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K, U8, DISTRICT COURT
NOF{THERJ\ DISTRICT OF CALI}-Orﬁ‘v \E
OAKLAND }
UNITED STATES DISTRICT CQURT LWM//
NORTHERN DISTRICT OF CALIFORNIA
GREGORY BENDER, Case No,
m

£09-01535 *H

Plaintiff,

vs.
COMPLAINT FOR PATENT

)
)
)
)
)
SEAGATE TECHNOLOGIES, a ) INFRINGEMENT; AND
Delaware limited liability ) DEMAND FOR JURY TRIAL
company, and WESTERN DIGITAL )
CORPORATION, a Delaware )
corporation, ;

)

Defendants.

Plaintiff Gregory Bender, through counsel, hereby complains

agailnst Seagate Technologies and Western Digital Corporation and

alleges as follows:

JURISDICTION AND VENUE

1. This is an action for patent infringement arising under

?he patent laws of the United States of America (Title 35 of the

AN ]

CENT

MENT
R

R TIATES

9 N8R

AN ST s R W o 1
Lx

nited States Code) and the Court has subject matter jurisdiction
i
‘]
D

:
F 2. Venue is proper in this judicial district pursuant to 28

over this action pursuant to 28 U.S$.C. Sections 1331 and 1338(a).

U.S5.C. 1391(b) and {(c) and 1400(b).
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INTRADISTRICT ASSIGNMENT

3. This patent action is an excepted category pursuant to
Local Rule 3-2(c), Assignment of a Division, to be assigned on a
district-wide basis.

THE PARTIES

4. Plaintiff Gregory Bender is an individual whose residence
is in San Jose, California.

5. Defendant Seagate Technologies (“Seagate”) is a Delaware
limited liability company with its principal place of business
situated in Scotts Valley, California.

6. Defendant Western Digital Corporation (“Western Digital”)
is a Delaware corporation with its principal place of business in
Lake Forest, California.

THE PATENT-IN-SUIT

7. On April 7, 1992, United States Patent Number 5,103,188
(the “1'188 Patent”) entitled “Buffered Transconductance
Amplifier” issued to plaintiff Gregory Bender and since that date
the plaintiff has been and still is the owner of the ‘188 Patent
and of all right of recovery for damages thereunder. A copy of
the ‘188 Patent is attached hereto as Exhibit 1.

FIRST CAUSE OF ACTION
(Infringement of the ‘188 Patent by Seagate)

8. Plaintiff realleges and incorporates by this reference
thereto the allegations set forth in paragraphs 1 through 7.

9. On information and belief, in violation of 35 U.S.C.
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Section 271, et seq., Seagate has performed acts and performs

the claims of the ‘188 Patent (including, without limitation,
claims 8-14 and 29-46) by making, using, offering for sale,
and/or selling products that consist of, comprise, and/or contain
at least one circuit, silicon or otherwise, which contains and/on
utilizes at least one buffered transconductance amplifier
(commonly known in the analog electronics industries as a
“current feedback amplifier,” a “high-gain current feedback
amplifier,” or a “wvoltage feedback amplifier,” as the case may
be} and/or by practicing related methods embodying inventions
claimed therein, which such products include, without limitation,
cell phones, computer peripherals, hard disk drives, dvd-rw
players, network drivers, high definition television sets,
ultrasound machines, MRI machines, lab equipment, arbitrary
waveform generators, audio amplifiers, and other products where
high performance, high speed analog circuits are used, as well as
components thereof.

10. On information and belief, Seagate has known of the ‘188
Patent and has pursued its knowing and willful infringement
thereof in flagrant disregard of the rights of the plaintiff
thereunder. |

11. On information and belief, such conduct described in
paragraphs 9 and 10 constitutes willful infringement.

12. Plaintiff has been damaged by such infringement.

Page 3




16

i1

12

13

14

15

le

17

18

1%

20

21

22

23

24

25

26

mee - Case4109-cv-01533-PIH ~Documentt—Filed04/07/09—Page4 of 30—

SECOND CAUSE OF ACTION
(Infringement of the ‘188 Patent by Western Digital)

13. Plaintiff realleges and incorporates by this reference
thereto the allegations set forth in paragraphs 1 through 12.

14. On information and belief, in violation of 35 U.S.C.
Section 271, et seq., Western Digital has performed acts and
performs acts that infringe, and induce others to infringe, one
or more of the claims of the ‘188 Patent (including, without
limitation, claims 8-14 and 29-46) by making, using, offering for]
sale, and/or selling products that consist of, comprise, and/or
contain at least one circuit, silicon or otherwise, which
contains and/or utilizes at least one buffered transconductance
amplifier (commonly known in the analog electronics industries as
a “current feedback amplifier,” a “high~gain current feedback
amplifier,” or a “voltage feedback amplifier” as the case may be)
and/or by practicing related methods embodying inventions claimed
therein, which such products inciude, without limitation, cell
phones, computer peripherals, hard disk drives, dvd-rw players,
network drivers, high definition television sets, ultrasound
machines, MRI machines, lab equipment, arbitrary waveform
generators, audio amplifiers, and other products where high
performance, high speed analog circuits are used, and components
thereof.

15. On information and beiief, Western Digital has known of

the ‘188 Patent and has pursued its knowing and willful
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infringement thereof in flagrant disregard of the rights of the
plaintiff thereunder.

16. On information and belief, such conduct described in
paragraphs 14 and 15 constitutes willful infringement.

17. Plaintiff has been damaged by such infringement.

WHEREFORE, Plaintiff prays for judgment as follows:

A. For accountings and awérds for damages resulting from the
infringement by the defendants and a trebling of such damages
because of the knowing, willful, and wanton nature of such
infringement;

B. For interest on the damages computed;

C. For a determination that this is an exceptional case and
an award of attorney’s fees and costs and expenses in this
action; and

D. For such other and further relief as the Court deenms just]

and proper.

Dated: ‘f/‘? , 2009 &a’p /\/ KZ—\.—

Piedmont, California David N. Kuhn, Counsel for Plaintiff
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Dated: QVC7 , 2009

Piedmont, California David N. Kuhn
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DEMAND FOR JURY TRIAIL

Plaintiff respectfully requests a jury trial as to all

Al 7. 2L
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United States Patent [

Bender

0 000 O O

US005103188A
(1] Patent Number: 5,103,188

{45} Date of Patent: Apr. 7, 1992

[54] BUFFERED TRANSCONDUCTANCE
AMPLIFIER .

[76] Inventor: Gregory Bender, Studio 14, 2934
Ford St., Oakland, Calif. 34601

[21] Appl. No.. 389,735
[22] Filed: Avg. 4, 1989

ERTID CTOE o K HO3F 3/30
[52] US. Ch oo, 330/265; 3307257
330/267

{58] Field of Search .............. 330/257, 265, 267, 268,
330/273, 274, 288, 297

{56] References Cited
U.S. PATENT DOCUMENTS
4,555,672 1171985 Sepal . 3307265 X
FOREIGN PATENT DOCUMENTS
1246338 771986 USSR, e 330/288
Primary Examiner—James B. Muliins
[57] ABSTRACT

An electrical circuit for amplifying complex, wideband
signals, preferably audio and servo/robotic signals,
comprises a first input buffer in an emitter-follower

configuration or in a source-follower configuration. A
bias current rail traverses the first buffer. The low impe-
dance output of the first buffer is connected to a load
resistor, preferably in the order of 50-500 chms. The
circuit further compnises positive and negative oppos-
ing current mirrors connected to the bias current rail
that reflect the currents created in the bias current rail
by an input voltage signal imposed across the icad re-
sister. The combined outputs of the curreat mirrors are
connected to the input of a second buffer, The output of
the second buffer is connected via a feedback means to
the output of the first buffer and to a load. The first
buffer is driven by dual voltage supply rails, preferably
a lower voltage, in the order of 15 Volts. Higher dua!
voltage supply rails for the second buffer and the oppos-
ing-current mirrors, typically at least 50 to 70 Volts, are
used for power amplifiers. The present invention pro-
vides an amplifier which can amplify complex, high
speed, wideband signals without slew rate, overshoot,
or ringing and still maintain a large degree of linearity
with increasing input overdrive. It is capable of unprec-
edented high frequency response and phase stability
without any need for typical compensation techniques.

