SOLI D "STATE TUBE COVPRESSI ON Cl RCUI T BACKGROUND OF THE | NVENTI ON The
rnvention relates to replacenent of tubes in power anplifiers wth— solid
state .devices. In particular, the invention is directed to a solid

. State 5 circuit t hat duplicates tube power anplifier
conpressi on. Tube conpression occurs whepever the tube power anmplifier is
drivien into hard clipping. Normally, a solid state anplifier driven into

hard- cli pping creates 10 har sh odd-erder harnonic distortion (square
waves). In contrast, a tube anplifier conpresses the signal so that the

| evel decreases aR@LID SFETEnFUBEo GONMPRESSION CIRCWHT i dent. As a result,
the sound is nore subdued, but still has what the players call "punch".
Thus, 15 conpression is a nusical function that gives a tube power
anplifier an edgel&aEROYRDLO e LAYIENGL I3t e power anplifiers according

(o st heavy metal angbsge guiiar Bavers; peLtioiatty st e,
phenomenon CaIIedpr%&ea%%%I%r 132V € EFt%%If§1 -Eate devices. In
particular, the invention is directed to a solid state
5 circuit that duplicates tube power amplifier
compression.

Tube compression occurs whenever the tube power
amplifier is driven into hard clipping. Normally, a
solid state amplifier driven into hard clipping creates
10 harsh odd-order harmonic distortion (square waves). In
contrast, a tube amplifier compresses the signal so
that the level decreases and it does not sound as harsh

and strident. As a result, the sound is more subdued,

but still has what the players call "punch". Thus,
15 compression is a musical function that gives a tube
power amplifier an edge over conventional solid state
power amplifiers according to most heavy metal and bass

“) guitar players, particularly at clipping conditions.
The foregoing is a non-technical description of a
20 phenomenon called increased crossover distortion. This
function happens in all tube power amplifier designs
whenever the output tube grid is driven positive with

respect to the cathode causiﬁg it to become simply a

forward biased diode.



Eunctfon happens in all tube power anplifier designs whenever the out put

tube grid is driven positive with respect-to the cathode causing it to

beconme sinply a forward bi ased di ode. 2 In a typical push-pul

configuration,

out put stage causes the average bias |level to increase at high signal
| evel s and forces the class-B biased 5 tubes to becone over biased.
Such condition causes the output signal to have severe crossover
distortion, a conditi am Weegpibel SpUBA+patlo conFiguratiidn]ehdigly two
significantly. A typical tube power amplifier 10 which has been 10
used on nmany popullassAaBiebiaseds lioy®, | mhiel gdiode THypi eathcipushipull
operation is described bel ow foll owed by a description of overload (or
conpr essi on) condiutipits . stage causes the average bias level to increase

15

20

25

at high signal levels and forces the class-B biased
tubes to become over biased. Such condition causes the
output signal to have severe crossover distortion, a
condition where the signal zero crossing is delayed
significantly.

A typical tube power amplifier 10 which has been
used on many popular models, is shown in Fig. 1.
Typicéi circuit operation is described below followed
by a description of overlocad (or tube compression)
conditions.

In Fig. 1, input signals are coupled via coupling
capacitor 11 to the grid of wvacuum tube 12 (e.g.,
12AX7), which with tube 14 is half of what is called a
long tailed phase inverfér circuit. In this circuit,
the cathodes of tubes 12 and 14 are connected together,
as shown. Thus, tube 12 operates in a grounded cathode
mode; while tube 14 operates in a grounded grid mode
with 1respect to the input grid of tube 12.
Accordingly, equal but out—oprhase signals appear at
the plates of 12 and 14. The purpose of the phase
inverter is to supply two out-of-phase signals to

class-B biased push-pull output tubes 16 and 18.

using two cl ass-B biaseg tubes, the diode in each push-pul

t ube



In Fig. 1, input signals are coupled via coupling 15 capacitor 11 to
te: grid of vacuumtube 12 (e.g., 12AX7), which with tube 14 is half of
what is called a long tailed phase inverter circuit. In this circuit, the
cat hodes of tubes 12 and 14 are connected together, as shown. Thus, tube 12
operates i.n a grounded cat hode 20 3node; while tube 14 operates in a
grounded grid node with respect to the input grid of tube 12. Accordingly,
equal but out-of-phase signals appear at the plates of 12 and 14. The

pur pose of the phase i LS 4 uppl b - Qf - i 25
cl ass-B bi ased push-pé%¥§%ﬁ§%6?§%538§'?g %%%¥ﬁ§gy%l%§ %g?ﬁgaéhggg#ét%? 20

sets the bias formach tueri® A8hddorsT 28 BASI SUORTe22 RN GrkbadEivde

respective grid bias resistors. Resistor. 26 is a common cathode resistor.
Resistor 28 is uspdd Giad redietdreadb®isistor 24 rigmd heommbrp Watifodeduce

overall distortion. The grid
resistor. Resistor 28 is used to introduce feedback
5 from the output to reduce overall distortion. The grid
of tube 14 is shunted to ground (in this case, the low
impedance feedback point) wvia capacitor 30, as is
necessary for grounded grid operation. Load resistors
32 and 34 are the respective plate loads for tubes 12
_) 10 and 14. The plate signals are coupled to the output
tubes 16 and 18 via capacitors 36 and 38.
Each output tube grid is connected to a negative
bias source (e.g., -55 V) via bias resistors 40 and 42.
This -55 V sources is generated externally from this

