.MELTI - STACGE SOLI D STATE AMPLI FI ER THAT EMULATES TUBE DI STORTI ON BACKGROUND
-OF THE | NVENTI ON The invention pertains to anplifiers for mnusical
iMstruments. In particular, the invention pertains to a solid state

mul ti-stage anplifier which has 5 distortion so that it sounds like a
tube anplifier when overdriven. Tube anplifiers are often preferred by

musi cal artists because tubes produce a distorted out put sound which is
famliar and thought to be nost pleasing. 10 Solid state anplifiers
are often preferredMibtTau8§TACEegOLINd STATR: AMRIMRIER FHATrEMELATES | TUBE
expensive to producBISEOBTHONe durabl e and consune | ess power. It is
difficult to make a_solid state anplifier produce a distorted sound like a
tube anplifier. KGR F THE IgN tubes available for use in
anplifiers has beconme scarce,and nmpre expensive. A known, tube _anplifier_10
is shown in Fig. 1. The ahfl iPVeRtien RecEpbRy GPt AmRkERbeES yEQH| Wa8icnlt he

vari ous el enents being noted for characterizin he . . ]
1ngtruments. fh partlcuf%rfJéhe invention pertains to

a solid state multi-stage amplifier which has
5 distortion so that it sounds like a tube amplifier when
overdriven.

Tube amplifiers are often preferred by musical
artists because tubes produce a distorted output sound
which is familiar and thought to be most bleasing.

10 Solid state amplifiers are often preferred because they
tend to be lighter, and are often less expensive to

'produce, are more durable and consume less power. It

is difficult to make a solid state amplifier produce a
distorted sound like a tube amplifier. Also, the

15 supply of tubes available for use in amplifiers has
become scarce and more expensive.

A known tube amplifier 10 is shown in Fig. 1. The
émplifier is described with exemplary values of the
various elements being noted for characterizing the

20 operation of the device. The amplifier 10 illustrated
in Fig. 1 is a pre-amplifier comprising four identical
tube sections 12, 14, 16 and 18 (e.g., four 12AX7 tube
sections), each tube section has a corresponding plate
resistor 20 (100 K ohm) and a cathode resistor 22 (1.5

25 K ohm). Each caﬁhode resistor 22 is bypassed with a

capacitor 24 (2.2 uF). With these plate and cathode



20 operation of the device. The anplifier 10 illustrated in Fig. 1 is :
a pre-anplifier conprising four identical tube sections 12, ‘14, 16 and 18
(e.g., four 12AX7 tube sections), each tube section has a correspondlng
plate resistor 20 (100 K ohn) and a cat hode resistor 22 (1.5 25 K
ohm . Each cathode resistor 22 is bypassed with a capacitor 24 (2.2 uF).
Wth these plate and cat hode 2 resistor values, a typical 12AX7
anplifier tube section will idle at approximately 1 mA of plate current,

approximately 1.5 volts at the cathode and about +200 volts at_ the ate
froma +300 vol t soﬁﬁﬁésgﬂrp‘@}‘f‘?@e aStyplcagr}%IA%Z\n ’rg’é&@é‘?eo?egtS
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capacitor 34 and grl prov groun er énce
for the volts at the plate from a +300 volt source. A positive

5 grid swing in excess of 1.5 volts peak will cause the
grid to conduct. A normal guitar input is coupled to
the grid of the first tube stage 12 by a coupling
capacitor 34 and a grid resistor 36. A resistoxr 38 is
coupled to the node between the capacitor 34 and grid

10 resistor 38 and provides a ground reference for the
input to tube 12. Feedback capacitor 40 (10 PF) is
coupled between the plate and grid of tube 12 and
provides some control of high frequency roll-off, known
as the Miller effect, which helps to keep the amplifier

15 stable at open input conditions. The signal from the
plate of amplifier 12 is coupled to input of amplifier
stage 14 via capacitor 42 and grid resistor 44.
Resistor 46 provides a ground reference for stage 14.
Resistors 44 and 46 act as a voltage divider. The

20 signal from stage 14 is likewise coupled to stage 16
via capacitor 48 and grid resistor 50, with resistor 52
providing a ground reference for the input and voltage
division. Finally,'the signal from stage 16 is coupled
to the stage 18 via capacitor 54, grid resistor 56 and

3

25 reference resistor 58 to ground also with voltage



i nput to tube 12. -

" Feedback capacitor 40 (10 PF) is coupléd bet ween t he

plate and grid of tube 12 and provides some control of high frequency
roll-off, known as the MIler effect, which helps to keep the anplifier.15
stabl e at open input conditions. The signal fromthe plate of anplifier
I's coupled to input of anplifier stage 14 via capacitor 42 and grid
resistor 44. Resistor 46 provides a grouhd reference for stage 14.

Resi stors 44 and 46 act as a vol tage divider. The 20 signal from
stage 14 is |likew se coupled to stage 16 via capacitor 48 and _grid resistor
50, with resistor 531pi8iP@i ng Thegrdthrity Ffratreef d8 LHe dompledart® vidhe age
the signal fromstage 16 is cqupled to the stage 18 via
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well as the values of the divider resistances 44/46,
50/52 and 56/58 are chosen in a known manner to provide
good distorted sound. Typically, with a guitar level
input signal applied, the first stage 12 is clean and
free of distortion, although with some high level
guitars, even this stage clips at times. The first
stage output signal level is high enough to cause input
clipping at the second stage 14 because the grid of the
second stage 14 is driven posiﬁive with respect to the
cathode and conducts for a substantial portion of the
input cycle. Input clipping at stage 14 results in an
average negative voltage on the grid, causing the
operating point of the second stage 14 to shift
dramatically resulting in a significant amount of
second harmonic distortion. The signal at the plate of
the second stage 14 resembles a square wave with about
two-thirds of the period spent in the positive half
cycle. The plate of the secca.ﬁd stagé 14 has a high
enough signal level to cause significant input clipping
at the third stage 16. Here too, the grid swings
positive with respect to the cathode. Thus, input
clipping causes the operating point of the third stage

16 to shift. This is repeated yet one more time,



Thie coupling capacitor values 42, 48 and 54, as well as the val ues of the
di vider resistances 44/46, 5 50/ 52 and 56/58 are chosen in a known
nmeEnner to provide good distorted sound. Typically, with a guitar |evel

i nput signal applied, the first stage 12 is clean and free of distortion,

al t hough with sonme high level guitars, gven this stage clips at tinmes. The
first 10 stage output signal level 1s high enough to cause input
clipping at the second stage 14 because the grid of the second stage 14 is
driven positive with respect to the cathode, and conducts for a substanti al
portion of the i npufe@Yklng |ipuinRyt ppl PR A Pneratelng (ROINF Fhiyt:
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16. Here tog, the gﬁépaéfﬁggﬁoint shifts and is thus rich in harmonics.
All of this essentially results in a characteristic
sound which is referred to as good tube sound.