52 Claims, 11 Drawing Sheets
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1
BUFFERED TRANSCONDUCTANCE AMPLIFIER

FIELD OF THE INVENTION

The present invention relates to amplifiers and more
specifically 10 audio and servo/robotic amplifiers. The
invention relates more particularly to means for ampli-
fying signals of complex, wideband waveshapes with-
oul distortion and a method for eliminating slew rate
and slew rate distortions in an amplifier.

BACKGROUND OF THE INVENTION

Presently, modern power, principally operational
amplifiers and other amplifiers incorporating a differen-
tial pair configuration. have an inherent slew rate limit
which limits their performance as the output signal
approaches an upper frequency limit. This slew rate
indoces distortion in the amplifier, often designated as
siew induced distortion (S1D) or transient intermodula-
tion distortion (TIM) throughout the audio industry. If
the signal is an audio signal, this slew rate distortion
affects the acoustic quality of the output signal, In par-
ticular, modern stereo equipments ail comprise an am-
plification stage. The sound quality of such a stereo
eguipment has been increasingly improved in the past
decade. However, the slew rate distortion cruelly limirs
further improvements which can be brought to the
sound quality.

A complete study of slew rate distortion, in particular
in connection with audio signals, can be found in an
article by Walter G. Jung. et al., “An Overview of 51D
and TIM.” Audio. June 1979%. This article is incorpo-
rated herein by reference.

Slew rate elimination is an issue which has been ad-
dressed in numerous patents and articles. One of the
reasons which seems 10 account for the slew rate distor-
tion of modern ampiifiers, in particular of amplifiers
presently used in audio equipments, resides in the topo-
logical structure of the amplifiers used therein. The
person skilled in the art will recognize that most mod-
ern operational amplifiers wtilize a differential pair in
their input stage Differential pairs are well known in
the art and are one of the most elementary building
blocks of the anaiog electronies industry. A differential
pair can also be found at the heart of the common fip-
flop. an important building biock in digital electronics.
1t has been relied on as a veritable cornerstone through-
out the electronics industry.

The differential pair is typically comprised of two
transistors or active devices arranged in a mutnally
exclusive “see-saw™ configuration. Applying a signal
which turns on the first device, simultaneously turns off
the second device and vice versa. It is quite linear
around the 509%/50% center balancing region. How-
ever, its iinearity drops off quickly, and often severely,
on either side of the balance region.

Reference is now made to FIG. 1 which is a circuit
diagram of a differential pair. A differential pair typi-
cally comprises a pair of transistors Q4 and Qg. The
base of the transistor Q4 is connected to a first terminal
1, 10 which is applied a tension V 4 whereas the base of
the transistor Qpgis connected to a second terminal 3 to
which is applied a tension V. The transistors Q4 and
Qphave their emitters connected together at a node 4 1o
the terminal 5 to which a voltage —V is applied. A
voltage V is applied between the two sources of the
transistors Q4 and Qp. A constant current source 7
drives a current [ through the transistor Q4 and a cur-
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rent Iz through the transistor Qg respectively, by
means of a current rail 9 and a cusrent rail 11. Two stray
capacitances C; and Cj, designated by the numerals 13
and 15, are connected between the rails 9, 11 ang
ground. The total current flowing through node 4 and
the terminal 5 designated as Ipigs. typically in the order
of 1 mA, is simply the sum of Iyand I3 When the voli-
age V4 is applied at the terminal, it turns on the transis-
tor Q0.4 which pulls more current Is down on the rail 9
because of the high input impedance and current gain of
the transistor Q4. The increase of current 14 provokes a
rise in the voltage across the source-emitter of the tran-
sistor (4. As the base of the other transisior Qp is stif]
grounded to the terminal 3, the emitter to base voltage
of the transistor Qp is closed off. This property in a
differential pair to shut off one transistor when the other
transistor is turned on provides a linear balancing action
at the center region. The function I4 with respect to the
voliage V 4is basically non-linear with the exception of
a parrow linear domain at the center and is schemati-
cally represented by the graph illustrated in FIG. 2a.
The function is mathematically represented by the fol-
lowing equation:

Ta=igwn b (Var¥y) (

where V, and 1, are both constants.

Typically, an amplifier, for example an operational
amplifier comprises two stages: an input transconduct-
ance amplifier and an integrating amplifier. The trans.
conductance amplifier generally comprises a differen-
tial pair. As long as the voltage V1 remains less than a
specific upper limit, the transconductance amplification
function represented by Equation (1} remains remark-
ably linear. Usually, this apper limit to V.4 is about 50
mV and up 10 100 mV in some amplifiers. Beyond this
range, either in the positive or in the negative values,
the current 14 reaches a saturation plateau, either tran-
sistor is driven full on.

Until recently, this small linear region of the differen-
tial pair was assumed to be largely adequate for all types
of signal processing. However, particular attention
should be paid to the saturation regions of the differen-
tial pair, where the other iransistor is driven completely
off.

Referring to FIG. 20 again, when the current Ly,
reaches its maximum, for instance in the positive values,
the transistor Qg is off while the transistor Q¢ saturates
and latches up. No more input 10 output variations can
be obtained in this non-linear region. At this point, slew
rate distortion is generated by the constant current and
the stray capacitance 13, 15 in this integrating stage of
the amplifier. More specifically, the slew rate distortion
is revealed by overshoots and ringing in the output
signal as the differential pair tries to regain its center
balancing point.

Reference is now made to FIG. 2b which illustrates
how a high speed step signal is typically output by an
amplifier comprising a differential pair. If a high speed
step voltage V 4is applied at the terminal 1, for instance,
10 volts, the transistor Q, is rapidly saturated and the
current 14 reaches a constant value, typically in the
order of 100 mA. The point corresponding to the value
of 10 Volts is designated by P in FIG. 2a. The integrat-
ing stage of the amplifier then integrates this constant
value of 14and provides a voltage ramp which increases
linearly with time. This ramp is indicated in FIG. 26 by
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the numeral 20. The inertia of the amplifier causes the
voltage ramp to overshoot the actual value of the out-
put voltage end subsequemly ringing happens. As the
differential pair amplifier settles down and balances,
other overshoots may occur until the final output volt-
age reaches an equilibrium state. These overshoots are
part of the slew rate distortion which the goal of the
present invention is to eliminate. The integrating stage
amplifier can be designed ta reduce the portion of the
step signal which is not adequately steep as compared
with the input signal (trapezoidal edge). However, an
improvement in the slope of the rising ramp may induce
higher and more ringing overshoots 23. Aliernatively,
tn order to avoid high overshoots, slow amplifiers can
be used but they provide very slow, shallow trapezoidal
rise times.

In addition to being non-linear for large input signals,
the differential pair's saturation region causes serious
stability problems. In both the audio and robotics/servo
industries, there is 2 great deal of signal content contain-
ing instantancous transients, which often exceed the
linear region of the differential pair by several orders of
magnitude, These transients are considered as large
signals-and generally move faster than the balancing
action of the differential pair. These transients drive the
differential pair well into saturation for a short, bur
definite period of time. If the transient is nearly the same
speed as the balancing action of the differential pair. a
dangerous phase shift can develop between the input
and the feedback network, causing “run-away” oscilla-
tions.

Feedback compensation for high-frequency stability
is generally necessary for both operational amplifiers
and typical power amplifiers. The basic theory and
praciice of compensation for differential pair js centered
around the concept of reducing the high-frequency,
closed loop gain below unity before the internal phase
shift reaches — 180. This is where oscillations naturally
start increasing if the gain seen at the inputs is greater
than or equal to one. Compensation by its very nature
severely restricis the high-frequency performance of
typical amplhifiers. Anyone skilled in the art of prior art
operational amplifiers should be well aware of the need
for high frequency feedback compensation.