15 circuit and is filtered adequately by capacitor 44.
Negative 55 volts is chosen as the appropriate value to
bias the output tubes 16 and 18 (e.g., 6L6GC) into good
class-B operation with minimal crossover distortion at
low signal levels.

20 Completing the circuit, resistor 46 is a feedback
resistor; resistors 48 and 50 are power supply
decoupling resistors; capacitors 52, 54 and 56 are
filter capacitors for the various supply sources in the
B+ circuit. PFinally, transformer 60 is a conventional

25 tube push-pull output transformer, in this case with

output taps for 8 and 4 ohms. The power amplifier 10



. ofr tube 14 is shunted to ground (in this case, the | ow i npedance feedback
poiﬁf) via capacitor 30, as is necessary for grounded grid operation. Load
resistors 32 and 34 are the respective plate |oads for tubes 12 10 and
"14. The plate signals are coupled to the output tubes 16 and 18 vi a _
capacitors 36 and 38. Each output tube grid is connected to a negative bias
source (e.g., -55 V) via bias resistordg 40 and 42. This -55 V sources is
generated externally fromthis 15 circuit and is filtered adequately

by capacitor 44. ddagatde H5p¥Okimaterfhege Lhe BRAT YR G Jgqt O
bi as the output tubes 16 and 18 (e.g.,” 6L6GC) I nto good class-B~-operation
with mniml crossAuwy. distortion at |ow signal levels. 20 .

Conpl eting the circuit, resistor 46 is a feedback resistor; resistors 48

and 50 are power supplat deldoupigmgl r bevelsr bele@Pauitbats AAppgihqntk®é are
filter capacitors for the various supply sources in the B+ circurt. -
Final ly, transfoowmtpuw) wavefconveeingnale@h and firekee gfushigudtt Do ppt
transforner, in this case with output taps for 8 and 4 ohns. The power
anplifier 510 the signal levels at the grid of each output tube 16
and 18 is well below 55 volts peak swing, and the
average DC bias level at each output tube grid is -55
VvDC. However, at clipping and beyond, the signal
levels at each output tube grid will exceed 55 volts
) 10 peak swing. Thus, the grid will be biased positive
with respect to the cathode at each positive peak
signal swing. Whenever the grid is driven positive
with respect to the cathode, it becomes a simple
forward biased diode. With the positive peak swing
15 clipped, the average negative DC bias voltage level at
the grid of each output tube 16 and 18 is increased in
proportion to the overload input value above the
clipping value. Thus, the output tubes 16 and 18
- ‘become over biased beyond class-B and at severe output
20 clipping significant crossover distortion is generated
as well. Consequently, at overload, the output signal
of tube amplifier 10 will be clipped at the peaks.
However, it will not be as "dirty" as a typical solid
state power amplifier operating under the same

25 conditions, because a large portion of the overloaded

output waveform is forced or compressed into the severe



4 delivers approxi mately 50 WVRMS to the matching |load value. At all signal
| evel s bel ow out put cli pping (the output waveform being clean and free of
di stortion), 5 the signal levels at the grid of each output tube 16
and 18 is well bel.ow 55 volts peak swing, and the average DC bias |evel at
each out put tube grid is -55 VDC. Hogever, at clipping and beyond, the
sigral levels at each output tube grid wll exceed 55 volts 10 peak
swi ng. Thus, the grid will be biased positive with respect to the cathode

at each positive ‘EP g{]ahlgiédo% 1onW1% o th@? rP:Ng‘ lfsit?dg?\égn‘%}? S|t|ve
e €

W th respect to t ode, "It cones S|rrple & Wth

the positive peakwé&éf@rﬂ5 muc |t'm9P§dmu§£'§afV§ﬁ %tliggaﬁﬁae"gfegﬁgf‘."

voltage level at the grid of each output tu is 1Tncreased’in
proportion to the(Dyver) oadseNmirstd UBhEROE ddPBid state amplifier at
overload. Due to the compression (i.e., distortion

5 near the =zero crossover), the actual peak output

clipping is reduced and is far more tolerable than that’

of the solid state amplifier. This phenomenon is thus,

tube power amplifier compression.