In the exemplary pre-amplifier 10 illustrated in
Fig. 1, the available peak plate swing in the positive

10 direction for any stage is about 100 volts (i.e., about
one-half the plate voltage). Further, each grid
conducts at a positive peak swing of about 1.5 volts.
The ratio of 100 to 1.5 or 66.7 is a high number, and
its value is important to shift the operating point of

15 each stage enough to generate the appropriate amount of
second harmonic distortion. The values of divider
resistors 44/46, 50/52 and 56/58 are also critical, and
are carefully chosen to set just the right amount of
input clipping and resulting second harmonic distortion

20 to produce a pleasing sound.

Of note here are two key ingredients in the so
called distorted tube sound. First, the tube
characteristics themselves with the 100 volt output
capability and only a 1.5 volt input clipp}ng

25 capability or level is unique and required for

successful generation of the second harmonic



‘positive with respect to the cathode. Thus, input 25 cli ppi ng causes
the operating point of the third stage 16 to shift. This is repeated yet
one nore tine, 4 resulting in input clipping and operating point shift
of the fourth stage 18. The output at the plate of the fourth stage 18 has
gone through several different levels of ¢lipping at the input and out put
and several 5 operating point shifts and is thus rich in harnonics.

Al'l of this essentially results in a characteristic sound which is referred

to asl?ood tube_soug@sﬁg% t%ﬁafég | % Rre- I|f£ggel%8hhhgstggggggagn
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being plucked by the musician. Although more or fewer

5 stages may be employed, at least three, and preferably

four stages are required to achieve the desired
distortion sound sought by most musicians.

There is, therefore, a need for a solid state

amplifier which is capable of replacing the various

10 tube stages in a multi-stage pre-amplifier, and which

mayibe overdriven to emulate the tube sound produced by

the such known tube amplifiers.

SUMMARY OF THE INVENTION
15 The invention is based upon the discovery that the
distortion associated with the flow of current in the
grid of a tube amplifier operated at high input levels
is duplicated in a multi-stage solid stage amplifier by
means of a clipping device in the coupling circuit
20 between stages.
- The invention comprises a multistage solid state
amplifier for emulating the distortion associated with
a tube pre-amplifier when overdriven. The invention
includes a plurality of solid state tandem or series
25 connected amplifier stages having an input circuit and

an output circuit. Each downstream stage has its input



15 each stage enough to generate the appropriate anpbunt of second °
har noni ¢ di stortion. The val ues of divider resistors 44/46, 50/52 and

56/ 58 are also critical, and are carefully chosen to set just the right
anount of input clipping and resulting second harnonic distortion 20

to produce a pleasing sound. O note heée are two key ingredients in the so
called distorted tube sound. First, the tube characteristics

t hensel ves with the 100 volt output capability and only a 1.5 volt input
clipping 25 C [kt | evel . | | ) L r
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necessary for a sustained distortion sou as the guitar output Tevel

after being pluckeghByihpetMusieudh b&tiBEHIBNEDEEagEs ever 5 stages
may be enployed, at least three, and preferably

In a particular embodiment, each solid state

5 amplifier stage includes a field effect transistor
(FET) having its output terminal coupled to the input
of the next downstream stage and the diode is located
in the input circuit so as to duplicate the desirable
input c¢lipping characteristics of a tube amplifier,

10 wherein the ratio of the output capability to the input:
clipping level between stages is sufficient to result
in adequate second harmonic distortion.

In another embodiment, each solid state amplifier
stage comprises a transistor. An alternative

15 arrangement employs a Darlington transistor. When
separate transistors are Darlington connected, an
internal base resistor to ground may be employed to
improve turn-off characteristics of each stage.

In yet another embodiment, an input diode is

20 employed with a multilevel bias circuit to duplicate

the input characteristics of a tube amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of a known
25 vacuum tube amplifier which exhibits a desirable

distorted output;



four stages are required to achieve the desired distortion. sound sought by
nost nusicians. There is, therefore, a need for a solid state anplifier
which is capable of replacing the various 10 tube stages in a

mul ti-stage pre-anplifier, and which may be overdriven to enul ate the tube
sound produced by the such known tube anplifiers. SUMVARY OF THE | NVENTI ON
15 . The invention is based upon the discovery that the distortion
associated with the flow of current in the grid of a tube anplifier
operated at high input |gygls 3 sidlupl beabRACiE 31Muskira®idae o014 dnalege
anplifier by means of a clTpping device in the coupling circuit 20

bet ween stages. ThegtRyensé6PIdEHEYd %ﬂ?l&fméh:{ hetegaingltdl tsleainvanpliohi er
for emulating the distortion associated with a tube pre-anplifier when
overdriven. The invempleyinac FBtesievipay,alwlijchnfenulatest che Gaatdentoon
series 25 connected anplifier stages having an input circuit and an
out put circuit. Eachndospshdeproshzed basknbwni hpbe amplifiers;

5 Fig. 3 is a schematic illustration of a particular
embodiment of a multi-stage solid stage application
according to the invention; and

Fig. 4 is a schematic illustration of another

embodiment of the invention similar to the arrangement

10 of Fig. 2 wherein each FET is replaced by a Darlington
connected pair of transistors and a bias circuit with

multiple biasing levels along with an input diode.

DESCRIPTION OF THE INVENTION

15 The present invention as illustrated in Fig. 2, is
directed to a solid state multi-stage amplifier 110
which uses components arranged in a manner similar to
the known device of Fig. 1. In Fig. 2, the components
are numbered with reference numerals which correspond

20 to the reference numerals of Fig. 1 in a 100 series,
and the tube sections of the known device have been
replacéd with four solid state amplifier stages 112,
114, 116 and 118. The devices illustrated are field
effect transistors (FET) sometimes referred to as J-FET

25 devicéé, which are sﬁpplied by a 40 volt supply. Each

amplifier 112-118 has a source S, a drain D and a gate



6-circuit coupled to the output circuit of an upst ream st age. A-CIippingT
device such as a'diode is coupled in the input circuit between the stages.
In a particular enbodinent, each solid state 5 anplifier stage
includes a field effect transistor (FET) having its output term nal coupled
to the input of the next downstream stage and the diode is located in the
input circuit so as to duplicate the desirable input clipping
characteristics of a tube anplifier, 10 wherein the ratio of the

output capability to the input clipping |evel between stages is sufficient
to result in adequa® el Rg ﬁd&l@td-’astte@rt i She ﬁﬁaéﬂ&%%?rw&%
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a drain resistor 120 similar in value to the plate

5 resistor in Fig. 1 (100 K ohm). In addition, each

stage employs a bias circuit including a resistor 122

(33 K ohm) and a bypass capacitor 124 (2.2 uF) in

parallel. The source S is coupled through the source

resistor 125 and the bias circuit to ground in a self

10 biasing configuration, as shown. In addition, each

source S has a source resistor 125 (1 K ohm) to set the

gain nominally at 100, which is similar to most tube

stages. The drain and source resistor values are

adjusted so that each FET stage 112, 114, 116 and 118

15 with a pinch-off voltage of approximately 6 volts will

idle at approximately 180 uA of source current. Each

will have approximately +22 volts at the drain D and
approximately +6 volts at the source S.