The use of differential pairs in the zudio technology
has raised numerous problems which have not been yet
resolved. The slew rate, which is caused by a saturated
differential pair, severely limits the large signal band-
width (BW) capabilities of typical amplifiers. Thus, the
large signal bandwidth can never equal the small signal
bandwidth. For this reason, any amplifier which com-
prises a differential pair configuration, has a dynamic
frequency response that is inversely proportional to
input signal levels. Thus, the greater the input, the nar-
rower the bandwidth of the amplifier. -

This is illustrated in FIG. 3a which shows how the
large signal bandwidth is limited by slew rate for audio-
signals. In FIG. 3q, the coordinates are respectively the
frequency (abscissa in Hertz) and the power of the
acoustic signal in decibels. Typically, a maximum
steady state sound pressure level is in the order of
100-120 dB in ordinate. However, short impacts may be
substantially louder, of the order of 160 dB. The large
signals are adequately covered up to 500 Hz. This por-
tion is designated by the numeral 27, The small signal
bandwidih, designated by the numeral 28, does not
show a slew rate limited response. However, higher
frequencies for large signals are inadequately covered
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due to the slew rate limitations. The slew rate curve
portion is indicated by the numeral 29. This causes the
amptifier’s sonic characteristics to continually change
throughout loud musical passages, resulting in the
rather harsh or cold metailic sound that typical solid
state amplifiers are known for.

Another serious problem arises as signal levels in-
crease. Low level texture and ambience are literally
erased, as the differential pair is driven into saturation,
or effectively off, for a certain percentage of time dur-
ing any given crescendo. This causes a unique “comb-
like™ eraser of the low level signals and ambience dur-
ing loud musical passages. This explains why concert
hall ambience is considered most difficult to record
during a live performance. The current electronics
being used have erased this ambience long before it
teaches the tape machine. The subconscious ear can
hear these minute, discontinuous, missing bits of back-
ground instruments, but can only translate this informa-
tion to the conscious brain as stereo, not live music. The
consciows ear is not fast enough to notice these missing
sections.

Electron 1ubes have a saturation threshold which is
generally 10 times greater than transistors. In addition,
the saturation corners are much softer. These types of
amplifiers can track larger transients before the effects
of saturation are noticed, and the transition into satura-
tion is more gradual. This accounts for the warmer,
more realistic, or natural, sound of tube amplifiers,
which many musicians still prefer over conventional
transistor amplifiers. However, electron tubes are diffi-
cult to handle, expensive, fragile and cannot be minia-
turized.

There is therefore a need in audio and servo/robotics
for amplifiers which can handie complex wideband
signals with no slew rate distortion, overshoot, or ring-
ing, comprising inexpensive elements and simple to
manufacture.

SUMMARY OF THE INVENTION

The present invention discloses an electrical circuit
comprising 2 first buffer, as in FIG. 49, comprising a
single non-inverting input, an open loop voltage gain
Jess than or equal to one, and an low impedance output,
a first current rail traversing the first buffer, In FIG. 4
a pair of opposing current mirrors connected in series to
the first current rail of the first buffer, a load resistor
connected to the output of the first bufier, the combina-
tion of the first buffer, the opposing current mirrors and
the load resistor forming a first input stage. The circuit
further comprises a second buffer whose input is con-
nected to a node, the node being connected to the out-
put of said opposing current mirrors, and an output for
driving any specific load, a second current rail travers-
ing the second buffer, and a voltage supply rail for
driving the current mirror, the first buffer and the sec-
ond buffer, and a feedback line connecting the output of
the second buffer with the first input stage. This con-
trasts from prior art, FIG. 3b, in that the input opera-
tional amplifier is no longer needed or used.

The first and second current mirrors are typically
opposite 1o each other, the first current mirror operat-
ing for positive values of the buffer’s output current and
the second current mirror operating for negative values
of the buffer's output current. The voltage supply rail
preferably comprises a Jower voltage supply for driving
the first buffer and a higher voltage supply for driving
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the curremt mirrar and the second buffer, as shown in
F1G. 4c

The circuit preferably comprises a voltage regulator
for the lower voltage supply and 2 voltage regulator for
the higher voltage supply. The load resistor for the first
buffer 1ypically has a resistance between 50 and 500
ohms. The fedback kne is ideally connected back to the
outpur of the first buffer or zlso back to the inputs of the
current mirrors. In a preferred embodiment of the pres-
ent invention, the first and second buffers are integrated
circuit chips. The circuit of the present invention may
also contain bias devices for preventing cross-over dis-
tortion in either or both buffers. The open loop voltage
gain of the first and second buffers is defined as being
less than or equal to one; making them emitter follower
or source follower configurations only. The input impe-
dance is typically high, whereas the output impedance
is very low and the bandwidth is very wide. In addition,
the first 2nd second buffers have a single, non-inverting
input only. The first buffer is intended to replace the
differential pair input or the operational amplifier input
COMMON O prior art.

According to a second aspect of the present inven-
tion, there is disclosed an amplifier, as shown in FIG.
4b. comprising a first buffer, in an emitter-follower
cenfiguration or in 2 source-follower configuration, the
first buffer comprising an input and an output, a first
current rail traversing the first buffer, opposing current
mirrors connected to the first current rail of the first
. buffer, a load resistor connected to the output of the
first buffer, the combination of the first beffer, the op-
posing current mirrors and the load resistor forming a
first input siage, a second buffer connected to a node,
the node being connected to the output of opposing
current mirrors, the second buffer comprising an input
and an output, a second current rai} traversing the sec-
ond buffer, & voltage supply rail for driving the current
mirror, the first buffer and the second buffer, and a
feedback line connecting the output of the second
buffer with the output of the first buffer stage.

The signals to be amplified are typically andio-signals
or servo/robotic signals. The amplifier is typically a
power amplifier but may be used in amplifying very low
level signals if desipned for such.

According to another aspect of the present invention,
there is disclosed a cascaded amplifier, as shown in
FIG. 4d, comprising a buffer, in an emitter-follower
configuration or in a source-follewer configuration, the
buffer comprising an high impedance, non-inverting
irput and an low impedance outpat, a first current rail
traversing the buffer, opposing current mirrors con-
nected to the current rail of the buffer, a load resistor
connected to the output of the buffer, the combination
of the buffer, the current mirror and the load resistor
forming a first input stage, at least another buffer con-
nected to a node, the node being connected to the out-
put of opposing current mirrors, the second buffer com-
prising an high impedance input and an low impedance
output, the other buffer forming a second input stage
with opposing current mirrors connected to the output
node of the first pair of opposing current mirrors, a
second current rail traversing the second buffer, and an
overall voltage supply rail for driving the current mir-
rorrs, the first buffer and the second buffer, of this cas-
caded amplifier. This cascaded amplifier may comprise
additional input stages consisting of buffers with oppos-
ing current mirrors forming additional stages in a con-
tinuous chain formation. In this way the open loop gain
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of the overall circuit can be increased many thousand
times.

According 10 another aspect of the present invention,
there is disclosed 2 method of amplifying a music or
servo/robotic control signal without slew rate, com-
prising the steps of applying a voltage to the single input
of a first buffer, applying 2 current rail through the first
buffer, producing = current through a load resistor at
the output of the first buffer, changing the intensity of
the current traversing the current rail of the first buffer,
reflecting the change of intensity in the current rail and
through oppasing current mirrors. The combination of
the first buffer, the load resistor and the current mirrors
forming a first inpur stage, outputting this change of
intensity to the input of a second buffer, and providing
overall feedback from the output of the second buffer
for controlling the change of intensity at the first stage,
s0 as to null the change of intensity in the current rail of
the first buffer by a small percentage thereby increasing
overall linearity and speed, and producing output step
signals as shown in FIG. 9, with no slew rate, over-
shoo, ringing, or the need for high frequency compen-
sation.

According to another aspect of the present inventicn,
there is disclosed 2 method of eliminating the slew raie
in an audio-signal or servo/robotic control signals,
comprising the steps of applying a changing input vol:-
age signal at the input of a first buffer, transforming the
input voltage signal into a changing current signal at the
output of the first buffer through a load resistor, adding
the intensity of the changing current sigral in a bias
current rail going through the first buffer, reflecting the
changing current signal through opposing current mir-
rors, applying this changing current output signal at the
input of a second buffer, the second buffer being tra-
versed by another current rail, and applying overall
feedback from the output of the second signal to the
owput of the first buffer or the input of the current
mirrors so as to null the change of current due o the
input voltage signal by some percentage and producing
output signals as shown ir FIG. 9, with no slew rate,
overshoot, ringing, or the need for high frequency com-
pensation.