) 10 SUMMARY OF THE INVENTION

The present invention is directed to a solid state

amplifier for emulating the compression associated with

an overbiased class-B push-pull tube amplifier at high

input signal levels due to the flow of current into the

15 grid of the output tubes resulting in a desirable
out;f:ut clipping characteristic with crossover
distortion. The invention includes at least one .pair

of class-B connected solid state devices. Each device

has an input circuit and an output circuit. The output

20 circuits are connected for mixing. Biasing means in
the input circuit of eath paired solid state device
establishes a clipping level offset at the input

circuit and at the output circuit of each device.
Clipping means in the input circuit and in the output

25 circﬁit clips the offset at the input circuit and the

offset at the output circuit of each respective solid



clipping val ue. Thus, the output tubes 16 and 18 becone over biased
beyond clkass-B and at severe output 20 clipping significant crosscver
distortion is generated as well. Consequently, at overload, the output
- signal of tube anplifier 10 will be clipped at the peaks. However, it wll
not be as "dirty" as a typical solid st@ate power anplifier operating under
the sanme 25 condi tions, because a large portion of the overl oaded
out put waveformis forced or conpressed into the severe 5 crossover

di stortion region (o] aysi Ci d ’ iscal in
nat-ure and "cl eangFﬁt%i é%?@?éss%?iﬁgtrﬁ%%ﬁ%e&s‘%ﬁﬂdl az%éa%jghaeg% f:% I er 131[
over | oad. Due t ehkhenpREPELESHPP dhefever | SAQ MRt Bignal &@Pgrbﬁ%exzero

crossover), the actual peak output clipping I's reduced™and is nor e

tolerable than thaghaalf bhedsoimgust dEipEind f inans|hi sadlEEnererdiaisinghus,
tube power anplifier conpression.

causing crossover distortion for emulating the

5 desirable compression associated with a tube amplifier.

BRIEF DESCRIPTION OF_ THE DRAWINGS

Fig. 1 is a schematic diagram of a known class-B
tube amplifier circuit;

_) 10 Fig. 2 is a schematic diagram of a solid state

~amplifier which emulates tube compréssion in accordance
with the present invention;

Figs. 3A-3F are waveform diagrams illustrating
tlube amplifier compression emulation of the present

15 invention.

DESCRIPTION OF THE INVENTION
A solid state emulator 100 of the invention is
shown in Fig. 2. Input signal is coupled to an
20 operational amplifier (OP AMP) 102 via coupling
capacitor 104 with resistor 106 providing a reference
to ground. The output of amplifier 102 drives upper
and lower circuits U and L including class-B biased,
push-pull connected emulator operational amplifiers
25 110U and 110L. Each OP AMP circuit 110U and 110L is a

unity gain stage that duplicates one of the output



10 SUMMARY CF THE | NVENTI ON The present invention is directed to a
soli'd state anplifier for enulating the compression associated with an
over bi ased cl ass-B push-pull tube anplifier at hi'gh input signal |evels due
- to the flow of current into the 15 grid of the output tubes resulting
I n a desirabl e output clipping charbcteristic W th crossover

di st:ortion. The invention includes at |east one pair of class-B connected
solid state devices. Each device has an input circuit and an out put

circuit. The outpuulds 16 ard 'Ll ii$ @i@dﬁ@im%&ﬁﬂ e s . amBl PEL &5
means in the input circuit of each paired solid state device establishes a

clipping level offsetshiwd Ha iFiut 1Gi r Thiet O2NAMBt ehli®aotpoircuicsi 1106
each device. Clipping means in the input circuit and in the output 25
circuit clips the and skiOlatartehd dempiicadi excieptafidrt hheoiicde @iredieioms put
circuit of each respective solid 6
discussed hereinafter. Thus, the reference numbers and
5 designations U and L will be used only where necessary.
The upper circuit U is discussed below followed by a
discussion of the differences in the lower circuit L.
In the upper circuit U, the output of amplifier
102 is coupled to amplifier 110 wvia resistor 112 and
) 10 capacitor 114. A diode 116 is coupled to ground at the
input!of amplifier 110. A resistor 118 is coupled to
an upper bias circuit 119 comprising the parallel
combination of diode 120 and resistor 122 to ground, in
series with resistor 124 to the -15 volt supply. The
15 output of amplifier 110 is applied to diode 126 via
resistor 128. The signal at diode 126 (i.e., the
output of the upper circuit U; is mixed with signal
from the lower circuit L via resistors 130U and 130L.
The mixed outputs are then amplified by output
20 amplifier 132 which is a non-inverting gain stage with
a feedback resistor 134, a ground circuit including
capacitor 136 and series resistor 138, and output
coupling capacitor 140.w'in order to provide a greater

offset voltage the diodes 120 and 126 may be multiple

25 diodes in series (not shown).



