ctéhode and a plate, respedively, and wherein the control
regionisagrid.

5. The drcuit of claim 1 wherein the first and second adive devices are first and second transistors.

6. The drcuit of claim 5 wherein the first and second transistors are first and second MOSHET s, respedively, and
wherein the first and second terminating regions are asource and a drain, respedively and wherein the ntrol regionis
agate.

7. The drcuit of claim 1 further comprising a servo hias circuit, the servo hias circuit coupled between the first and
seoond output terminals, and to one of the first or second input terminals.

8. The drcuit of claim 1 further comprising a servo hias circuit, the servo hias circuit coupled between the first and
seoond output terminals, and to the second input terminal.

9. The drcuit of claim 7 wherein the servo hias circuit includes an amplifier that deteds offset at the first and second
output terminals and wherein the servo hias circuit feeds bad an error voltage to the second input terminal to corred
the offset.

10. A circuit for use a& an amplifier comprising:

first and second input terminals configured to receve first and second input signals;

first and second adive devices each having first and second terminating regions and a mntrol region by whichiit is
cgpable of being direded to provide aconductive path between the first and second terminating regions, wherein the

control region of the first adive deviceis coupled to the first input terminal and the mntrol region of the second adive
deviceis coupled to the second input terminal;



first and second output terminals at which first and second output signals are provided, wherein the first output terminal
is coupled to the first terminating region of the first adive device and the second output terminal is coupled to the first
terminating region of the second adive device

asupply of fixed pdarity voltage that is slely conneded to the first output terminal, the second terminating region of
the second adive device, the second output terminal, and the second terminating region of the first adive device and

aservo hias circuit including an amplifier, the servo hias circuit coupled to bah the first and second output terminals
and to one of the first or second input terminals.

11. The drcuit of claim 10 further comprising a deaupling network, the decupling network conneding the supply of
fixed pdarity voltage to the first output terminal, to the second terminating region of the second adive device, to the
seoond output terminal and to the second terminating region of the first adive device

12. The drcuit of the daim 11 wherein the decoupling network includes first, second, third, and fourth decupling
resistors and first and second decoupling cgpaators.

13. The drcuit of the daim 12 wherein the first decoupling capadtor is coupled between the first output terminal and
the second terminating region of the second adive device, and the second deupling cgpadtor is coupled between the
seoond output terminal and the second terminating region of the first adive device

14. The drcuit of claim 10 wherein the first and second adive devices are first and second eledron tubes, respedively,
and wherein the first and second terminating regions are a c#hode and a plate, respedively, and wherein the control
regionisagrid.

15. The drcuit of claim 10 wherein the first and second adive devices are first and second transistors, respedively.
16. A circuit for use & an amplifier comprising:
first and second input terminals configured to receve first and second balanced input signals;

first and second means for controlli ng current, ead having first and second terminating regions and a cntrol region,
the cntrol region for controlli ng conductivity between the first and second terminating regions, the control region of
the first means for controlling current coupled to the first input terminal and the wntrol region of the second means for
controlli ng current coupled to the second input terminal;

first and second output terminals for receving output signals, the first and second output terminals coupled to the first
and second means for controlli ng current; and

means for conneding, a floating power supply to the first and second output terminals, and to the first and second
means for controlling current.

17. The drcuit of claim 16 wherein the first and second means for controlling current are first and second eledron
tubes, respedively, and wherein the first and second terminating regions are cahode and plate, respedively and wherein
the cntrol regionisagrid.

18. The drcuit of claim 16 wherein the first and second means for controlling current are first and second transistors
respedively.

19. The drcuit of claim 16 wherein the first output terminal is coupled to the first terminating region of the first means

for controlli ng current and the second output terminal is coupled to the first terminating region of the seaond means for

controlli ng current, and wherein the means for conneding connects the floating power supply to the second terminating
region of both the first and second means for controlli ng current.