Although the amplifier of the present invention per-
forms particularly well in audio applications, it can also
be used in robotics/servo motor applications where
large feedback voltage spikes are caused by the induc-
tive switching of high currents from one motor coil to
the next. This brush contact noise can generate spikes
easily 10 times over the nominal motor voltage. These
feedback transients latch up the differential pair of am-
plifiers of the prior art, causing the amplifier’s output to
slew in opposition 1o the transient. When the transient
climbs faster than the opposite slew rate, the amplifier
will f2il to damp, or “sink” the transient’s energy. Either
osciliations or damage will result. The problems en-
countered are resolved by the amplifier of the present
invention. What is not obvious to those skilled in the
prior art is that the present invention completely elimi-
nates the differential pair and related operational ampli-
fiers, as well as slew rate, overshoot, ringing, SID, TIM,
and high frequency compensation, throughout audio,
and servo/robotic electronics.

These and other advantages and features of the pres-
ent invention will become more fully apparent from the
following description and appended claims taken in
conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic illustration of a circuit diagram
of a differentia) pair, Poor Art;

FIG. 2a is a graph illustrating the transfer Function,
L {current intensity) as a function of the input voltage,
V. for the differential pair, Prior Art;

FIG. 2b illustrates how high speed step signals are
typically output by amplifiers comprising of a differen-
tial pair, Prior Art:

FiG. 30 15 a graph illustrating how skew rate affects
the power output of amplified acoustic signals with
respect to frequency for the prior art;

FIG. 35 iHustrates how typical operational amplifiers
are used in prior an;

FIG. 4z illustrates a buffer according to the present
tnvention;

FIG. 4b ilustrates the basic amplifier showing the
displacement of the operational amplifier in FIG. 38;

FIG. 4¢ ibustrates a circuit for medium to high voli-
age output signals, wherein an additional; pair of regu-
lated voltage supply rails are included for the protection
of the first input buifer;

FIG. 44 illustrates a serially cascaded, chain-like

version of the present invention for producing ex-
tremely high gains;

FIG. 4¢ illustrates a Differential Buffer Block of the
present invention:

FIG. 4f illustrates the vse of a Differential Buffer
Block 10 produce complimentary differential outputs;

F1G. 5is an exemplary circuit of 2 buffer as shown
FIG. 4;

FIG. 6a is a graph showing the transfer function of
Larive with respect to the input voltage according to the
present invention;

FIG. 6b shows the characteristic frequency response
over a wide, dynamic input range according to the
present mvention;

FIG. 7 is a cifcuit of a preferred embodiment of the
present invention incorporating one or more of the
stages described in FIGS. 4a—4¢;

FIG. 8 illustrate an alternative embodiment of the
present inventiomn; and

FIG. 9 shows three types of input dynamic step
changes, used in evaluating the high frequency perfor-
mance of the amplifier of the present invention, and the
characteristic outputs of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The invention is best understood by reference to the
figures wherein like parts are designated with like nu-
merals throughout.

Reference is now made to FIGS. 40-4f, which are
Hlustrations of preferred embodiments of the present
invention. In FIG. 4a, there is illustrated a circuit com-
prising a buffer 30 having an open loop voltage gain less
then or equal to +1 and driven with a bias current of
imensity Ipres (also in conjunction with Igie). In the
embodiment shown in FIG. 4a, the voltage gain of the
buffer is +1. However, it will be understood by the
person skilled in the art that any buffer with & single,
non-inverting input; without any differential pairs; and
having an open loop voltage gain less then or equal to
+ 1 would also be adequate as an alternate embodiment
of the present invention.

In this configuration, the buffer 30 is set in an emitter-
follower or in a source-follower configuration. The
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stngle. non-inverting input of the buffer 30 is connected
10 a voltage source 32 of voltage V, through a resistor
3 having a resistance Ry. Another resistor 36 having a
resistance Rs is connected to the output of the first
resistor 34 and grounded. The output of the buffer 30 is
connected 1o a Joad resistor 40 having a resistance Rz.
The load resistor 40 sets the slope of the transfer func-
tion as shown in FIG. 64. A bias rail 42 traverses the
buffer 30 and is driven between a reference source 44 of
voltage +V and a reference source 46 of voltage — V.
A constant current source (not represented in FIG. 4a)
with resistors 74, 72 drives the current Ipgsthrough the
buffer 30. Typically, current mirrors are driven by the
current Ig4s down through bias current rail 42. The
noteworthy advantage of the buffer configurations rep-
resented in FIGS. 4a-4f, is that the output drive current
is inear over a range which is at least 200 times greater
than the average range obtained with differential pairs.
Typical values for the resistors of the buffer circuit of
FIG. 4 are as follows: 1 kiloohm for the resistor 34, 1
megohim for the resistor 36. The input impedance of the
buffer is thus about 10 megohms and 10 pF. A typical
input voltage is between +/— 1 and +/—20 volts. The
load resistor 40 has typically a value between 50 ohms
and 500 ohms.

Various embodiments of the buffer 30 are possible.
Preferably, the buffer 30 is an integrated circuit chip
readily available in the commerce. Two FETs are typi-
cally used for such a buffer 10 increase input impedance.
An exemplary circuit of a buffer as shown in FIG. da is
now illustrated in FIG. 5.

In this embodiment, the input stage of the buffer
camprises two JFETs, an N channel JFET 56 and a P
channel JFET 52. The JFETs 50 and 52 are connected
to one another through a plurality of diodes 54, 56, 58
and 60 and an offset resistor/potentiometer 62. The
FETs are further connected to transistors 64 and 66 via
a node 68. Typically, these transistors 64 and 66 are
located on an imtegrated chip circuit 70 commercially
available such as MP06302 or LH000Z, or other equiva-
lents. The drive rails 44 and 46 are connected to both
outputs of the FETs 50 and 52. Two resistors 72 and 74
connect the emitters of the transistors 64 and 66 to the
drive current rails 44 and 46. The output of the chip 70
typically comprises a series of resistors 76 and 78 con-
nected to the transistors 64 and 66 via two emitter-fol-
lower transistors 80 and 82. The bandwidth has typi-
cally a range between 2 and 100 Mhz,

The N- and P-channel JFET’s 50 and 52 are prefera-
bly complementary. This type of buffer is guite per-
forming for the embodiment of the present invention. It
would, however, be apparent to the person skilled in the
art that other types of buffers commercially available
are also adequate as buffers in the circuit of the presemt
invention.

Mode of Operation of the Input Buffer of the Present
Invention

The circuit of FIG. 4a (and further illustrated in FIG.
5} differs from the traditional differential pairs inasmuch
as it has a single input and an low impedance output
stage. In the differential pair, two current drive outputs
to to one raj] only. In the buffer of the present invention,
the complementary current drive outpats are opposite
to each other. The bias current rail drives the running
current or idling current without any input signal. If the
device input is grounded, there is a net current going
through the device but not out of the device. This cur-
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rent is considered 10 be a constant currens and performs
particular functions in the device. Because the configu-
ration is a voltage follower, the input voltage source
can be set at a particular voltage, for instance, -+ 1 Volt.
whereas the output voliage will follow at a comparable
output voltage, for instance, + 1 Vol Also, because the
load resistor has a resistance between 50 and 500 ohms,
the net current going through the load resistor is either
L This current does not come from the input because it
has a very high input impedance (10 megohms or more)
but is provided through the current rail of the device.
The essential function of the rail in the present invention
1s 10 drive the device at the next stage.

Reference is now made to FIG. 6g, which is a graph

of the + Egrive, respectively — Lge with respect to the

input voltage. It can be seen that the curve representing
Yarive with respect to the input volage is linear over the
whole range. In the present embodiment, the input
voltage could go all the way up to 20 Volts or more and
stilt conserve the linearity of the current intensity versus
vollage function. At 20 Volts, for instance, with the
values given in the circeit of the present embodiment,
the amplitude of the current is 200 milliamperes. This
amplitude s about 1000 times greater than the ampli-
tude obtained in the linear range of the differential pair.
It can also be shown that if the voltage input changes
rapidly between a positive and a negative value, the
buffer follows the input frem the positive region 10 the
negative region. A device of the present invention
therelore responds instanity to & rapid change in the
input voltage The change of amplitude in the drive
current is in phase with the change of input vollage.
Such rapid changes of amplitude of the inpul voliage
happens regularly in the reproduction of sounds from
musical instruments as well as many servo positioning
and robotic controt applications. It should be noted that
ng storage delay phenomenon is observed and there is
RO saturalion region.