In Fig. 2, the drain D, or output, of stage 112 is

20 : coupled to the gate G, or input, of stage 114 by

coupling capacitor 142 and gate resistor 144. Resistor

146 provides a ground reference to the gate G of stage

114. Also, resistors 144 and 146 act as a voltage

divider. Similarly, as jli Fig. 1, the successive

25 stages 116 and 117 are coupled by a corresponding

combination of a coupling capacitor, gate resistor and



I n" yet anot her enbodi ment, an input diode is 20 enployed with a
multilevel bias circuit to duplicate the input characteristics of a tube
anplifier. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic
illustration of a knowmn 25 vacuum tube anplifier which exhibits a
desirabl e distorted output; 7 Fig. 2 i§ a schematic illustration of a
multi- stage solid state anplifier according to the invention, enploying
FET devi ces, which enul ates the distortion and sound produced by known tube

anplifiers; 5 Fig. 3 is a schematic illustration of a particular
enbodi ment of a mil Wefsmgweofésistagel4ppl15atand d52oaddngsee uls€ and
invention; and Fig. 4 is a schematic illustration of another embodi ment of

the invention sim | &5% oresreciieigenenthaofinal stagegllf isecoupledctdFET

is replaced by a Darl ington
P y hegkutput by means of coupling capacitor 160. The

input stage 112 has a Miller capacitor 140 between
5 drain D and the gate G, as illustrated.

In Fig. 2, without the clipping means, the
available peak drain signal output capability or swing
in the positive direction for any stage is about 18
volts, i.e., the difference between the drain D and the

10 source S. In each amplifier stage 112-118, the gate G
operates as a diode which conducts at a positive peak
of about 7 volts. Thus, the ratio of the drain output
capability (18 volts) and the gate swing (7 volts) is
about 2.57. This ratio is insufficient to cause

15 adequate second harmonic distortion.

In the present invention, clipping means is
provided between the stages. In the embodiment
disclosed, clipping may be achieved by means of diodes
162, 164 and 166 provided in parallel with the

20 corresponding reference resistors 146, 152 and 158 in
each of the respective stages 114, 116 and 118. Each
diode 162, 164 and 166 has its cathode coupled to
ground and its anode coupled to a node between the
divider resistors 144/146, 150/152 and 156/158 of each

25 stage. Each diode 162, 164 and 166 conducts in the

forward direction and thereby establishes a clipping



connected pair of transistors and a bias circuit with nultiple biasing

| evel s along with an input diode. DESCRI PTI ON OF THE | NVENTI ON 15

The present invention as illustrated in Fig. 2, is directed to a solid
state multi-stage anplifier 110 which uses conponents arranged in a manner
simlar to the known device of Fig. 1. IhOFig. 2, the conponents are
nunbered with reference nunerals which correspond 20 to the reference
nunerals of Fig. 1 in a 100 series, and the tube sections of the known
devi ce have been repeveddatn appfeximatodlyl 1 .& aodigsl chapgesinggaté 18ying 4,
116 and 118. The devices illustrated are field effect transistors (FET)
sonetines referred @ emulareTdpstortiogegpsesiabpd cWitth cgxigprerdugyian 40
volt supply. Each anplifier 112-118 has a source S, a drain D and a gate
8 Gtermnal as ill#8tRattdde BIPHEIer D cBReeEBbAas Ofo tife Haiutsbgnake

device, and the gate G corres oqgs to . ..
output capability or swing (+18 V) to the gate clipping

5 level (+0.5V) is 18/.5=36, which is not as high as a
tube circuit. However, while a higher ratio is
desirable, in a solid state circuit, a ratio of about
30 is sufficient to cause adequate second harmonic
distortion in each stage. Accordingly, the solid

10 state, multi-stage pre-amplifier 110 of the invention
produces distortion performance which is quite similar
to that of the tube circuit in Fig. 1 by employing a
low level input clipping means, such as diodes 162, 164
and 166.

15 It should be understood that other solid state
devices may be employed other than the J-FET type
devices and the diode illustrated. Also, gain,
coupling and high-frequency characteris-tics may be
tailored by changing the various element values.

20 However, the clipping means provided between stages is
effective to produce the operating second harmonic
distortion which causes tube-like sound from a solid
state amplifier.

Fig. 3 is an illustration of another embodiment of

25 a multi—stéée, golid state 210 amplifier according to

the invention. Similar elements have similar reference



the input of the device. Eath stage 112-118 includes a drain resistor 120
simlar in value to the plate 5 resistor in Fig. 1 (100 K ohm. I n
addi tion, . each stage enploys a bias circuit including a rlesistor 122 (33 K
ohm and a bypass capacitor 124 (2.2 uFi in parallel. The source Sis
coupl ed through the source resistor 125 Lnd the bias circuit to ground in a
self 10 bi asi ng configuration, as shown. In addition, each source S
has a source resistor 125 (1 K ohn) to set the gain nomnally at 100, which
is simlar to nostyjuhs e ai r : @5l St u are
adj usted so that éggh Fé%%ggggnglgg E g: %i%pgh%@?lggf%gé' ﬂ§f¥ﬁ$é%§
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uA of source current. Each will have approximately +22 volts at the drain D
and approxi mat el y fikkad|disridlert e sietose Da4! andi M6 betvweenisiagds 1002
out put, of stage 112 is 20 coupled to the gate G or input, of stage

114 by coupling capetilt. 14Phandigetreisesouphedlid. tResiinpmt b6 guame des
a ground reference to the gate G of stage 114. Also, resistors 144 and 146
act as a vétage 214 and the potentiometer 213 allows maximum distortion
in the CW direction where the maximum signal is applied
to stage 214.
At the output, a potentiometer 261 is coupled to
the coupling capacitor 260. The wiper acts as the
10 output terminal. The output level is maximum when the
wiper is in the full CW position. The ability to
independently vary the distortion and to vary the level
adds versatility to the circuit and allows the artist
to tailor the distorted sound and volume at will.
15 Fig. 4 is an illustration of another embodiment of
a multi-stage, solid state 310 amplifier having stages
312, 314, 316 and 318 according to the invention.
Similar elements have similar reference numbers as
shown in Fig. 2 in a 300 series. In Fig. 4, however,
20 a pair of Darlington connected transistors 312A-312B,
314A-314B, 316A-316B and 318A-318B is substituted for
each corresponding FET 112, 114, 116 and 118. A
multilevel biasing system with an.input diode 374 is
also provided. An internal base resistor 370 for each
25 stage may be employed for favorably affecting the turn-

off characteristics.