20. The drcuit of claim 16 wherein the first output terminal is coupled to the first terminating region of the first means
for controlli ng current and the second output terminal is coupled to the first terminating region of the seaond means for
controlli ng current, and wherein the means for conneding connects the floating power supply to the first terminating
region of both the first and second means for controlli ng current.



21. The drecuit of claim 16 wherein the floating power supply includes a transformer.

Description

BACKGROUND OF THE INVENTION

The present invention relates to eledronic signal amplifier circuits. In particular, the present invention is an audio
frequency preamplifier that boasts the magnitude of signals obtained from an audio source, or instrumentation sourcein
asimilar frequency range, to form input signals for an audio frequency power amplifier that can be diredly conneded
thereto without use of cgpaators or coupling transformers. The present invention circuitry arrangement can also be used
for apower amplifier that boasts the magnitude of audio frequency signals obtained from a preamplifier.

Preamplifier and power amplifiers for audio frequency signals are well known in the prior art. For example, U.S. Pat.
No. 4,229,706 granted to Bongiorno in October 1980and U.S. Pat. No. 4,719,431 granted to Karsten in January 1988
both disclose power amplifiers for this purpose. Some preamplifiers have been shown to be alvantageousin being
cgpable of transferring output signals therefrom over a balanced line interconnedion arrangement diredly conneced
thereto at its output. For example, the so caled "Circlotron” circuit is sich a high performance preamplifier.

An audio power amplifier 10 d the prior art, the "Circlotron” circuit, isill ustrated in the FIG. 1. Power amplifier 10
includes first and second triode dedron tubes 12 and 14and first and second power supplies 16 and 18 Power
amplifier 10 also includes first and second input terminals 20 and 22as well as first and second output terminals 24 and
26. An output load 28in operation is placed aaossthe first and second output terminals 24 and 26 Finally, power
amplifier 10 includes first and second stabili zing resistors 30 and 32as well asfirst and second reference output
resistors 34 and 36

First and second power supplies 16 and 18are mnstant polarity floating power supplies, that is, they do not have a
ground reference with resped to the outputs thereof conneded in power amplifier 10. Power supplies 16 and 18include
input terminals 17 and 19suited for connedion to ordinary 60 Hz single phase commercial aternating current (ac)
sources, power transformers 21 and 23 full-wave bridge and redifiers 25 and 27. Sources conneded to terminals 17
and 19 povide asinusoidal voltage waveform of substantially fixed amplitude to power amplifier 10. Power
transformers 21 and 23step down the voltage to an appropriate level for amplifier 10. Redifying diode bridges 25 and
27 convert these acwaveforms to constant polarity waveforms between positi ve and negative output terminals having a
seleded nominal voltage value suited for operating the remainder of the drcuit.

First triode 12 includes plate 40, grid 42, and cathode 44. Grid 42 is conneded to input terminal 20 viaresistor 30. Plate
40is conneded to the positive output terminal of first power supply 16. Cathode 44 is conneded to first output terminal
24 and the negative output terminal of power supply 18. Second triode 14 includes plate 50, grid 52, and cahode 54.
Grid 52is conneded to second input terminal 22 viaresistor 32. Plate 50 is conneded to the positi ve output terminal of
seoond power supply 18. Cathode 54 is conneded to seaond output terminal 26 and the negative output terminal of
power supply 16. Resistor 34 is conneded between first output terminal 24 and ground, and resistor 36is conneded
between second output terminal 26 and ground. The cahode heaer circuits for triodes 12 and 14 are not shown.

Power amplifier 10 typicdly recaves from the input signal sourcein operation two balanced magnitude input voltage
signalsthat are complements of each other, that is, one is the negative of the other ignoring the average values of eat
resulting from providing biasing for tubes 12 and 14 A first of these balanced input signalsisreceved by first input
terminal 20 and the second input signal is receved by second input terminal 22. When the first input signal at terminal
20isrelatively high, the second input signal at terminal 22 is relatively low. Under these conditions, grid 42 d triode 12
has arelatively high wltage signal such that current increases through triode 12 to output terminal 24, and grid 52 d
triode 14 has arelatively low voltage signal such that current deaeases through tri ode 14 to output terminal 26 leaving
anet voltage acossthe load. In this way, power amplifier 10 operates to amplify the diff erence between the first and
seoond input signals to thereby provide asubstantial differential current gain, though little voltage gain with tubes 12
and 14ead conneded as cathode foll owers.