'st-ate_‘ device. Charging neans overbiases the offset in the input circuit
whenever the input signal is greater than said input clipping neans, said
over bi asi ng causi ng crossover distortion for emulating the 5 desirabl e
“conpression associated with a tube anplifier. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a schematic diagrangof a known class-B tube anplifier
circdit; 10 Fig. 2 is a schematic diagramof a solid state
anplifier which enmul ates tube conpression in accordance with the present
invention; Figs. 3A-3F ar mavequn1dia r ane illustrating tlube anplifier
conpressi on enul at i on Bt tORSFFRREXTY AFdodimeny, ddlpghx beI\W@PRY THE
| NVENTI ON A soliifstate enul.at.or. 100 qf the invention is.sho I n. Fi 2.
fnput signal is coupl &8 1% n cre‘&(?fer' ti orVé:frltsarﬁﬁ i g reathede 102
via coupling capacidor 4 W | S 1 Ldiyng a.nefer et
ground. The out pt%%_cﬁe alrrp i f \i,gérr}&]l %Irl%l\?éeg ggpgﬁgyﬁ dl g\?/erthg ﬁcnt?‘fts and L
including class-Bnd135%6%br 110 via resistor 118. This -0.6 volt input
5 bias offsets the output of amplifier 110 at the same
amount. PFurther, this offset is applied to diode 126
through resistor 128. Thus, output circuit diode 126
is biased into slight forward conduction at idle. The
lower emulator circuit L is identical to the upper
_) 10 circuit U except that the direction of diodes 116L,
120L and 126L are reversed or complimentary to the
diodes 116U, 120U and 126U. All other elements are the
same.
A low level input signal, e.g., a 1 volt peak sine
15 wave, is coupled in the upper circuit U via resistor
112 and capacitor 114 to the input circuit of amplifier
1100. The input is offset -0.6 VDC. The applied
signal has a negative peak value of -1.6 volts and a
;) positive peak value of +0.4 volts. Diode 116, whose
20 cathode 1is at ground, is reversed biased at the
negativé peak swing, and is forward biased at the
positive peak swing. However, diode 116 does not
conduct in the forward direction because the peak swing
is only +0.4 volts and diode conduction begins at +0.6

25 volts. The same signal swing occurs at the output of

amplifier 110 because it has a unity gain. The output



push-pul | connected enul ator operational anplifiers 25 110U and 110L.
"Each OP AMP circuit 110U and 110L is a unity gain stage that duplicates one
of the output 7 tubes 16 and 18 in the push-pull tube power anplifier 10
shown in Fig. 1. The OP AWP enulator circuits 11QU and 110L are identi cal
except for the diode directions discussed hereinafter. Thus, the reference
nunmbers and 5 designations Uand L will be used only where necessary.
The upper circuit U is discussed below foll owed by a discussion of the
differences in the,lower cir r circuit U the output of

anpl i 11 6r 1021 s SURRbA 4 AP ARRLLEED b7 aGtedes  LFo 148 ke 1 Gutput
N e g LT R e P
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126 clips the negative swing because it is forward

5 biased for this swing, and it allows the positive swing

to pass, because it is biased below 0.6 volts forward

and is in effect ultimately reverse biased. The

resulting waveform is shown in Fig. 3A as curve IU.

The waveform is a clean half sine wave in the positive

t) 10 direction and a clipped half sine wave in the negative

direction.

The lower'emulator'circuit.L'using'iower'amplifier
110L is identical except all the diodes are reversed
and lower the bias circuit 119L consisting of diode

15 120L, and resistors 118L, 122L and 124L therein creates
+0.6 volts at the anode of diode lower 126L (0.6 volts
being the typical forward drop of the diode). In the
lower circuit L the bias is applied to the input of

“} lower amplifier 110L via resistor 118L. This +0.6 volt

20 iﬁput bias then also offsets the output of amplifier
110L by the same amount. Further, this offset is
applied to diode 126 through resistor 128. Thus, diode
126 is biased.into slight forward conduction at idle.
A 1 volt peak sine wave applied to this lower emulator

25 circuit L is thus opposite the upper emulator circuit

U. As a result, a clean half sine wave is produced in



15 output of anplifier 110 is applied to diode 126 via resistor 128.
The signal at diode 126 (i.e., the output of the upper circuit U is mxed
with signal fromthe lower circuit L via resistors 130U and 130L. The
m xed outputs are then anplified by output 20 ~anplifier 132
which is a non-inverting gain stage mﬁtQ)a f eedback resistor 134, a ground
circuit including capacitor 136 and seHies resistor 138, and out put
coupling capacitor 140. In order to provide a greater offset voltage the
di odes 120 and 126 may be nultiple 25 di odes in series (not shown).
8 I'n the exenpl arthemzghtnene diterstion ethd ehelipped hadf sineuwavals
creates -0.6 volts at the cathode of diode 120), and this bias is applied
to the input of EPduced inothepeettiverdisectidmis THiS wavefonpuis5
bi as of fsets the oqutput ,of anplifier 110 at the sane anount. Further, this
of fset is appli ecPRPRi d@e EPg. 3A as curve IL. The two emulated
waveforms IL and IU are mixed together at node 131
5 creating a relatively clean sine wave as shown in Fig.
3C. To appreciate how these combine Fig. 3B shows IL
and IU superimposed.
At high level signals in the upper circuit U,
e.g., at a 3 volt peak sine wave, the input signal is
) 10 coupled via resistor 112 and capacitor 114 to the input
of upper amplifier 110. The input is offset -0.6 VDC.
If diode 116 were not present, the applied signal would
have a negative peak value of -3.6 volts and a positive
peak value of +2.4 volts. However, with diode 116
15 present and with its cathode grounded, it is reversed
biased at the negative peak swing, and forward biased
at the positive peak swing. Thus, diode 116 conducts
in the forward direction because the peak swing is
greater than +0.6 volts. Accordingly, diode 116 limits
20 the peak swing to +0.6 volts and clips the positive
waveform somewhat. Capacitor 114 charges in the
negative direction to allow the 3 volt peak sine wave
to pass with a positive peak value of +0.6 volts and a