Reference is now made to FIG. 66 which shows the
characieristic frequency response over a wide dynamic
input range. FIG. 65 is 1o be compared 1o FIG. 3z illus-
trating -the frequency response for typical amplifiers
using differential pairs. As shown in FIG. 6, the ampli-
fier of the present invention can accurately track any
input signal {requency up to its bandwidth, and then
continues to follow frequencies beyond its bandwidih,
rolhing off in amplitude at a gradual 6 dB/octave (first
order). This patural characteristic allows the amplifier
of the present inveniion to make transitions in the order
of a few megahertz that are oniy 10 10 30 dB below
normal bandwidth amplitudes without disrupting the
particular phasing of these transitions. In FIG. 64, the
coordinates are again respectively the frequency in
abscissa and the power of the acoustic signal in decibels
in ordinate. The large signals are adequately covered up
to 500 kHz and are designated by the numeral 9. Nei-
ther the large signal bandwidth 90 nor the small signal
bandwidth, designated by the numeral 92, show a slew
.rate. High frequencies s well as low frequencies for
large signals are now adequately covered up to approxi-
mately 500 kHz rather than as low as 500 Hz as men-
tioned in the case of amplifiers comprising differential
pairs. 1t is also noteworthy that the roll-off at high fre-
quencies is now a first order roll-off which has the least
phase shift possible and requires no compensation.

Reference is now made to FIG. 7, which is a circuit
of a preferred embodiment of the present invention
incorporating one or more of the stages described in
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FIGS. 4a-4¢. An amplifier as illustrated in FIG. 7 com-
prises an input iransconductance stage, a voltage gain
stage and a current gain output stage. The amplifier of
FIG. 7 typically comprises a first buffer 30 as illustrated
in F1G. 4g, current mirrors 1040 and 102 and, in an out-
pui stage, a second buffer 104 of vollage gain less or
equal to 1, and substantially identical to the buffer 30
unless it is a power amplifier.

The circuit represented in F1G. 7 is driven by a first
pair of voltage supply rails 104 and 106, preferably at or
above 50 Volts. The voltage in these voltage supply
rails is typically regulated by two voltage regulators
108 and 11 The vohage regulators 108 and 110 are
respectively connected to the pair of opposing current
mirrors 100 and 102. These current mirrors 108 and 110
operate in a known fashion and reflect the current back
and forth between the input stage and the output stage.
The positive current mirror 100 is connected to another
voltage regulator 112. This is also the case for the nega-
tive current mirror 102 that is connected 10 a voltage
regulator 114. The voltage regulators 112 and 114 sup-
ply the first buffer 30 with bias and drive current on
current rail 42.

Tlhie current mirrors 100 and 102 typically each com-
prise a transistor 118 and 2 diode 116, The diodes 116 of
the negative and of the positive current mirrors $00 and
E02 are connected by a series of resistors 120, 122 and
124 adding 1o the bias current of the mjrrors and provid-
ing a feedback input to the mirrors. The transistors 118
of the current mirrors 100 and 102 are also connected {0
a common node 126. The output of the first buffer 30 is
loaded into a load resistor 40 as shown above in FIGS,
4a-4c. From the node 126, there is a connection to the
input of the second buffer 104. Preferably, a resistor
128, typically of about 100 kilochms is grounded on this
connection. The voltage supply rails 104 and 106 fur-
ther supply a bias current for the second buffer 104 via
current rail 130. Furthermore, the output buffer 104
comprises two outputs. One output is loaded into the
final load resistor 132 as for the first buffer 30. The
second output is a feedback output and is connected
back to the resistors 120, 122 and 124 linking the two
diodes 118 of the current mirrors 100 and 102, Another
branch from the voltage feedback output is connected
to the output of the first buffer 30 via a resistor 136.

The voltage supply rail of this amplifier actually com.
prises two types of voltage supply. A first voltage sup-
ply 44, 46 drives regulators 112, 114 and supplies the
bias rail 42 for the first buffer. This voltage supply is
typically between 15 and 24 Volts, and preferably about
I8 Volts. The second voltage supply 104, 106 is 2t a
higher voltage, typically about 50 Volts. The reference
voltage supply 44 and 46 contrals the voitage of the
regulators 112, 114 at a predetermined level. The other
voltage regulators 108, 110, for the higher voltage sup-
ply 104, 106, control the high voltage at a second prede-
termined fevel. These different voltage values are only
due to the fact that the integrated circuit chip chosen
for the embodiment of the present invention could not
hold the voltages higher than the voltages described
hereinabove. It will be clear to the person skilled in the
art that other values are also applicable. The voltage
regulators 112 and 134 for the smaller voltage supply
therefore hold the voltage at this first predetermined
level. The current, however, can pass through all these
voltage regulators unaffected.

The operation of the circuil of FIG. 7 will now be
described in connection with a particular value that will
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facilitate the comprehension of the circuit. However, it
should be understood that these values are only exem-
plary and do net restrict the scope of the present inven-
tion to a set of predetermined values. The input test
voltage therefore is assumed to be at about +1 Vol
The voltage output of the first buffer is also plus 1 Volt.
Because 1he load resisior 48 of the output of the first
buffer 30 is about 100 ohms, the current value at the
outpul of the buffer 30 is about 10 milliamperes. The
current created at the output of the buffer pulls the
drive current down through the bias rail 42. The value
of the drive current {any thus becomes 10 milliamperes.
The value of this 10 milliamperes through the diode 116
of the current mirror 100 (for a positive value of the
current) gives a logarithmic voliage increase across the
diode 136. When a2 current is drawn through a diode,
the veoitage is increased logarithmically, When the
diode 116 is matched with the transistor 118 of the
current mirror 3 (the base-emitter junction), the tran-
sistor 118 transfers 10 milliamperes down the rail 138
coming from the transistor 118. This is a typical func-
tion of a current mirror. If a particular current is pulled
through the diode 116, the current of the exact value is
pushed down from the transistor 118 to the node 126
This is in addition to the bias current already circulating
through the diode 116 and the transistor 118. This is due
to the fact that the logarithmic change on-the diode is
processed within an exponential device, namely the
transistor. The output current is therefore linear to the
input current. The confliguration, therefore. allows the
two opposing current sources 108 and 102 to fight one
another. Both have output impedances of the order of
100 kiloohms. and possibly 1 megohm. If ar extra 10
milliampere of current is driven through the rail 138
comprising the node 126, the input voltage at the sec-
ond buffer 104 is increased about 1,000 times. The out-
put buffer 104 follows the increase in voltage. This
output buffer 104 is driven by another rail 130 between
the voltage supply rails 104 and 106 at 50 Vohs or more
for power amplifiers. If the output voltage of the second
buffer 104 is at 50 Volts for an overall closed loop gain
of 50, the voliage feedback branch brings back an addi-
tional 10 milliamperes of current through the resistor
136. Because the feedback branch is connected back to
the sutput of the first buffer 30, the 10 milliamperes
produced by the second buffer 104 is now replacing the
initial current of 10 millilamperes originally created by
the input voltage source of +1 Volt. This curreat from
the buffer, therefore, is reduced because the 10 milliam-
pere current is now being supplied by the output. The
Ideive current is therefore back to the original bias value
of 1sius. The operating cycle for a step change output is
now finished and a stable, feedback null is achieved
without slew rate or ringing.

1t is clear now that if the voltage input is negative, the
Lirive will circulate in opposite directions. In this case,
the negative cusrent mirror 302 takes the role previ-
ously described for the positive current mirror 100, If
there is a positive input voltage, the positive current
mirror adds the additional current to the bias current in
the first rail 42. In this case, the negative current mirror
remains at the same value. This is also the case if the
input voltage is negative. In this case, the negative cur-
rent mirror reflects back the current created by the
input voltage across resistor 40. However, the positive
current mirror remains at the same level, The fact that
these iwo sources of current fight one another on the
two rails 42 and 138 provides a very high voltage gain.
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It can therefore be inferred thst the stage represented
by the current mirrors 100 and 102 and the output of the
first buffer 30 correspond to an open loop gain in the
voltage. The buffer 104 takes the high output impe-
dance of this voltage gain and turns it into a Jow output
impedance to maich the load.