Audio power amplifier 10 has desirable charaderistics such as wide frequency bandwidth, fast transient resporse and
low total distortion for reasons st out below. Similarly, this design has desirable charaderisticsin preamplifier

appli cations including wide frequency bandwidth, low total distortion, the &ili ty to transfer output signals over
relatively long interconnedion cables, goodreliabili ty and low cost.

This design achieves wide frequency bandwidth because it has arelatively ssimple design that uses a small number of
components. Thisrelatively small number of components all ows a drcuit design with low parasiti cs. This design has
fast transient resporse because, unlike other preamplifier designs, the relatively low distortion of this design all ows
avoiding the use of negative output signal feedbadk to corred distortion effeds. Negative feadbad introduces
significant damping that inhibits transient response. Also, this design haslow total distortion because the foll ower
arrangement keeps the voltage acossthe load substantially in the linea portion of its charaderistics, and sincethe
signals are substantiall y balanced they cance distortion effeds in ead other. Finally, this circuit can operate itsload
through relatively long interconnedion cables because of its current gain and low output impedance.

However, there ae till several problemsto overcome even using prior art power amplifier 10. First, eledrostatic noise
from first and second power supplies 16 and 18will result in noticedle amounts of noise & output terminals 24 and 26
Eledrostatic noiseis caused by the dedrostatic coupling of the dternating current line voltage acossthe power
transformers. Eledrostatic noise tendsto be aproblem since even very small amounts of electrostatic coupling to the
alternating current line voltage acossfrom the power transformers can result in very noticeéble amounts of noise & the
output. Even where multiple dedrostatic shields are used with the transformer, this typicaly does not eliminate dl the
problems. Furthermore, grea care must be used in applying eledrostatic shields to achieve even margina improvement
in amplifier noise reduction. The present invention grealy reduces or eliminates this problem.

In additi on to this problem with power amplifier 10, average offset (DC) signal values of one padlarity or the other occur
at output terminals 24 and 26 die to circuit imbalances such as result from component parameter magnitude variations.
Circuit imbalances may occur when thereis adifferencein gain between triodes that are not exadly matched or
differencesin voltage from the power supplies dueto filter cgpadtor or resistor values being slightly off the proper
value. The present invention al so substantially overcomes these problems of the prior art.

BRIEF SUMMARY OF THE INVENTION

The present inventionisa drcuit for use a a preamplifier or amplifier. The drcuit includes first and second input
terminals configured to recave first and second input signals. The drcuit also includes first and second adive devices
for controlli ng output signals. Each output control element has a source, a mntrol, and an output. The cntrol of the first
adive deviceis coupled to thefirst input terminal and the control of the second adive deviceis coupled to the second
input terminal.

The drcuit further includes first and second output terminals at which output signals are provided. The first and second
output terminals are mupled to the first and second adive devices.

In apreferred embod ment, the drcuit includes a coupler for coupling a floating power supply to the first and second
output terminals, and to the first and second adive devices. This coupler isolates the power supply from the first and
seoond output terminals.

In apreferred embod ment, the drcuit includes a servo circuit coupled between the first and second output terminals,
and to the second input terminal. The servo circuit deteds offset at the first and second output terminals and feeds back
the deteded offset to the second input terminal .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 isaschematic diagram representation of a power amplifier of the prior art,

FIG. 2 isa schematic diagram representation of a preamplifier/amplifier circuit of the present invention,

FIG. 3isamixed block and circuit schematic diagram representation of an alternate embodment of the
preamplifier/amplifier circuit of the present invention, and



FIG. 4isamixed block and circuit schematic diagram representation of an alternate embodment of the
preamplifier/amplifier circuit of the present invention.