di-vi'der . Simlarly, as in Fig. 1, the successive 25 - stages 116 and
117 are coupled by a correspondi ng conbi nati on of a coupling capacitor,
gate resistor and 9 reference resistor 148, 150 and 152 and 154, 156 and
158 ‘respectively. The final stage 118 is coupled to the output by neans of
coupling capacitor 160. The input stage2112 has a MIler capacitor 140

bet ween 5 drain D and the gate G as illustrated. In Fig. 2, wthout
the clipping nmeans, the avail abl e peak drain signal output capability or
swing in the positive dtée tion for any stage,is about 18, volt,s,,.i t he

difference between the Hafh9p 4nd fhfe 181rcuit fppeEien anﬁ%ﬂﬁ}%ﬁ;ﬁ?fier
t 112-118, th t di od i ch dyct t [t
peak of about 7 VaTTAL TRUEIBE T at HOBYST het HF e RS0 R ep oo A 1T Y 16
vol ts) and the gatg, syl g4 7 ﬁ’rcgﬁﬁsééréb%lflo%lé7costTh<J=u§dr%éxqféfmance

i nsufficient to cause
advantages. The FET devices described above require a

5 tight pinch-off voltage limit which increases the price
considerably. For the transistor devices, the input
essentially looks like two diodes which is predictable
in terms of performance. |

The amplifier 310 of Fig. 4 uses a pair of NPN

10 type Darlington connected transistors 312A-312B, 314A-

314B, 316A-316B and 318A-318B for each stage. The NPN

type is chosen because the supply is a positive 40V.

A negative supply would allow an opposite device type.

Alternatively, a single transistor would operate in the

15 embodiment discussed herein. However, a single

transistor would not offer a gain or input impedance to

match that of the tube or the FET. Thus, paired

transistors are preferred. An integrated Darlington

NPN transistor may also be used. However, the discrete

20 transistors offer slightly better performance at high

frequencies, because access to the internal base

connection is awvailable. In addition, discrete
transistors cost less.

The design of Fig. 4 requires a circuit

25 arrangement to bias the transistors. Accordingly, a

separate bias supply VCC is provided. The bias voltage



15" adequat e second harnonic distortion. In the present “inventi on,

clipping neans is provided between the stages. In the enbodi nent
di scl osed, clipping may be achi eved by neans of di odes 162, 164 and 166
provided in parallel with the 20 correspondi ng reference resistors

146, 152 and 158 in each of the respectiug stages 114, 116 anq 118. Each
di ode 162, 164 and 166 has its cathode coupled to ground and its anode
coupled to a node between the divider resistors 144/146, 150/ 152

and, 156/ 158 of eachfgs the ﬁr@:e-sta%%cmlg%]% é{ﬁsp%%g@&da}gﬁfgenggggi '

the forward direction and thereby establishes a eve

approxi mately +0.5 waldl S Cishitth | Pigdt fo3rhgs 8 %é'datﬁldiéﬁé’riréﬂaiﬂing
associated with grid conduction in a tube anplifier. The ratio of the ¢

drain signal output thapabstagygs B1svBTR. (THOLM dxeniglaakabodinenty 511
| evel (+0.5V) is 18/.5=36, which is not as high as a

stages 312-318 employ respective 470K bias supply
5 resistors 338, 346, 356 and 358 and 150K collector
resistors 320. Each inter-stage has a corresponding
iﬁput diode 362, 364, 366 to cause the operating point
shift therein. Further, each stage has a 470K base
resistor 370 from the available internal base to ground
10 in the base emitter circuit between the transistors to
improve the turn-off characteristics. The input stage
312 has an input diode 374 for better tube input

circuit emulation as discussed hereinafter.
Many of the newer or more contemporary guitars
15 provide a relatively high output voltage, e.g., 3-5V.
It is thus important to have good preamp input
overload. Accordingly, the first stage 312 has been
biased to duplicate the input overlocad of a typical
12AX7 tube grid by providing a multilevel bias

20 arrangement.

In the arrangement, bias circuit 380 includes a
divider network including resistors 382, 384, 386 and
388 and filter capacitors 391. Resistor 382 is coupled
to the anode of input diode 374 and establishes a diode
25 bias level (e.g., 3.5V DC) for stage 312. Resistor 384

is coupled to the base resistor 338 for establishing



tube circuit. However, while a-hirgher ratio is desirable, -in a solid
state circuit, a ratio of about 30 is sufficient to cause adequate second
harmoni ¢ distortion in each stage. Accordingly, the solid 10 st at e,
mul ti-stage pre-anplifier 110 of the invention produces distortion
performance which is quite simlar to thaly of the tube circuit in Fig. 1 by
enploying a low | evel input clipping neans, such as di odes 162, 164 and
166. 15 It should be understood that other solid state devices

b I d h J- FET [ he ., di .
T ustrated. - A sbbe BAPS. BEaBnPEgARE Hidn Brdqacacs "oRS) act BEFLELET
may be tail ored by %%%“%ld{lﬂ %E§d¥a@e%‘isst%'ref‘?§§ %ékgﬁiisﬁoa co rkls’éi"eg;%s
the clipping nmeans provi ded between stages is effective to prodﬂce t he

operating second hayEnRhGedishor thonaubhel: 6aHS Gtaile 140 50U LATA

solid state anplifier. Frg. 3 1s an illustration off another enbodi nent of

25 a nmulti-staqe, gsol nds#t &g .210 anplifier according to the
invention. Simlar elenents have simlar reference
5 As noted in the exemplary embodiment, VCC is

divided to establish a 2.5 volt base bias supply, a3.5

volt diode supply and a common 1.5 volt supply. In

each of the stages 314-318, the corresponding clipping

diode 362, 364, 366 is also connected to the common 1.5
10 volt supply.

In the exemplary embodiment, with the first stage
input transistor 312A base is biased at 2.5 volts, the
emitter of output transistor 312B finds itself at about
1.5 volts (i.e., two diode drops 0.5V), which is the

15 same value as the cathode in the previously described
tube circuit (Fig. 1). This means that a negative peak
swing of 1.5 volts at the input of this stage 312 will
cause the operating collector current to go to zero
(negative clipping) . Such is also the case for that of

20 the tube circuit of Fig. 1. Thus, the circuit of Fig.
4 looks like a tube circuit input.