negative peak value of approximately -4.6 volts. At

25 this condition, the average bias is -1.6 VDC rather



through resistor 128. Thus, output circuit diode 126 is biased into slight
forward conductd on at idle. The lower emulator circuit L is identical to
t he upper 10 circuit U except that the direction of diodes 116L, 120L
and 126L are reversed or conplinmentary to the diodes 116U, 120U and 126U.
Al'l other elenents are the sane. A low | evel input signal, e.g., a 1 volt
peak- si ne 15 wave, is coupled in Ife upper circuit U via resistor 112
and capacitor 114 to the input circuit of anplifier 110U. The input is

offset -0.6 VDC. hHif PR _Si gaglkeha [ %ggrv .
volts and a positive peak@vgpge og +8.e21 gg?tg.ﬁg%%ogd@ug , 0:'7sz(§“(2]'§)U]“36
cathode is at Or Giibh-biassd® S thdas8igmil dshdidgRdrs/e peak swi ng, and
is forward biased at the positive peak swing. However, diode 116 does not

conduct in the forwar d i mesiddnalbeealISEhé hsamneakignald sangnlocctlket atol t's
and di ode conduction begins at +0.6 25 volts. The sanme signal sw ng
occurs at the out mite outputl ofi anplifiéechlGas tishas shaniiputgaibecalize
output 5 the amplifier is a unity gain stage. This signal is
then applied to output diode 126, which is already
biased at zero crossing into a heavy forward conduction
due to the over-biased conditions. Hence, diode 126
clips the negative swing, (because it is forward biased
_) 10 for this swing) and it clips that porFion. of the
positive swing for which it is over-biased. Diode 126
then allows the remaining positive swing to pass
because it is biased below 0.6 volts forward and then
is ultimately reverse biased. The resulting signal is
15 thus asymmetrical, having spent more time in the
negative swing than the positive swing. This waveform
is shown in Fig. 3D as curve II U. The signal is a
partial clipped half sine wave in the positive
direction and a fully clipped half sine wave in the
20 negative direction with significant asymmetry.
The lower emulator circuit L using lower amplifier
110 is identical except all thé diodes are reversed.
Thus, it should be clear that a 3 volt peak sine wave
applied to the lower emulator circuit_ L will be

25 opposite the upper one. A partially clipped half sine

wave in the negative direction and a fully clipped half



9 signal is then applied to diode 126 in the output circuit, which as noted
above, is already biased at idle into a slight forward conduction. Hence,
di.ode 126 clips the negative swing because it is forward 5 bi ased for
“this swing, and it allows the positive swing to pass, because it is biased
bel ow 0.6 volts forward and is in effe ultimately reverse biased. The
resutting waveformis shown in Fig. 3A™as curve U The waveformis a cl ean
hal f sine wave in the positive 10 direction and a clipped half sine
wave in the negative direction. The |ower enmulator circuit L using |ower
anptifier 110L is sisentweomd iaxcelpd positireedddtestdon mdwdr sedyrainfl daaver
the bias circuit 119L consisting of diode 15 120L, and resistors 118L,
122L and 124L t hersiymnetayt aesul.té .voMhd sawavedcamode sthaNmoda [Bhger 3P6L
(0.6 volts being the typical forward drop of the diode). In _the |ower
circuit L the bi a®s C@byRi édlto tMExipguthepe two emulated waveforms

together at node 131 creates a clipped sine wave with

5 considerable crossover distortion as shown in Fig. 3F.
To appreciate how these combine, Fig. 3E shows the
signals IIU and IIL superimposed.

It is useful to point out the components in the

circuits of Figs. 1 and 2 that perform the same
.> 10 functions or act. in the same manner:

1: Resistors 32 and 34 (Tube) and Resistors
112U and 112L (SS) are source resistors for
the clipping'function.

2: 36, 38 (Tube) and 114U, 114L (SS) are the

15 coupling capacitors that charge to overbias.

3: 40, 42 (Tube) and 118L,, 118U (SS8) are the
bias source resistors.