DETAILED DESCRIPTION

Audio and instrumentation preamplifier/amplifier circuit 60 illustrates a spedfic embodment of the present invention in
FIG. 2. Circuit 60includesfirst and second triode dedron tubes 62 and 64 Circuit 60 also includes power supply 66,
servo and biasing circuit 68 and biasing circuit 70. Circuit 60 further includes first and second input terminals 74 and 76
and first and second output terminals 78 and 80 Finally, circuit 60 includes first and second stabili zing resistors 82 and
84, first, seaond, third and fourth decoupling resistors 86, 88, 90 and 92, first, seaond and third decoupling voltage
maintenance cgadtors 94, 96 and 98, and first and second output referenceresistors 97 and 99

Biasing circuit 70includesfirst input signal coupling capadator 100and first, second and third divider resistors 102, 103
and 104 Servo and hiasing circuit 68 includes first servo loopinput resistor 112, integration network resistor 114,
seoond servo loopinput resistor 116, first and second integration cgpadtors 118and 120, and operational amplifier 122,
which together form alow-passfilter arrangement having a seleded mid-band gain. Circuit 68 also includes £ond
input signal coupling capadtor 106 and fourth, fifth, and sixth divider resistors 108, 109 and 110.

Power supply 66 includes input terminals 124 suited for connection to an ordinary 60 Hz single phase commercial
aternating current (ac) input source, power transformer 126 and a full-wave redifying bridge drcuit formed by first,
seoond, third and fourth diodes 128, 130, 132and 134 Terminals 124 are cnneded to one side of transformer 126. The
other side of transformer 126is then conneded to the redifier bridge drcuit.

First triode 62 includes plate 140, grid 142 and cathode 146. Second triode 64 includes plate 150, grid 152 and cathode
154

Grid 14 of first triode of 62is conneded to hiasing circuit 70 viafirst optional stabili zing resistor 82. Plate 140 d first
triode 62 is conneded to one side of second deupling voltage maintenance cgadtor 96. Cathode 146 d first triode
62is conneded to first output terminal 78 and to one side of first decoupling woltage maintenance cgadtor 94. Grid
152 d second triode 64 is conneded to servo and hiasing circuit 68 via second optional stabili zing resistor 84. Plate 150
of second triode 64 is conneded to one side of first deaupling voltage maintenance cgadtor 94. Cathode 154 of
seoond triode 64 is conneded to second output terminal 80 and to one side of second decoupling voltage mai ntenance
cgpadtor 96.

First input terminal 74 is conneded to biasing circuit 70, and second input terminal 76 is conneded to servo and hiasing
circuit 68, these terminals also being conneded in operation to an input signal source. Servo and hiasing circuit 68 has
its differential inputs conneded between first and second output terminals 78 and 8Q Servo and hiasing circuit 68 has
its output connected to grid 1520f second triode 64 via second stabili zing resistor 84.

First decoupling voltage maintenance cgadtor 94 has its saond side, as indicaed above, conneded to first output
terminal 78. Second decoupling woltage maintenance cgadtor 96 hasits oond side, also as indicated above,
conneded to second output terminal 80. Third decoupling wltage maintenance cgadtor 98 has one side mnneded to
the pasitive output terminal of power supply 66 formed by the cahodes of first and fourth diodes 128and 134, and its
seoond side mnneded to the negative output terminal of power supply 66 formed by the anodes of second and third
diodes 130 and 132.

First output terminal 78 is also conneded to the negative output terminal of power supply 66 viafirst decupling
resistor 86. Plate 150 d second triode 64 is conneded to the positive output terminal of power supply 66 via second
deooupling resistor 88. Plate 140 d first triode 62 is conneded to the positive output terminal of power supply 66 via
third decoupling resistor 90. Second autput terminal 80 is conneded the negative output terminal of power supply 66
viafourth decoupling resistor 92.