The first stage input diode 374, conducts at 0.5V.
The 3.5 volt supply, is 1 volt greater than the base
supply voltage. The sum of the diode bias voltage of

25 3.5V plus the diode drop of .5V equals 4V which is 1.5V

above the base bias voltage of 2.5V. This means that



nuimbers as shown in Fig. 2 in a 200 series. In Fig. 3, however, a
potentionmeter 213 is substituted for the fixed divider resistors 144 and
146 between stages 112 and 114. The wiper is coupled to the input of stage
5 ‘214 and the potentioneter 213 allows maxi numdistortion in the CW
direction where the maxi numsignal is app%%ed to stage 214. At the output,
a potentioneter 261 is coupled to the coupling capacitor 260. The w per

acts as the 10 output termnal. The output IeveI i S maxi mum when Lhe
W per is in the fuII Qsd.f1on h ependen vary the
distortion and to var Jtve%gleagdag geg iﬁ‘%’ pEFr‘B% '%/hla?mfté}g%ws

}:PS azft : it a'f’lol Hiluls?; atron éjd"fé oY 1%%%:(18& %Evgbgmé% m@ c%t%@% forge @n
state 310 anplifier gggggghﬁ%a§g§nglg itt4 (poirard 3 &ggﬁgﬁg@dlngTHggﬂ¥%

invention. Simlar elenent ave sim ar reference nu
also the case for that of the tube circuit. Thus, the

5 circuit of Fig. 4 matches the input dynamic range of
the tube circuit.

As noted in Fig. 2, capacitor 340 provides some
controlled high frequency roll-off (Miller effect), and
the emitter of 312B has series resistors 322 and 325 to

10 ground, with resistor 322 bypassed with capacitor 324.
This circuit arrangement provides idle current and gain
values to cause overload conditions that match a
typical tube first stage. A series circuit, including
a resistor 390 and capacitor 392 is coupled across the
15 emitter circuit to achieve a high frequency boost.

The first stage output signal is coupled to the
input of the second stage 314 thrbugh capacitor 342 and
resistor 344 in a way similar to the arrangement of
Fig. 2. The remaining three stages 314, 316 and 318

20 are similar, although component values may change to
achieve the desired amount of clipping, operating point
shift and frequency response to produce a pleasing
overload sound. For example, inter-stage coupling is
provided by capacitors 342, 348 and 354 and resistors

25 ;44, 350 and 356. In each downstream stage 314-318,

the emitters have dual series resistors 322-325 to



shown in Fig. 2in a 300 series. In Fig. 4, however, 20 a pair of’
Darl i ngton connected transistors 312A-312B, 314A-314B, 316A-316B and
318A-318B is substituted for each corresponding FET 112, 114, 116 and

118. "A nmultilevel biasing systemwth an input diode 374 is al so
provi ded. An internal base resistor 370 for each 25 ~stage nay be
enpl oyed for favorably affecting the turd® off characteristics. 12 In

Fig. 4, the circuit function is simlar to that of Fig. 2. However, the
use of the Darlington connected transistors allows cost and perfornmance

advant ages. The FETI&eWnce antksiehe bggouhdy sesdglipre 3225 is bypaghed with
pinch-off voltage limt which increases the price considerably. For the
transi stor devi ces, SPRECHPE é24enti AAl§el ofte@ch i IidagRo empdeyswhiselries

[ [ . .. The anplifier 310 of Fig. 4 uses a
B;??ISEaRLﬁ 'n tern%e%&s%%&LOB n%%d capacgEors 392 to groung to provide

high frequency boost. The output is delivered via
5 capacitor 360.

The available peak collector swing in the poéitive
direction for any stage is about 20 volts. Each of the
three inter-stage clipping diodes 362, 364 and 366
conducts in the forward direction at approximately 0.5
10 volts. Thus, the ratio of input swing to clipping
voltage 20/.5 = 40 is adequate to cause the operating
point shift of each stage, and the distortion
performance is very similar to that of a tube circuit.
It should be understood that the input diode 374
15 may be employed with an appropriate bias circuit in the
arrangement of Figs. 2 or 3. This circuit allows the
circuit to have the same input characteristics as a

tube circuit.
In the arrangement of Fig. 4, a volume
20 potentiometer similar to the potentiometer 213 may be
inserted in the circuit after capacitor 342, and a
master volume potentiometer similar to the
potentiometer 261 may be connected after capacitor 360.
It should be noted that this invention is not
25 simply a diode clipping means, and an operating point

shifter. Several U.S. patents discuss operating point



10° type Darlington connected transistors 312A-312B, .314A- 314B,

316A- 316B and 318A-318B for each stage. The NPN type is chosen because the
supply is a positive 40V. A negative supply would allow an opposite device
type. Alternatively, a single transistor would operate in the 15

enbodi nent di scussed herein. However, a single transistor would not
offer a gain or input inpedance to match it/hat of the tube or the FET.

Thus, paired transistors are preferred. An integrated Darlington NPN

transi stor may al so be used. ‘However, the discrete 20 transi stors
of fer slightly bettehiferflyr nueessatohi gh fliedeenciissy lesalsdnaccessond
the internal base connection is avail able. In addition, discrete

transistors cost |eB3rmypieqligtprisiorn gThe ingntion @Plaw&uhebﬁﬁportantl:
t to bia he transistors. . Accordingly, a separate bias su
Sgca?gegfg\/i ded. ! T?,@;[.g?age%ml&fe a dipde with ag myere 0.5?] forward voltgg?ey

clipping value, when driven from a typical solid state

5 device with an output capability of about 20 to 30
volts will closely match the particular output/input

ratio of the existing tube circuits and therefore
closely emulate the tube sound. The present invention

also teaches that multiple operating point shifts

10 produced by multiple stages generate a multiplicity of
levels and amounts of second harmonic distortion over

a wide range input signal levels. The invention
further shows a way to duplicate the input overload
characteristic of the typical first stage of a tube

15 circuit with a solid state device. The result then, is
the so-called tube distortion sound; a sound that can

be generated almost exactly with solid state devices.