The diagram of FIG. 7 thus clearly iflustrates the
three aforementioned stages. The first stage or input
transconductance stage, corresponds to a transfer of a
change of input voltage into a change in current. The
load resistor 40 sets the transconductance stope in this
transconductance stage. The second stage is a voltage
gain stage whereas the third stage is a curremt gain
stage, again providing transconductance,

Although the preferred embodiment comprises a
feedback branch, feedback is acinally not necessary 1o
get linearity in the ouvtput stage. The whole circnit is
linear without feedback as every single stage is linear
over a very wide input signal range.

Reference is now made more particularly to the cur-
fent mirrors 100 and 102 and their mode of operation.
One skilled in the art would recognize there are many
variations of current mirrors, and all are appropriate for
the present invention. A current mirror typically com-
prises an input diode and an output transisior. In most
cases, the jenction of the diode and the junction of the
transistor are matched below one percent, which is
necessary for good operation. As more current is pulled
through the diode, the voltage drop across the diode
increases logarithmically. The diode is also connected
to the base of the outpu! transistor. The function of the
transistor which is inherently an exponential device, is
to transform a logarithmic voltage change at the base
with exporential gain into a linear current output. As
more current is drawn through the input diode, the
voliage increases ever so slightly. As the voliage in-
creases, it turns on the iransistor at the same rate. Be-
cause the input is logarithmic, the output of the expo-
nential transistor is linear. Therefore, the [ current is
reflected by the current mirror on the bias rail to the
ouiput node 126.

When there is no net difference current flowing in the
bias rail 42 of the first buffer 30, the two current mirrors
100 and 102 are matched against one another. There-
fore, the current in the rail 138 flowing between the
positive current mirror 100 and the negative currem
mirror 102 is quiescent. When the two current mirror
sources 100 and 102 are at the same current, the node
126 is maintained at a still level or potential. This level
could be +35 Volts, —10 Volts, etc. However, it is not
necessarily at zero voits. There is no net change in
voltage of the node 126 between the two current mirror
sources 108 and 102. When there is a net difference in
current between the output of the current mirrors 100
and H12, that net difference gives a net voliage force or
acceleration causing a change in voltage at the node
126. This change of voltage continues until the balance
between the two sources is reestablished. The balance is
restored by the feedback resistor 136 supplying the
same offset current that was originally supplied by the
input vohage. There is no more net difference in the
current rails of the input buffer 30. As soon as the cur-
rent comes up from the feedback branch, the current in
the bias rail 42 gets closed off and the balance is
achieved again.

It should be noticed that the load resistor 40 a1 the
outpui of the first buffer determines the slope of the
transfer function. If the ioad resistor 40 at the output of
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the input buffer 30 is too low in value, the velocity is 100
great and may cause a single overshoat. In the preferred
embodiment of the present invention, a load resistance
of 500 ohms was found to be highly adequate for the
current mirrors used in the present invention. It should,
however. be understood that this value can change
depending upon the characienistics of the current mir-
rors and both buffers. A value of 100 chms has also been
found adequate. If, however, the current mirrors and
first buffer are of excellent quality as well as the second
buffer 104, the load resistor could be higher than be
1000 ohms. Practically, the value of the Ryugis chosen
10 obtain the correct value for the smoothest balancing
of the current mirrors selected, If Rygaq is too high, the
response may be too slow (low open loap gaia). Once
Rigad has been selected, the values of the other resistors
are selected so as to obtain the preselected gain. The
gain may therefore vary on'a 1 to 10 range, whereas the
frequency may vary on a | to 2 range. The gain can
therefore be changed on a wide range without changing
the overall frequency response. In the present inven-
tion, once a frequency response has been settled upon
by selecting Rioag, the gain can be varied independently
of this frequency response. This is different from opera-
tional amplifier for which thereisa | to 1 inverse corre-
spondence between the frequency response and the
gain.

In an alternate embodiment, a bias device can be used
in the first buffer 30 and the second buffer 104 so as 0
prevent any cross-over distortion. This bias device is for
the two output stages.

As mentioned above, the feedback branch from the
second buffer 104 can be placed a1 the output of the first
buffer 30 or at its input depending on whether the buffer
inverts or not. The feedback can also be returned to the
current mirrors 100 and 102 instead of the load resistor
40.

Although the preferred embodiment of the present
invention has been described in connection with an
ouwput stage formed by an output buffer, the present
invention should not be limited to such a configuration.
In particular, the input stage comprised of the first
buffer and opposing current mirrors can be connected
to another similar input stage or several input stages. In
this particular embodiment, the input stages are cas-
caded back to back without using an output buffer be-
tween stages.

The principal advantage of the circuits in accordance
with this present invention is the increased range of
open loop gain and closed loop linearity thus obtained.
The amplifier of the present invention can therefore
accept very high inputs and yet remain linear. It can
also take overdrive signals as is often the case in audio-
signals for a number of musical instruments as well as
many servo-robotic control applications.

The amplifier of the present invention also has excel-
lent high frequency roll-off characteristics. The roll-off
is of the first order, typically between 100 khz and 5
MHz. When used with inpuot audio-signals, the second
buifer is connected to a sound reproducing transducer.
In such a use, the amplifier of the present invention has
excelient sonic performances. The open loop gain is set
by the load resistor 40. The closed loop stability is set
once by proper selection of this load resistor. There is
no need for trimming in production runs. Furthermore,
no capacitors or compenszation are needed. The overall
bandwidth is set by the closed loop gain, the value of
the load resistor and by the bias current circulating in
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the current mirrors. Extreme load conditions only re-
duce the bandwidth but not stability, and never more
than an cctave with good designs which is important in
many servo and robotic applications. The amplifier of
the present invention is unconditionally stable and does
not oscillate under any load or input overdrive condi-
tions provided there is enough bypass capacitance. The
amplifier actually damps all load vanations at all fre-
guencies inside its bandwidth.

As mentioned hereinabove, each stage of the amplify-
ing circuit is linear over a large driving range. Contrary
to differential pairs, no slew rate phenomenon can be
observed. Larger load variations simply produce Jarger
damping (to the limits of the output stage).

Finally, the amplifier of the present invention has no
slew rate. This means that the greater the input over-
drive is, the faster the output climbs. This has redeem-
ing qualities in both audio amplifier and servo/robotics
applications. In the eudio field, the crescendo of namer-
ous instruments may require extreme rise and fal times
in the first instamt of the clash. Any amplifier with a
slew rate, no matter how fast, erases part of these stgnals
during the slew rate.

An alternative embodiment of the present invention is
shown in FIG. 8. The numerals in FIG. 8 designate the
same elements shown in FIG. 7.

FIGS. 4¢ and 4 illustrate a block diagram of the
differential buffer block of the present invention. The
like numerals designate the like elements as in FIGS. 7,
8. It is the nearest equivalent to the differential pair
without a saturation region or slew rate. In the differen-
tial buffer block shown in FIG. 4, the buffer A is at-
tached to the rest of the stages; current mirrors, outputs
and feedback. The buffer B may or may not be attached
to its own stages; current mirrors, and ocutpwt for a
complementary output to A. If one assumes that a signal
of 1 voltis supplied to the input 32 of buffer A, as shown
in FIG. 4/, while buffer B is 0 volts, then a current,
differential in nature, will traverse the resistor 40 from
buffer A to buffer B. This current is equal for both
buffers A and B, and will affect the following stages of
both buffers A and B in equal but opposite directions.
This current is proportional to the voltage drop across
the resistor 40 (or the difference between buffer A input
and buffer B input divided by the value of the load
resistor 40, )

Il one assumes that a + 1 volt signal is applied at the
input 32 of buffer B, while buffer A remains at + 1 vol,
here is no set voltage drop across the resistor 40 and no
resulting current. Both final output currents of buffers
A and B will be zero again.