First output referenceresistor 97 is conneded between first output terminal 78 and ground. Second output reference
resistor 99is conneded between second output terminal 80 and ground. An output load (not shownin FIG. 2) in
operation is placal acossoutput terminals 78 and 80

First triode 62 hasits nominal operating point set by resistors 102, 103 and 104 in biasing circuit 70 which provide a
fixed bias voltage to grid 142 The nominal operating point for second triode 64 is st by resistors 108 109and 11Q



which provide abias voltage to grid 152subjed to being varied by the servo loopinvolving servo and biasing circuit
68. The operating point for second triode 64 is adjusted by the output signal of circuit 68 as derived the output signal of
circuit 60 at output terminals 78 and 80 Servo and hiasing circuit 68, biasing circuit 70 and the input signal's (coupled
by cgpadtors 100and 106 apply corresponding wltagesto grids 142 and 1520f first and second triodes 62 and 64

In operation, circuit 60 recevesfirst and second balanced magnitude input signals at input terminals 74 and 76
respedively. Theinput signals may be audio signals, instrumentation signalsin the audio frequency range, or the like.
These first and second input signals are complements of ead other, that is, one is the negative of the other as coupled
aaosscoupling cgpadtors 100and 106. Thefirst input signal at first input terminal 74 controls afirst signal current
I.sub.62. First current |.sub.62 runs throuch first triode 62 and the load aaossfirst and second output terminals 78 and
80. Similarly, the second input signal at second input terminal 76 controls a second signal current 1.sub.64. Second
current 164 runs through second triode 64 and the load that is placed acossoutput terminals 78 and 8Q As own in
FIG. 2, currents|.sub.62 and |.sub.64 are in diredions oppasite one another through the load aaossthe output terminals
78 and 80 thereby giving circuit 60its differential current amplification charaderistic.

When thefirst input signal at terminal 74 is relatively high, the second input signal at terminal 76is relatively low.
Under these mnditions, grid 142 d triode 62 has arelatively high signal causing current 162to increase through triode
62 and through the load aaossoutput terminals 78 and 80, and grid 1520f triode 64 has arelatively low signal causing
current 164to dearease throughtriode 64 and through the load acossoutput terminals 78 and 8Q In this way, circuit 60
operates to amplify the difference between the first and second input signalsto again provide asubstantial differential
current gain, though littl e voltage gain with triodes 62 and 64 conneded as cathode foll owers.

Circuit 60 has desirable amplifier and preamplifier charaderistics such as wide frequency bandwidth, fast transient
response, low total distortion, the aility to transfer output signals over relatively long interconnedion cables, good
reliabili ty and low cost. These follow for the reasons given above.

In additi on, any electrostatic noise produced at power supply 66 daes not produce noticeale amounts of noise & first
and second output terminals 78 and 80 Eledrostatic noise does not read the output terminals because acinput 124 and
power supply 66 are decupled from first and second output terminals 78 and 80 Ly first, second, third and fourth
deooupling resistors 86, 88, 90 and 92, as well as by first, second and third decoupling voltage maintenance cgadtors
94, 96 and 98 These demupling elementsisolate ay eledrostatic noise mupled aaossby power supply 66 from the
output terminals. In this way, the difference between first and second input signals on input terminals 74 and 76is
amplified at first and second output terminals 78 and 80 Ly circuit 60 without the introduction of significant
eledrostatic noise due to power supply 66.

Thisisolation of the dedrostatic noise produced by the power supply can also be acomplished through the use of a
choke, aregulator or similar decoupling elementsin placeof decupling resistors 86, 88, 90 and 92whil e still
pradicing the present invention.

In additi on, circuit 60 corredstime average (DC) voltage offsets that are produced aaossfirst and second output
terminals 78 and 80 due to circuit imbalances including component variations. Again, these imbalances may occur
when there isa differencein gain between triodes that are not exadly matched o differencesin voltage from the power
supplies due to filter cgpadtor or resistor values being slightly off the proper value. Corredion of this offset is
acomplished by using servo and hiasing circuit 68.