While there have been described what are at

present considered to be the preferred embodiments of

20 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

25 within the spirit and scope of the invention.
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for the first stage 312 is adj ust vel and a ¢ g dUERS HAS BEEN
voltage is used for the renainin uu%ﬂ ! j -318. In-tile exXegEPEAYED

enbodi nent., all stages 312-318 e

470K bi as sthp

.
o

resistors 338, 346, 356 and 358 and 150K coll ector resistors 320. Each
inter-stage has a correspondi ng input digde 362, 364, 366 to cause the
operating point shift therein. Furt her, each stage has a 470K base
resistor 370 fromthe available internal base to ground 10 © in the base

emtter circuit begmﬁ Il stors to inprove the turn-off
characteristics. he-ﬁﬂﬂ%ﬁi§#%§§i%;§ has an input diode 374 for better tube

i nput circuikt emulation,as dhs%&ﬁ_ £ ré% ?R] Ff-%@

cont enpor ary gU|tars 15 provi

Ul P DENRS 6T e

I'gh out

€.g., 3-5V.alt is s rReH AHdL1aE WO BT ¢30R 'dHOLEuﬂY&{& Oi‘H the
Accordingly, the first stage 312 has been biased to duplicate the 1 nput

overl oad of 3a typi e@lidl 2/X7ahUbGettbirdvBy RQidigtage riddd | aMglibias 4@
arrangenment. In the arrangenent, bias circuit 380 includes a

4 high input signal levels resulting in a desirable input

5 clipping characteristic comprising:

6 a plurality of series connected solid state

7 devices each inclﬁding an input circuit and an output

8 circuit having an output signal capability, each

9 downstream stage having its input circuit coupled to
10 the’output circuit of an upstreaﬁ stage; and
11 clipping means in the input circuit between each
12 of the stages for establishing a clipping level between
13 such stages, duplicating in such solid state amplifier
14 the desirable input clipping characteristic of a tube
15 amplifier wherein the output signal capability and the
16 input clipping level between stages are in a ratio
17 sufficient to result in adequate second harmonic
18 distoxtion.

1 2. The amplifier of claim 1 wherein each device

2 comprises a field effect transistor.

1 3. The amplifier of claim 1 wherein each device

2 comprise; a transistor.

Sheet Has Been Replaced

TN




THIS SHEET HAS BEE

di vi der network including resistors 3 4. 386 and 388 and. f |l ter REPLACED
capacitors 391. Resistor 382 is coupl ﬁuwmn\ I nput d _
establ i shes a di ode 25 bias | eve for stage 312.

Resi stor 384 is coupled to the base resistor 338 or "est abl i shi ng 14 the
base bias of stage 312 (e.g., 2.5V DC). Resistor 386 and di ode resistor 388
establish a common bi as voltage for the dé&wnstream stages 314-318, as shown
(e.g., 1.5v DC). 5 As noted in the exenplary enbodinent, VCCis

divided to establish a 2.5 volt base bias supply, a 3.5 volt diode supply
and a common1l.5 volt sugpl yThel ampadifiet bliccibafes whérdif, ehbB device
correspondi ng clipping diode 362, 364, 366 is also connected to the common
1.5 10 2ol t supphprlbnsthenax&ipbabn erhadisent. wWwith the first stage
i nput transistor 312A base is biased at 2.5 volts, the

1 5. The amplifier of c¢laim 4 wherein the
2 Darlington transistor is integrated.

1 6. The amplifier of claim 4 wherein the
2 Darlington transistor comprises discrete elements.

1 7. The amplifier of c¢laim 6 wherein the
2 Darlington transistor includes a base-emitter circuit
3 and a bias resistor coupled between the base-emitter
4 circuit and ground.

1 8. The amplifier of claim 1 wherein the clipping
2 means comprises a diode.

1 9. The amplifier of claim 8 wherein the output
2 signal capability is effective to forward bias the
3 diode in the input circuit of the next amplifier stage.
1 10. The amplifier of claim 8 wherein the diode
2 produces forward voltage clipping at about .5V.

1 11. The amplifier of claim 1 wherein the ratio is
2 at least about 30.

e e
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emtter of out put transistor 312B fi t 1.5

two di ode drops 0.5V), which is the ﬂmnﬂmﬁmﬁ'@m as ”,JEQJF@[%&E{EE‘FHAS BEEN
the previously described tube circukt TFi‘g. *1)" Thi s nmeans t

peak swing of 1.5 volts at the input of this stage 312 will cause t he
operating collector current to go to zerd® (negative clipping). Such is also
the case for that of 20 the tube circuit of Fig. 1. Thus, the circuit

of Fig. 4 looks like a tube circuit input. The first stage input diode 374,
conducts at 40. 5V. The 3.3 volgps ylfiér loFotiagheat ehrthap t:l.lﬁ%ll&@.i%g

supply voltage. The sumof the dio bi as vol tage of 25 .5V plus the
di ode drop gf .5V qgialabi14eV Mphed méaﬂs S¥ogbaye lidwthasse bcbﬁSsaﬁzat dgpuef
2.5V. This neans that 15 a positive peak of 1.5 volts at the input of

this stage will causedditd Mot wigdag the diemedttdonand force an operating
point shift (positive clipping). This is

1 13. The amplifier of claim 12 wherein variable
2 input means comprises a potentiometer coupled in output
3 circuit of a first stage, said potentiometer having a
4 wiper coupled to the input of the second stage and the
5 clipping means.

1 14. The amplifier of claim 1 further comprising
2 variable output means coupled in the output circuit of
3 the last stage for varying an overall output level of
4 the amplifier.

1 15. The amplifier of claim 14 wherein the
2 variable output means comprises a potentiometer.

1 16. The amplifier of claim 1 further comprising
2 biasing means for the solid state devices.

1 17. The amplifier of claim 16 further comprising
2 multilevel biasing means including an upstream biasing
3 means for a first upstream one of the devices and a
4 downstream biasing means for the downstream devices.

This Sheet Has Been Replaced




al so the case for that of the tube ci Hw”mwww,m : f iStSHEET HAS BEE)
Fig. 4 matches the input dynam c range rcuit. t edRERLACED
Fig. 2, capacitor 340 provides sone controlled hlgh frequency rolT-oft -
(M |l er effect), and the emtter of 312B ks series resistors 322 and 325

to 10 ground, with resistor 322 bypassed with capacitor 324. This

circuit arrangenent provides idle current and gain values to cause overl oad
conditions that match a typical tube first stage. A series circuit,

including a resistor 390 gnd capagi t QPR dS Qﬂyphgﬁlacr9§s‘hg§ké£h
emtter circuit to achieve a high fred%ency boost e first stage outpﬁi

signal is coupl ed t apdtardampyliaghin Ig;hﬁeéﬁgwmnp&h%% alﬂaéércoﬂgihf@mgstl‘?{g
342 and resistor 344 in a way simlar to the arrangenent of Fig. 2.

remai ni ng thiBee st agesrd Lowliednd Hdade elemedte oF rmhleamPs&Ir@aau%lld
conponent val ues may change to achi eve the desired anmount of clipping,
operating poidnt shi fataded dawiqesncy response to produce a pleasing overload
sound. For exanple, inter-stage coupling is provided by capacitors 342, 348
and 354 and resistors

1 19. The amplifier of claim 1 further comprising
2 input diode means coupled between an input of the first
3 upstream stage and a reference.

1 20. The amplifier of claim 19 further comprising
2 upstream biasing means for the diode.