In the event that & +2 volt signal is applied at the
input 32 of buffer B, while buffer A remains at -+ 1 volt,
there is a differential current proportional to the voltage
1 volt divided by the value of the resistor 40. This cur-
rent now flows from buffer B to buffer A—opposite
from the first situation, but still differential in nature.

This differential buffer block permits one to take the
difference between two inputs with great accuracy at
high frequencies—based on the matching and offsets of
buffers A and B. Also, both inputs have high input
impedance which is Important in low level audio or
servo/robotic measurement applications. This allows
the common mode rejection bandwidth to equal the
large signal bandwidth in the present invention. There is
also a specific need in audio for this configuration in the
constriction of precision active cross-over networks. In
the differential buffer block, any reference to the feed-
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back elements and paths has been lefi out as. at this
point. with two inputs and two outputs with gain, the
possible pumber of combinations of feedback paths is a
very large number—al least as big as the number of
feedback combinations applied to the prior art OP AMP
with its differential pair. A person skilled in the art will
recognize that any number of configurations is possivle,
and it would be a mere routine task to select the proper
feedback path configuration for the desired results using
the difierential buffer block of the present invention.

Reference is now made 1o FIG. 9 which shows three
types of dyramic “step changes” which are useful in
evaluating the high frequency performance of the am-
plifiers of the present invention. These three signals are
desigmated by the roman numerals 1, 11 and ITL. The
input signals are sguare waves having a rise time of the
order of 10 ns and of peak voltage 5 V. The output
signals produced by the amplifier of the present inven-
tion vary between —50 Volts and + 30 Volis (gain 10,
bandwidth 500 khz} and are represented in the lower
part of FIG. 9. FIG. 9 shows the ability of the amplifier
of the present invention to track large signal transients.
Notice that the storage delay is almost nonexistent. It
should also be noted that the amplifier in accordance
with the present invention can follow signa! informa-
tion embedded in the step change which is beyond the
amplifier’s bandwidth. In the owtput signal 1, no slew
rate. overshoot, or ringing can be observed. The rise

- time of the output signal is caused by the single RC time

constant of the current mirrors inside the amplifier. It is
thus of a first order nature. The fundamental represenia-
tion of the higher harmonics of the output step signals 11
and 11l are faithfully represented and in phase with the
input signzls. “There is Jittle loss of the information on

the rising edge, no T.1.M. distortion, and no overshoots 3
. as in amplifiers comprising differential pairs.

The audio and servo/robotics amplifiers of the pres-
ent invention may be embodied in other specific forms
without departing from its spirit or essential characteris-
tics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive and
the scope of the invention is, therefore, indicated by the
zppended claims rather than by the foregoing descrip-
tion. All changes which come within the meaning and
range of equivalency of the claims are 1o be embraced
with their scope.

What is claimed and desired to be secured by U.S.
Letters Patent is:

1. An electrical circuit for amplifying complex or
high speed signals, constructed with solid state devices,
comprising: o first input buffer, having 2 single, non-
inverting input of high impedance, ua open loop voltage
2ein not excending unity, and 2 low impedance output;

a first current rail traversing through said first input
‘budfer Jur supplylng currenis to said first buifer’s
low impedance output;

a pair of opposing current mirrors whose inputs are
connected to said first current rail of said first input
buffer and whose outputs are combined together;

a load resistor connected to output of said first input
buffer, the combination of said first buffer, said
opposing curtent mirrors and said load resistor
forming a first input stage;

a second output buffer having a single non-inverting
input of high impedance which is connected to the
output of the opposing current mirrors, an open
loop voltage gain not exceeding unity, and a low
impedance output; .
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a second current rail traversing through said second
output buffer for supplying currents to said second
buffers low impedance output:

dual voltage supply rails for driving said opposing
current mirrors, subsequent first input buffer and
said second output buffer; and,

a feedback means is connected from the said second
buffer output to the load resistor of said input
buffer.

2. An electrical circuit as defined in claim 1 with
wherein a feedback nerwork means is connected from a
final output to the inputs of said opposing current mir-
YOrs.

3. An electrical circuit as defined in claim I with bias
means 10 minimize or eliminate common crossover dis-
tortion.

4. An electrcial circuit as defined in claim 1 for use at
different power levels wherein said amplifier circuits
are designed and used for very low power signals, low
and medium power signals, as well as high and very
high power signals of complex, wideband wave shapes.

5. An electrical cireuit as defined in claim 1 wherein
said amplifier circuits are designed and used for audio
signals, at any or all appropriate power levels used
therein.

6. An clectrical circnit as defined in claim 1 wherein
said amplifier circuits are designed and used for servo
control loop signals, at any or all appropriate power
levels used therein.

7. An electrica) circuit as defined in claim § wherein
said amplifier circuits are designed and used for robotic
control loop sigrals at any or all appropriate power
levels used therein.

8. An electrical circuit with very high gain for amplhi-
fying complex or high speed signals constructed with
solid state devices, comprising:

a first ipput buffer, having a single, non-inverting
input of high impedance, an open loop voltage gain
not exceeding unily, and a low impedance output;

a first current rail traversing through said first input
buffer for supplying currents to said first buffer’s
low impedance output;

a pair of opposing current mirrors whose inputs are
connected 1o said first current rail of said first input
buffer and whose cutpuls are combined together;

a load resistor connected to output of said first input
buffer, the combination of said first buffer, said
opposing current mirrors and said load resistor
forming a first input stage;

a second input stage, similar in form and function to
said first input stage, wherein the input of said
second input stage s counected to the combined
outputs of the oppoesing current mirrors of sajid first
input stage:
third output bulles having a single, non-inverting
input and a low impedance output and transversing
curren! rail s attached to the combined current
mirror outputs of said second input stage;

dual voltage supply rails for driving said first and
second input stages and said third output buffer;
and

feedback means connecting 2 final output to the load
resistors of at lesst one of said first and second
input stages.

9. An electrical circuit as defined in claim 8, wherein

a feedback network means is connected from & final
outtput to at least one pair of inputs of said opposing
current mirrors.

5]
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10. An electrical circuit as defined in claim 8 with bias
means to minimize or eliminate common crossover dis-
tortion,

1. An electrical cireuit as defined in claim 8 for use
at different power levels wherein said amplifier circuis
are designed and used for very low power signals, low
and medivm power signals, as wel] as high and very
high power signals of complex, wideband wave shapes.

12. An electrical circuit as defined in claim 8 wherein
said ampiifier circuits are designed and used for audio
signals, at any or all appropriate power levels used
therein.

13. An electrical circuit as defined in claim 8 wherein
said amplifier circuits are designed and used for servo
control {oop signals, a1 any or all appropriate power
levels used therein.

14. An electrical circuit as defined in claim 8 wherein
said amplifier circuits are designed and used for robotic
control loop signals at any or all appropriate power
levels used therein,

15. A method of amplifying complex waveforms as
high speed audio, servo, or robotic conirol signals from
very Jow to medium power levels used therein, without
slew rate or the need for compensation, comprising the
steps of:

applying a voltage signal a1 the input of a first input

bufTer;

applying a current rail through said first input buffer

for supplying current to said input buifer's low
impedance output;

producing a varying current through a load resistor

at the output of said firsi input buffer, in direct
proportion 1o input voltage signal;

changing the intensity of the bias curren traversing

said current rail through said firsi input buffer in
direct proportion to input voltage signal:
reflecting these changes of intesity in said current rail
through a pair of opposing current mirrors, the
combination of said first buffer, szid load resistor
and said current mirror forming a first input stage;

mputting said change of intensity at the input of a

second output buffer; ang

providing a feedback network means of passive com-

ponents {rom the output of said second output
bulfer 1o the lead resister of saigd frst input buffer.
16. A method of completely eliminating slew rate
distortions and osciliations in complex wideband wave-
shapes at high power leveis in audijo signals, servo con-
trol loop signals, and robotic control loop signals, com-
prising the steps of: .
applying an input voltage signal at an input of 2 first
inpur buffer;

transforming said inpus voltage signal into a current
signal at the low impedance output of said first
input buffer through a load resistor;
adding the changing intensity of said current signal
into a bias current rail going through said first
buffer:;

transferring the said current signal through a pair of
regulated, dual voltage supply rails;
reflecting said current signal through a pair of oppos-
ing current mirrors at regulated, dual, higher volt-
age supply rails;

applying said current signal at an input of a second
output buffer, said second output buffer being tra-
versed by another current rail which supplies cur-
Tent 1o a low impedance load from s third pair of
dual high voliage supply rails, and;
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applying feedback from the oulput of said second
buffer to the load resistor of said first input buffer
and the inputs of saidd opposing current mirrors,