Circuit 60is configured such that when input signals are complements of each other, signals at first and second output
terminals 78 and 80, because of the push-pull operation of triodes 62 and 64, are balanced aaossthe load if the drcuits
with these triodes have identicd charaderistics. Thisresults, desirably, in the operating point, or quiescent point, for
circuit 60 keing established with no voltage offset in the output signals provided at these output terminals 78 and 80,
Thisgoa may not be met, and certainly, as circuit 60 operates over time, circuit imbalances including component
variations due to aging will cause voltage offsets in the output signals provided at output terminals 78 and 8Q

Because of the balanced configuration of circuit 60, the aurrent through one triode leals to a voltage & one output
terminal that is offset in one palarity acdossthe load with resped to that on the other output terminal. The aurrent
through the other triode leals to a voltage acossthe load in the other pdlarity diredion. The amount that one output
terminal is off set in one padlarity diredion is equal to the amount that the oppdasite output terminal will be offset in the
other polarity diredion if the two triode drcuit haveidenticd charaderistics. Circuit 60 adsto corred the resulting
average (DC) voltage offset acdossthe load that results if the charaderistics of these triode drcuits differ.



First and second output terminals 78 and 80are cnneded to the differential inputs of servo and hiasing circuit 68 so
that the load is aaossthese inputs. When a voltage offset occurs at first output terminal 78 with resped to ground, the
low-passfilter arrangement in circuit 68 based on operational amplifier 122 senses this offset. Similarly, corresponding
voltage offset at second output terminal 80is snsed by this low-pass filter arrangement. If these offsets are unequal and
occur at arateto bein the passand of the low-passfilter arrangement, servo and hiasing circuit 68 senses the
differenceresult so asto generate an error voltage that is fed badk through stabili zing resistor 84 to grid 1520f second
triode 64 in order to counter the offset. Oncethistime averaged offset is correded, the low-passfilter based on
operation amplifier 122 will no longer sense an average offset, and servo and hiasing circuit 68 will no longer produce
an error voltage.

For example, if the signal acdossthe load has atime average offset, considering an offset for at first output terminal 78
positive, servo and hiasing circuit 68 feeds badc the corresponding negative aror voltage to grid 152 ¢ second triode
64 such that this positive offset at first output terminal 78 isremoved. That is, the current through triode 64 is, on the
average, reduced to thereby cancd the positive offset. Similarly, a negative off set leals to the current through triode 64
being increased. In this way, a balanced autput voltage is achieved aaossthe load without any DC offset.

The components of servo and hiasing circuit 68, the decoupling voltage maintenance cgadtors 94, 96, and 98 and
deooupling resistors 86, 88, 90 and 92 should be seleded such that the time mnstants of the drcuits charging the
deaoupling woltage maintenance cgadtors are ejual to or lessthan the frequency of the bandwidth of servo circuit 68.
Thiswill reduce awy interadion therebetween in the low frequency passdand and help stabili zethe drcuit. Since servo
and hiasing circuit 68 eliminates signal frequencies less than the bandwidth of the servo loop, voltage maintenance
cgpadtors 94, 96 and 98 do not need to be large enough to filter out such frequencies. This means smaller capadtors
can be used, which reduces cost.