1 21. The amplifier of claim 1 further comprising
2 a diode circuit biasing means for establishing a diode
3 circuit bias level, a base circuit biasing means for
4 establishing a base circuit bias level and a downstream
5 biasing means for establishing a downstream bias level
6 and wherein the diode biasing level is greater than the
7 base circuit bias level which in turn is greater than
8 the downstream bias level.

1 22. The amplifier of claim 1 further comprising
2 means for boosting frequency response at high frequency
3 levels coupled to each stage.

This Sheet Has Been Rei
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25 344, 350 and 356. In each downstream stage 314-318, ' .nﬂssqﬁ,'HASBEEV

have dual series resistors 322-325 to’ 16 ground and the gri

322 is bypassed with capacitor 324. Al so, each stage enploys series
resistors 390 and capacitors 392 to ground to provide high frequency boost.
The output is delivered via 5 capacid?2r 360. The avail abl e peak
collector swing in the positive direction for any stage is about 20 volts.
Each of the three inter-stage clipping diodes 362, 364 and 366 conducts in
t he forwar gpg8irraetri on at approximately 0.5 10 vol ts. Thus, the ratio
of input swing to clipping voltage 20/.5 = 40 is adequate to cause the
operati ng MULPC~-SEAGE SOLEBCHETATBRORMPRIHIERETHAS! BMULATESTUBE MBISTORBIOR! Y
simlar to that of a tube circuit. It should be understood that the input

di ode 374 15 may be enpl oyed with an appropriate bias circuit in the

A multi-stage solid state amplifier emulates the

distortion associated with grid current flow in a multi-stage
tube amplifier by means of a clipping device in the circuit
between each series connected stage. In a particular embodiment,
each stage includes a field effect transistor (FET) and the
clipping device is a diode. In another embodiment, each stage
includes a Darlington connected pair of transistors. An input
diode and a multilevel biasing circuit emulates a tube circuit
input.

I S
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arrangenment of Figs.

2 or 3. This circuit allows the circuit to have t he

sanme input characteristics as a tube circuit. In the arrangenent of

Fig. 4, a volune

20 potentioneter simlar to the potentiometer 213

may be inserted in the circuit after capacitor 342, and a naster vol une
pot enti onet er simlar to the potéepdioneter 261 may be connected after

capacitor 360. It should be noted that this invention is not 25

sinply
a diode clipping nmeans, and an operating point shifter. Several U.S.
patents di scuss operating point 17 shift by neans of a diode, wth

resul ti ng sgcond harnDnl distortion. The invention shows the inportant
di scovery that a dlode th a nmere 0.5V forward vol tage clipping val ue,
when drivenl from a t solid state 5 . device with an out put

capability pf about
out put/i npu

30 volts will closely match the particul ar
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ratio of the exi sting tube circuits and therefore closely ermulate the tube
sound. The present invention also teaches that nultiple operating point

shifts 10 produced by multiple stages generate a multiplicity of
| evel s and anounts of second harnonic distortion over a w de range input
si gnal |evels. The invention furthel2/éhows a way to duplicate the input

overl oad characteristic of the typical first stage of a tube 15

circuit with a solid state device. The result then, is the so-called tube
di stortion sound; a soundphat can be generated al nost exactly with solid-
state devices. Wil e theredhave been described what are at present
consideregto be the prefatred enbodi nents of 20 t heNpresent -
inventiong ig wili €2 gopanent to those skilled in the ari; that various
changes a4 dchfﬂi ns.@ay be made therein w thout depalting fromthe
invention, gnd ifJis weended in the gppended clains t ch changes
and rmdifiction?}\;i\_sf Il 25 W tHyn the spirit an the -

i nventi on. ( wﬁ
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"18 CLAIMS 1. A solid state anplifier for emulating the distortion -
associated with a flow of current in the grid of an 5 overdriven

mul ti-stage tube anplifier at high input signal levels resulting in an

i nput clipping characteristic, the amgl/iafi er conprising: a plurality of
series connected solid state anplifier stages (112-118) for anplifying a
signal, each including an 10 =input circuit and an output circuit having

an out put signal capability, each anplifier stage (112-116) | ocat ed
domnstreanlof a first one ( of said anplifier stages having its input
circui &2 upled the ougguf Bircuit of one of said anplifier stages

| ocat e@

connectfed |n e
first one} of eaid

bet ween SJCh agpl i fi
anpl i f i-er.t he 1NRput

hereof; and cli pping ns (162-166)
t&ch anpllfler st age dog@gstream of the

i f | ev—giages (112) for estiol | | i ppi ng | evel
r stage% duplicating in sygh %0 olid| state
| i ppi ng aracteristic o

y upstrea
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a tube -anplifier. 2. The anplifier of claim1, wherein each anplifier stage
conprises a field effect transistor (112-118). 25 3. The anplifier of claim
1, "wherein each anplifier stage conprises a transistor (312A-318B). 4. The
anplifier of claiml1l, wherein each anplifier stage 30 conprises a
Darlington transistor (312A-318B). 5. The anmplifier of claim4, wherein-
the Darlington transistor is integrate‘b(4 19 6. The anplifier of claim
4, wherein the Darlington transistor-conprises discrete elenents. 7. The
anplifier of claim q wherejn the Darlington 5° transistor includes a
base-em tter circuptfand _a bias resistor (370%,coupled between the

base-em tter circu™ @o%r un@® 8.CThe anpligher of claiml, wherein the
cli ppi ng means [’_‘!_) o3 o, R ~N

O
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10 conprises a diode (162-166). 9. The anplifier of clal [Repiher é&# e
out put signal capability is effective to formarﬂmblas e djfode (1 é%?é

15 10. The anplifier of claim8, Hﬁlm U e (162- 166 oeted¥ s
forward vol tage cli pping at abouumn l m mplifier L m

further including variable 20 |npu neans (213) for at |east one of said
i Mput circuits (214) for varying the distortion. 12. The anplifier of
“claim 11, wherein variable input means conprises a potentioneter (213)
coupled in output 25 circuit of a first one (212) of said anplifier

. stages, said potentiometer having a w per X8oupled to the input of a second
one (214) of said anplifier stages and the clipping neans (262). 30 13.
The anmplifier of claiml1, further conprEQﬂ&H§variable out put nmeans (261)
coupled in the output circuit of a last one (218) of said anplifier stages

for varying an overall output |evel qf the aqpllfier., ) \
1. A solid state amplifier £ emulating the distortion

associated with a flow of current in the grid of an
5 overdriven multi-stage tube amplifier at high input signal
levels resulting in an input clipping characteristic, the
amplifier comprising:
a plurality of series connected solid state amplifier
stages (112-118) for amplifying a signal, each including an
10 input circuit and an output circuit having an output signal
capability, each amplifier stage (112-116) located
downstream of a first one (112) of said amplifier stages
“having its input circuit coupled to the output circuit of
one of said amplifier stages located immediately upstream
15 thereof; and
clipping means (162-166) connected in the input
circuit of each amplifier stage downstream of the first one
of said amplifier stages (112) for establishing a clipping
level between such amplifier stages, duplicating in such
20 solid state amplifier the input clipping characteristic of
a tube amplifier.