4: Grid of 16, grid of 18 (Tube) and diodes

.) 116U, 116L (SS) provide the input clipping
20 mechanism.

5: 16, 18 in push/pull (Tube) and diodes 126L,
126U (SS) correspond as follows, in the tube
amplifier, each output tube supplies one
polarity signal swing to the output. In the

25 solid state amplifier, the diodes remove the

unwanted polarity output swing.



| ower anplifier 110L via resistor 118L. This +0.6 volt 20

‘then also offsets the output of anplifier 110L by the sane ‘anmount.

Furt her,

_ this offset is applied to diode 126 through resistor 128. Thus,
di ode 126 is biased into slight forward conduction at idle.
sine wave applied to this |ower enulatb3 25

the upper enulator circuit U As a result, a clean half sine wave is

produced in

10 the negative direction and a clipped half sine wave is

I nput bi as

A 1 volt peak
circuit L is thus opposite

produced in the positive difecth®ncudbi ampayeierm ikheShMut rbiFg%x%.l 4 as

curve
131 5

L.

The two emul ated waveforms IL and |U are m xed toge
creating a rel atdgpRity iGltRARWS BatWa¥ephssehsygnalsFt8. aBfve TO

her at node

appreci ate how these conbine Fig. 3B shows IL and | U superinposed. At high

| evel

signals in the upper demtidallowtmut tAibes i qghisipaakl bivia \eNe,
I nput signal is

5

10

15

- 20

output transformer. In the solid state
amplifier, identical input signaié are
applied to two emulators which are polarity
reversed, and the output signals are summed.

Finally, tube compression has a certain attack and
decay which is how fast the compression happens and how
long it takes to stop. The solid state emulator 100
acts in a similar manner. Additionally, depending upon
input waveform, different overbias conditions can occur
on each signal half cycle in the tube amplifier.
Similarly, the solid state emulator 100 can also
overbias in a similar manner.

While there have beéen described what are at
present considered to be the preferred embodiments of
the present invention, it will be apparent to those
skilled in the art that various changes and
modifications may be made therein without departing
from the invention, and it is intended in the appended
claims to cover such changes and modifications as fall

within the spirit and scope of the invention.

t he



10 . coupled via resistor 112 and capacitor 114 to the input of upper
“anplifier 110. The input is offset -0.6 VDC. If diode 116 were not present,

the applied signal would have a negative peak Vv and a
- positive peak value of +2.4 volts. However , E"“mmlulmglllﬂ‘ms
present and with its cathode grounded, 14t is rever’sed bitas®d &t ‘the
negati ve peak swing, and forward biased at the positive peak sw ng. Thus,
di ode 116 conducts in the forward direction because the peak swing is
greater than +0.6_volts. Accordi n%l y, diode 116 limts 20 t he peak
swing to +0.6 vol Wﬁe—ﬁdsi tive wavef orm sonewhat . Capaci t or
114 charge w.the 3 volt S|n wave

t o _pass Wi ?’h :anpf)g?t P\?gat)le\ellg l&(é:it ﬁga%QG%lgﬁf‘glgﬁd ?ﬂeﬁﬂﬁ?@glﬁga R&il ue
of approxi gat el y cé{nﬁ)r\é%l 8%8 %‘%\f‘géi:%ted v”‘.lhﬁ a?PBQéH;?Q e{igcflﬂserﬁg?x%{—?z s

-1.6 VDC rat her e upper rcu
over-biased for tpg3g Ehﬂ@aamﬁfﬂﬁhékogé-hlgh input signal levels due to

4 | a flow of current into the grid of the output tubes
5 resulting in a desirable output clipping characteristic
6 with crossover distortion comprising:
7 at least one pair of class-B connected solid state
8 devices, each including an input circuit and output
) 9 circuit, and the output circuit and said at least one
10 pair being connected for wmixing;
11 biasing means in the input circuit of each paired
12 solid state device for establishing a clipping level
13 offset at the input circuit and the output circuit of
14 each device;
15 clipping means in the input circuit and the output
16 "ecircuit respectively clipping the offset at the input
17 circuit and the offset at the output circuit of each
) 18 solid state device;
J) 19 charging means for ovexbiasing the offset in the
20 input circuit whenever the input signal is greater than
21 said input clipping means, said overbiasing causing
22 crossover distortion, emulating the desirable

23 compression associated with a tube amplifier.