In one preferred embod ment, the foll owing component values are typicdly used:

First and second triodes 62 and 646 SN 7 (1/2 for ead)
First, second, and third decoupling 220 microfarads (ead)
voltage maintenance cgadtors 94,

96.and 98

First, second, third and fourth 1.5 kilohms (each)
deouplingresistors 86, 88, 90 and 92

and output referenceresistor 97 and

First and second coupling capadtors .1 microfarads (ead)
100an 106 and filtering capadtors

118and 120

First input resistor 112 100 kilohms
Seoond input resistor 114 4.99 megohms
Servo resistor 116 100 kilohms

First, second, fifth and sixth divider 1 megohms
resistors 102, 103, 109 and 110

Third and fourth divider resistors 221 kilohms
104, 108

An alternative embod ment of the present invention isillustrated in FIG. 3 as audio and instrumentation
preamplifier/amplifier circuit 160. Circuit 160includesfirst and second triode dedron tubes 162and 164 Circuit 160
aso includes power supply 166, servo and hiasing circuit 168 and fixed bias circuit 172 Circuit 160further includes
first and second signal input terminals 174 and 176, which again in operation are wnneded to an input signal source,
and first and second output terminals 178and 180 between which in operation an output load will be placed. Finaly,
circuit 160includes first, second, third and fourth decoupling resistors 186, 188, 190, and 192, first, second and third
deaoupling woltage maintenance cgadtors 194, 196 and 198and first and second output resistors 197 and 199

Power supply 166is afloating fixed pdarity supply similar to power supply 66 shownin FIG. 2.



First triode 162includes plate 240, grid 242 and cahode 246. Second triode 164 includes plate 250, grid 252 and
cathode 254.

Grid 24 of first triode 162is conneded to first input terminal 174. Plate 240 of first triode 162is coupled to first output
terminal 178and to one side of second decoupling wltage maintenance cgadtor 196. Cathode 246 of first triode 162is
conneded to one side of first decoupling wvoltage maintenance cgadtor 194. Grid 222 of second triode 164 is conneced
tofixed bias 172 Plate 250 o second triode 164 is conneded to second output terminal 180and to one side of first
deaooupling woltage maintenance cgadtor 194 Cathode 254 of second triode 164 is conneded to one side of second
deaooupling cgpadtor 196.

Theinputs of servo and biasing circuit 168are mnneded between first and second output terminals 178and 180across
theload. Circuit 168 has its output conneded to first input terminal 174. Circuit 168includesfirst, second, third, fourth
and fifth servo resistors 211, 212, 214, 215 and 216, servo capadtor 218 operational amplifier 222, and transistor 225.

First decoupling capadtor 194is conneded between cathode 246 d first triode 162 and seaond output terminal 180.
Seoond deooupling cagpadtor 196is conneded between cathode 254 d triode 164 and first output terminal 178 Third
deaooupling cgpadtor 198is conneded between the two output terminals of power supply 166.

First output resistor 197is conneded between first output terminal 178and ground. Seaond output resistor 199is
conneded between second output terminal 180and ground. A load (not shown in FIG. 3) is placed acossoutput
terminals 178and 18Q

The operation of circuit 160is smilar to the operation of circuit 60in FIG. 2 except that triodes 162and 164 are
conneded as plate foll owers rather than as cathode foll owers. That is, one skill ed in the at will recognize, circuit 60 o
FIG. 2 is configured such that the load is conneded between cathodes 146and 154 d triodes 62 and 64 such that circuit
60isalow impedance drcuit. Circuit 160, however, has the load conneded between the plates 240and 250 d triodes
162and 164 such that they are operated as plate foll ower circuits having low impedance outputs.

Circuit 160 has the same advantages as circuit 60. Eledrostatic noise produced at power supply 166 das not produce
noticeale amounts of noise & first and second output terminals 178and 18Q As was described with resped to circuit
60, decoupling components prevent the dedrostatic noise from reaching the output. First, second, third and fourth
deoupling resistors 186, 188, 190 and 192, aswell asfirst, second and third decoupling cgpadtors 194, 196and 198
isolate any eledrostatic noise produced by power supply 166 from output terminals 178and 180.