2. The amplifier of claim 1, wherein each amplifier stage
comprises a field effect transistor (112-118).

25 '
3. The amplifier of claim 1, wherein each amplifier stage
comprises a transistor (312A-318B).

4. The amplifier of claim 1, wherein each amplifier stage
30 comprises a Darlington transistor (312A-318B).

5. The amplifier of claim 4, wherein the Darlington

transistor is integrated.

AMENDED  SHEET




.20 14. The anplifier of claim I3, Wherein the variabl e outjpREPLACEMENT SHEET
conprises a potentioneter (2 ifier of cla
conprtoing o ssing o means | M RABTNRT:: < oev: o5
anplifier of «claim 15, further tconprsi Skng nmultil evel
(380, 390) including an upstream bi asing nmeans (380) for a first upstream
one (312) of the 10 anplifier stages and a downstream bi asi ng neans (390)
for the downstream anplifier stages (312-316). 17. The anplifier of claim
16, wherein the upstream biasing neans cdriprises a base circuit bi asi ng
means (370) 1 coupled to, a base el epept of the upstreamsglid,state

s Barhi it

“anplifier sta@e. 18heTRM }¢% ePfof CERHr My, ‘f’}&?’fgéﬁl

di ode means (s LoOtGE eobiNees alstpgué @leibgtsirst 20  upstream
anplifier stage (312) and a reference. 19. The anplifier of claim18,

further conprising upstream bi asing nmeans (382) for the diode neans (374).
7. The amplifier of claim 6, wherein the Darlington

5 transistor includes a base-emitter circuit and a bias
resistor (370) coupled between the base-emitter circuit and
ground.

8. The amplifier of claim 1, wherein the clipping means
10 comprises a diode (162-166).

9. The amplifier of claim 8, wherein the output signal
capability is effective to forward bias the diode (162-
166) .

15
10. The amplifier of claim 8, wherein the diode (162-166}
produces forward voltage clipping at about 0.5V.

11. The amplifier of claim 1, further including variable
20 input means (213) for at least one of said input circuits

(214) for varying the distortion.

12. The amplifier of claim 11, wherein variable input
means comprises a potentiometer (213) coupled in output
25 circuit of a first one (212) of said amplifier stages, said
potentiometer having a wiper coupled to the input of a
second one (214) of said amplifier stages and the clipping

means (262).

30 13. The amplifier of claim 1, further comprising variable
output means (261) coupled in the output circuit of a last
one (218) of said amplifier stages for varying an overall

output level of the amplifier.

[TAMENDED SHEET !



25 20. The anplifier of | m onprising a di‘ HEPCACEMENT
SHEE
bi asi ng nmeans for establi shﬂmmlwu llllmul:t bias | evel, Jla base circuit T

bi asi ng nmeans for establishiny & base"cifculit bias |evel afdbaecdndsitibai896. .
bi asing means for establishing a downstream bias |evel and dhﬁ e

diode 30 biasing level is greater than the base circuit bias |evel which
in-turn is greater than the downstreambigs level. 21. The anplifier of

tlaim1, further conprising means (390, 3¢ for boosting frequency response

at high freqyency B3 anb8Y%4iarCo¥PLEHih018AGMSESHE. the VARAIAIRMANELHEET
21 22. The solid statgm%hp Fer of aﬁy of clains 1 t;221 wherein the

out put S|gnamaﬂnﬁﬂﬂqmn§ﬂﬁﬁﬁjQfﬁ?t?ﬁ%&o%?Fﬁﬁl hg®tevel between the anplifier
stages have a ratio sufficient to result in second harnonic distortion. 5

23. The anpllfler of claim22, wherein the ratio
. The amplifier of claim 1, furtherscgkprlslng biasing

5 means for the solid state devices.

16. The amplifier of claim 15, further comprising
multilevel biasing means (380,390) including an upstream
biasing means (380) for a first upstream one (312) of the

) 10 amplifier stages and a downstream biasing means (390) for
the downstream amplifier stages (312-316).

17. The amplifier of claim 16, wherein the upstream
biasing means comprises a base circuit biasing means (370)
15 coupled to a base element of the upstream solid state

amplifier stage.

18. The amplifier of claim 1, further comprising input
diode means (374) coupled between an input of the first

20 upstream amplifier stage (312) and a reference.

) 19. The amplifier of claim 18, further comprising upstream
biasing means (382) for the diode means (374).

25 20. The amplifier of claim 1, further comprising a diode
circuit biasing means for establishing a diode circuit bias
level, a base circuit biasing means for establishing a base
circuit bias level and a downstream biasing means for
establishing a downstream bias level and wherein the diode

30 biasing level is greater than the base circuit bias level

which in turn is greater than the downstream bias level.

21. The amplifier of claim 1, further comprising means
(390, 392) for boosting frequency response at high frequency

35 levels coupled to each stage.

| AMENDED SHEET |




l.east 30. 24. The solid state—ampti-fier of claim1, wherei | RERUHACRMENT SHEET

amplifier stage conprises a si state afplifie
Tg solid s?at e gpnplsi fier of Iﬂﬂil !ﬂ Iil"lmLher conpris e 15%&".“
i nt er st age coupling 42, 344, 348, 350, 354, 356)

for establishing a selected relatlonshlp bet ween the out put capability
of each anplifier stage and the clipping |evel.

-

21

22. The solid state amplifier of any of claims 1 to 21,
wherein the output signal capability and the input clipping
level between the amplifier stages have a ratio sufficient
to result in second harmonic distortion.

23. The amplifiér of claim 22, wherein the ratio is at
least 30. |

24. The solid state amplifier of claim 1, wherein each

10 amplifier stage comprises a single ended solid state

amplifier.
25. The solid state amplifier of claim 1, £further
comprising interstage coupling means

15 (342,344,348,350,354,356) for establishing a selected
relationship between the output capability of each

amplifier stage and the clipping level.
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ABSTRACT

MULTI-STAGE SOLID STATE AMPLIFIER THAT EMULATES TUBE DISTORTION

A multi-stage solid state amplifier emulates the
distortion associated with grid current flow in a multi-stage
tube amplifier by means of a clipping device in the circuit
between each series connected stage. 1In a particular embodiment,
each stage includes a field effect transistor (FET) and the
clipping device is a diode. In another embodiment, each stage
includes a Darlington connected pair of transistors. An input
diodé and a multilevel biasing circuit emulates a tube circuit
input.

(Fig. 1)