As not ed above~_thE'saﬁE“STgnal SW ng occurs at the output_of anpli :

as is at the in the anplifier is a unity pa étﬁgﬁSBEENig
This signal is mm m&/m out put di ode 126, which is |al'r eagediisceed 1
zero crossing st okward conduction due to the

conditions. Hence, diode 126 clips thdsnegative swi ng, (because it is

forward biased 10 for this swng) and it clips that portion of the
positive swing for which it is over-biased. Diode 126 then allows the

remai ni ng jposi tive swing t ¢nHRASHIIGEAESE df EPabh aﬁe%@%b‘iw Er V@ dde
forward and then is ultimately reverse biased. The resulting signa |s 15

thus asymmetri calbiadiong NGesRENinMhfuti BBrchithefNegdld Yaisnid® sémigt he
positive swing. This waveformis shown in Fig. 3D as curve Il U The signa
is a partizdal clippeaktdaddvicae yanerise t heonebinevearyy recddes. and a ful ly
clipped half sine wave in the 20 negative direction with significant
asymmetry. The lower enulator circuit L using |lower anplifier 110 is

i dentical except all the diodes are reversed. Thus, it should be clear that
a 3 volt Peak sine wav®. The amplifier of claim 1 wherein the biasing

2 means in the input circuit of each solid state device
3 includes a diode and a resistor network coupled to the
4 input circuit.
) 1 4. The amplifier of claim 1 wherein the clipping
2 means in the input c¢ircuit and the output circuit
3 comprise complimentary connected diodes.
1 5. The émplifier of claim 1 wherein the solid
2 state devices comprise operational amplifiers.
}
1 6. The amplifier of claim 1 wherein the charging
2 means comprises a resistor capacitor network in the
) 3 input circuit of each solid state device.
1 7. The amplifier of claim 1 further comprising
2 | input amplifier means commonly coupled to the input
3 circuit of each solid state device.
Has Been\l‘i\eﬁird



applied to the lower enulator circuit L wll be 25 opposite the upper
one. A partially clipped half sine wave in the negative direction and a
fully clipped half 12 sine wave in the positive direction with
significant asymetry results. This waveformis shown in Fig. 3D as curve
L. M xing these two enul ated wave{grns together at node 131 creates a
clipped sine wave with 5 consi derabl e crossover distortion as shown in
Fig. 3F. To appreciate how these conbine, Fig. 3E shows the signals IlU and
1L superinposed. It is useful to point out the conmponents in the circuits
of " Figs. 11 and 2 that8.perThe nampbifiere ¢0 claimf dnduntherorcamixising he
sane manner: 1: Resistors 32 and 34 (Tube) and Resistors 112U and 112L
(SS) ar e2sour ce uEFu Gmp lidieph amegris slamgondic aopled fogedgivimme) and

114U, 114L (SS) are the ) .
3 the mixed output of the output circuits.

1 9. The amplifier of claim 1 wherein the offset at
2 the input equals at least one diode voltage drop and
3 the offset in the output circuit equals said at least
4 one diode voltage drop.

) 1 10. The amplifier of claim 1 wherein the gain of
2 each solid state device is unity.

gL



15 coupling capacitors ;that charge to overbias. 3: 40, 42
(Tube)*and 118L,, 118U (SS) are the bias source resistors. 4: Gid of 16,
grid of 18 (Tube) and di odes 116U, 116L (SS) provide the input clipping 20
mechani sm 5: 16, 18 in push/pull agube) and di odes 126L, 126U (SS)
correspond as follows, inthe tube akpBifier, each output tube supplies one

polarity signal swing to the output. In the 25 solid state
anplifier, the diodes renpve the unwantgd polarity output sw ng. 13 In
the tube anplifier, the input signagE i &split into tw out-of-phase signals
to drive identical output tubesggn‘EUsHDpuEQ viia the output transfornmer.

In the solid statQFS L |fﬁ§r, i dentical input signals
are i T .

N
3
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applied to two enulators which are polarity reversed, and the output
signal's are sumed. Finally, tube conpression has a «ertain attack and
decay which is how fast the conpression happens and how 10 long it
takes to stop. The solid state enulator 100 acts in a simlar nmanner.

Addi tionally, depending upon input waveforipsdifferent overbias conditions
-can occur on each signal half cycle in the tube anplifier. Simlarly, the

solid state ermulator 100 can al so 15 overbias in a simlar manner.
Wil e there have been described what are present considered to be the
pref erred enbodi nents of the present invef@kion, it will be apparent to
those skilled in the art that various chagges and 20 nodi fi cati ons may

be made therein w thout departing frqgaiQSLinvention, and it is intended in
t he appended clains to cover such change nd nodifications as fall within

the spirit and scope of the invention. -+
-
2
o~
~ [Te)
- ~D
: v —
(=]
n
— — éiavvév—ib
2 ( ; B
o~ -~ = o™~
| _——
[ - I
-
s g_4 _ g}
\\\\ — > > -
T =
Bk - z}
: ' — -+
3 - = - i 2
— =
-+ 1 = -+ 1 ad
d—
S 3/ S

[ 3

FIG.2
120U %\mu
s s

MU
16U
U"\—-
nL o
L~
116L
120L-

102

+

]