The drcuit 160also correds DC voltage offsets acossthe load at first and second output terminals 178and 180in a
manner similar to circuit 60. Corredion of this offset isacamplished by using servo and hiasing circuit 168. Circuit
160is configured such that complementary input signals at first and second input terminals 174 and 176cause triodes
162and 164 to operate a apush-pull amplifier with resped to the load between first and second output terminals 178
and 180 First and second output terminals 178and 180are mnneded to input resistors 214and 216 in circuit 168
which hasits output conneded badk to grid 242 d first triode 162 When a DC voltage offset occurs acossthe load, the
low-passfilter arrangement based on operational amplifier 222 d servo and hiasing circuit 168 senses this offset.
Circuit 168then generates a crresponding error voltage that isfed bad to grid 242 d first triode 162to counter this
offset as for circuit 68in FIG. 2.

Another alterative embod ment of the present invention isill ustrated in FIG. 4 as audio and instrumentation
preamplifier/amplifier circuit 260. Circuit 260includes first and second n-channel enhancement MOSFETs 262 and
264. Circuit 260also includes power supply 266, servo and hiasing circuit 268 and fixed hiasing circuit 272 Circuit
260further includes first and second input terminals 274 and 276, which again in operation are conneded to an input
signal source, and first and second output terminals 278and 280 between which in operation an output load will be
placeal. Finally, circuit 260includes first, second, third and fourth decoupling resistors 286, 288, 290, and 292, first and
seoond deaoupling voltage maintenance cgadtors 294 and 296 and first and second output resistors 297 and 299

Power supply 266is afloating fixed pdarity supply similar to power supply 66 d FIG. 2.

MOSFET 262 includes drain 340, gate 342 and source 346. Seaond MOSFET 264 includes drain 350, gate 352and
source 354.



Gate 342 d first MOSHET 262is conneded to first input terminal 274. Drain 340 d first MOSFET 262 is conneded to
first output terminal 278and to one side of second deaoupling voltage maintenance cgadtor 296. Source 346 of first
MOSFET 262 is conneded to one side of first decoupling voltage maintenance cgadtor 294. Gate 352 o second
MOSFET 264 is conneded to fixed hias 272 Drain 350 of second MOSHET 264 is conneded to second output terminal
280and to one side of first decoupling voltage maintenance cgadtor 294. Source 354 of second MOSHET 264 is
conneded to one side of second deaoupling cgpadtor 296.

Theinputs of servo and biasing circuit 268are mnneded between first and second output terminals 278 and 280across
the load. Circuit 268 has its output conneded to first input terminal 274. Circuit 268includesfirst, seaond, third, fourth,
fifth and sixth servo resistors 302, 304, 314, 315, 316 and 317, first and second filter cgpadtors 318and 32Q and
operational amplifier 322

First decoupling voltage maintenance cgadtor 294is conneded between source 346 d firss MOSHET 262 and second
output terminal 280. Second decoupling woltage maintenance cgadtor 296 is conneded between source 354 d
MOSFET 264 and first output terminal 278,

First output resistor 297is conneded between first output terminal 278and ground. Second output resistor 299is
conneded between second output terminal 280and ground. A load (not shown in FIG. 4) is placed acossoutput
terminals 278and 28Q

The operation of circuit 260is gmilar to the operation of circuit 160 d FIG. 3 and of circuit 60 o FIG. 2. Asis
apparent to one skill ed in the at, the adive dements of the previous designs have been replacal by transistorsin this
embodment. Circuit 260 has sme of the same alvantages as circuit 60. Eledrostatic noise produced at power supply
266 does not produce noticeale anounts of noise & first and second output terminals 278 and 280for simil ar reasons
asin circuit 60. Circuit 260also corredstime average voltage offsets aaossthe load at first and second output
terminals 278and 280in amanner simil ar to circuit 60.

Although the present invention has been described with referenceto preferred embod ments, workers illed in the at
will recognize that changes may be made in form and detail without departing from the spirit and scope of the
invention. For example, multiple drcuitslike drcuit 60 could be built and operated off of a single power supply such as
power supply 66. Aslong as decoupling elements guch as decoupling resistors 86, 88, 90 and 92 and decoupling
cgpadtors 94 and 96 are used, the benefits of the invention are adieved.