104
INPUT —]
106



_14 WAAT IS CLAINEDI_Sf 1 ' 1. A solid state anplifier for

erful ating the 2 conpressi on associated with an overbi ased cl ass-B
push- 3 pul | tube anplifier at high input signal |levels due to 4

a flow of current into the grid of the ?gtput tubes 5 resulting in a
desirabl e out put clipping characterist%c with crossover distortion
conprising:. 7 at |l east one pair of class-B connected solid state
8 devi ces, each including an input circuit and out put ) 9
circuit, gad the output circuit and said ag- | east one 10 pai r being
confected{for mxing; 11 bi asi ng{ means i the input circuit of
each pairgdd 12 solid state device for establ‘ ing a clipping | evel 13

of fset at jt
15
circuit rgspectiv
the of fset
chargi ng e

of 14 ach de

FIG. 34 FIG. 8D

LFIG. 3P FIG. 3FE

Flc.2C - FIG. BF



20 |nput circuit whenever the input signal is g;gater t han 21
sai d i nput clipping neans, sai d—overbiasing causi ng s sover |
dlstortPon gﬁulgtlng the desirable 23 conpr°§§ﬁbﬁH6§§HG§§#§H
with a tube anplifier. 15 1 172. The anplif| er oREALACED
wherein the diode 2 bi asing neans in input circuit-ofr said palr of
solid 3 state devices conprise conplinentary diodes. 1 . 3.
The anplifier of claim1l wherein the biasing 2 - ‘means in the input
circuit of each sdﬂﬁﬂ&gﬁﬁﬁe device 3 includes a diode and a resistor
network coupl ed to the i nput_circuit. 4. The anplifier
of claim 1 wherei %@ :ﬁ'ﬂﬂﬁ el COMPRﬁﬁﬁRON CEMEIIRput circuit and the
output circuit 3 conprlsq conpllnentary connected diodes. 1

5. The anplifier of cl&i mesolider sitatiche amplidfer fostaemullavings the

conprise operational anplifiers. 1 6. The anplifier of claiml
wher ei n the char gi fgPPression associated with an overbiased class-B push-

pull tube amplifier at high input signal levels due to
5 the flow of current into the grid of the output tubes
resulting' in a desirable output clipping characteristic
with crossover distortion is disclosed. The invention
includes at least one pair of class-B connected solid
state devices, each having an input circuit and an

101 output circuit. The output circuits are connected for’
mixing. A biasing element in the input circuit of éach
paired solid state device establishes a clipping level
offset at the input circuit and at the output circuit
of each device. A clipping element in the input circuit
15 and the output circuit clips the offset at the input
circuit and clips the offset at the output circuit of
¢ each respective solid state device. A charging element
| overbiases the offset in the input circuit whenever the
input signal is greater than the input clipping
20 element. The overbiasing causes_crossover distortion
for emula_til;g the desirable compression associated with

a tube amplifier.

Sheet Has Been Reilaced
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2, - means conprises a resistor capacitor network in the 3_ _ I nput _

cirgcuit .of each solid state device. 1 . 7. The anplifier of claim
1 further conprising 2 i nput anplifier nmeans commonly coupled to the
i nput 3 circuit of each solid state devi ce. 16 e 8——The
anplifier of claim1l further conprising 2 out put ajfp F?#&QEMEMﬂsHEET
comonly coupl ed for receiving 3 t_g]% m xed out put pf qtth(ﬂ Quippaut 199

circuits. 1 9. The anplifier claim1l vvhere'E.s.e.t..._.(:\._r .....
the input equals at |east one diode voltage drop and 3 =

t he out pu rcuit equals said at |east 4 one di ode voltage drop. 1
10. The a@—fﬂ Tof claim 1 wherein the gain of 2 each solid state

device is unity.

SOLID STATE TUBE COMPRESSION CIRCUIT

A solid state amplifier for emulating the compression associated with an overbiased
class-B push-pull tube amplifier at high input signal levels. A pair of class-B
complementary connected solid state devices, each has an input circuit and an
output circuit. The output circuits are connected for mixing. A biasing element in
the input circuit of each solid state device establishes a clipping level offset at the
input circuit and af the output circuit of each device. A clipping element in the
input circuit and the output circuit clips the offset at the input circuit and clips the
offset at the output circuit of each respective solid state device. A charging
element overbiases the offset in the input circuit whenever the input signal is
greéter than the input clipping element. The overbiasing causes crossover

distortion for emulating the desirable compression associated with a tube amplifier.

(Figure 2)
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2. The amplifier of claim 1 wherein the -diode
biasing means in input circuit of said pair of solid

state devices comprise complimentary diodes.

3. The amplifier of claim 1 wherein the biasing
means in the input circuit of each solid state device
includes a dicde and a resistor network coupled to the

input circuit.

4. The amplifier of claim 1 wherein the clipping
means in the input circuit and the output circuit

comprise complimentary connected diodes.

5. The amplifier of claim 1 wherein the solid
state devices comprise operational amplifiers.
) “
6. The amplifier of claim 1 wherein the charging
means comprises a resistor capacitor network in the

input circuit of each solid state device.

7. The amplifier of claim 1 further comprising
input amplifier means commonly coupled to the input

circuit of each solid state device.
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