17. An electrical circuit for amplif¥ing complex, high

speed power signals, having voltage regulation for the
input stage, and constructed with solid state devices,
comprising:

a first input buffer, having a single, non-inverting
input of high impedance, an open loop voltage gain
not exceeding uniry, and a low inpedance output;

a first current raif traversing through said first input
buffer for supplying currents ta said first buffer’s
low inpedance outpu;

a pair of opposing current mirrors whose inputs are
connected 1o said first current rail of said first inpu
baffer and whose outputs are combined together;

a load resisior connected 1o output of said first input
buffer, the combination of said first buffer, said
Opposing current mirrors and said load resistor
forming a first input stage;

a first set of dual, regulated, opposing voltage supply
rails for supplying currents to said first input stage:

a second output buffer having a single, non-inveriiag
input of high impedance which is connected to the
combined outputs of the said 0pposing current
mirTors, an open loop voltage gain not exceeding
unity. and a low impedance output;

a second currenl! rail traversing through said second
output buffer for supplying current to said second
buffer's low impedance owtpur;

2 second, higher set of dual, opposing voliage supply
rails for supplying currents to both said current rail
of said output buffer and the inputs of the said first

- set of regulated voltage supply rails; and,

a feedback means is connected from the said second -

buffer's output to the load resistor of said first input
buffer.

8. An electrical cireuit as defined in claim 17 with
bias means te minimize or eliminate common crossover
distortion.

19. Ap electrical circuit as defined in claim 37 for use
at different power levels wherein said amplifier circuity
are designed and used for very low power signals, low
ad mediom power signals, as wall as high and very
high power signals of coniples, wideband wave shapes.

20. An electrical circuit as defined in claim 17
wherein said amplifier circuits are designed and used for
audio signals, at any or al] appropriate power levels
used therein.

21. An electrical circuit as defined in claim 17
wherein said amplifier circuits are designed and used for
servo control loop signals, at any or all appropriate
power levels used therein.

22. An electrical circuit as defined in claim 17
wherein said amplifier circuits are designed and used for
robotic control loop signals at any or all appropriate
power levels used therein.

23. An electrical circuit for amplifying complex, high
speed, high voltage signals having voltage regulation
for the input buffer and constructed with solid state
devices, comprising:

& first inpot buffer, having a single, non-inverting
input of high impedance, an open loop voltage gain
not exceeding unity, and a low impedance output;

a first current rail traversing through said first input
buffer for supplying currents to said first bufTer’s

low impedance output;
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a first set of dual. regulated, Opposing voltage supply
rails for supplying currents 10 said current rail of
said first input buffer:

a pair of opposing current mirrors, whose mputs
supply currents 10 the said first set of regulated
voltage supply rails, and whose outputs are com-
bined together:

a load resistor connected 10 output of said first input
buffer, the combination of said first buffer, said first
set of regulated voltage supply rails, said opposing
current mirrors, and said joad resistor forming a
first input stage;

a second output buffer having & single, non-inverting
input of high impedance which is connected to the
combined outputs of the said opposing current
mirrors, an open loop voliage gain not exceeding
unity, and a low impedance output;

2 second current rail traversing through said second
output buffer for supplying currents to said second
buffer's low impedance output;

a second set of dual, opposing high voltage supply

20

rails for supplying currents 1o said first input stage

and said current rail of said output buffer; and,

a feedback means is connected from the sajd second
buffer’s output 10 the load resistor of said firsi input
buffer.

24. An elecrrical circuit as defined in claim 23 with
bias means 1o minimize or eliminate common crossover
distortion.

25. An electrical circuit as defined in claim 23 for use
at different power levels wherein said amplifier circuits
are designed and used for very low power signals, low
and medium power signals, as well as high and very
high power signals of complex, wideband wave shapes.

26. An electrical circuit as defined in claim 23
wherein said amplifier circuits are designed and used for
audio signals, at any or all appropriate power levels
used therein. ]

27. An electrical circuit as defined in claim 23
wherein said amplifier circuits are designed and used for
servo control loop signals, at any or all appropriate
power levels used therein.

28. An electrical circuil as defined in claim 23
wherein said amplifier circuits are designed and vsed for
fobalic contrel Joop signals at any or all appropriate
power levels used therein.

29. An electrical gircuit for amplifying complex, high
speed signals having extremely hgh gain znd con-
structed with solid state devices, wherein 2 plurality of

[ N R AT

dotes

st put LufTer, hwving single, nui-nveiting

input of high impedance, an open loop voltage gain

not exceeding unity, and a low impedance output;

a first current rail traversing through said first inpw
buffer for supplying currents to seid fest bufTers
low impedance outpuy;

a pair of opposing current mirrers whose inputs arc
connected to said first current rail of said first input
buffer and whose outputs are combined together;

2 load resistor connected to output of said first input
buffer, the combination of said first buffer, said
opposing current mirrors and said load resistor
forming a first input stage;

a plurality of input stages, similar in form and func-

tion to said first input stage, are connected in a

senially cascaded fashicn, buffer input to current
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mMirror output. starting with the said first input
Stage and continving until the last input stage;

a final output buffer having a single non-inverting
input of high impedance which is connected to the
combired outputs of the last set of OPpOSIRE Clr-
rent mirrors, an open loop voltage gain not exceed-
ing unity, and a low impedance output;

& current rail traversing through said final output
buffer for supplying currents to ssid final buffer's
low impedance output;

a sei of dual, opposing voltage supply rails for supply-
ing currents to all said input stages and said corrent
rail of said output buffer; and,

a feedback network means is connected from a final
output to the load resistors of at least one of said
input buffers and 10 at least one pair of the inputs of
said opposing current mirrors.

30. An electrical circuit as defined in claim 29 with
bias means to minimize or eliminate common crossover
distortion.

31. Ap electrical circuit as defined in claim 29 for use
at different power levels wherein said amplifier cireuits
are designed and used for very low power signals, low
and medium power signals, as well as high and very
high power signals of complex, wideband wave shapes.

32. An electrical circuit as defined in claim 29
wherein said amplifier circuits are designed and used for
audio signals, at any or all appropriate power levels
used therein.

33. An electrical circuit as defined in claim 25
wherein said amplifier circuits are designed and used for
serva control loop signals, at any or all appropriate
power levels used therein.

34 An electrical circuit as defined in claim 29
wherein said amplifier circuits are designed and used for
robotic centrol loop signals ar ary or all appropriate
power levels nsed therein.

35. An electrical circuit for amplifying the difference
between complex, high speed signals having differential
outputs and construcied with solid state devices, com-
prising:

a first and second input bufTer, each having a singje
non-inverting high impedance input, an open joop
voltage gain not exceeding unity, and a low impe-
dance oulput;

a first current rail traversing through said first input
buffer, a second current rail traversing through
said second input buffer, each current rail for sup
plying currents to said respective first and second

IR S Debween the -

puts of said fust and second lopui butfers, the com-
bination of said first input buffer, said second input
buffer, and said load resistor forming a differential
buffer block;

n firss

18 s 0

snd second pair of epposing current o
cach with combined outputs and whose wputs are
connected to said first current rail of said first input
buffer and to said second current rail of said second
tnput buffer, respectively;

a first and second output buffer, each having a single,
non-inverting high impedance input which are
each connected respectively to the combined oul-
puts of said first and second opposing current mir-
rors, each having open loop voltage gains not ex-
ceeding unity, and each having low mmpedance
outputs;
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a first current rail traversing through said first output
buffer, z second current rail Traversing through
said second output buffer, each current rail for
supplying currents (o said respective first and sec-
ond oulput buffers’ low impedance outputs;
dual opposing voitage supply rails for driving both
said opposing current mirrors, subsequent first and
second input buffers and said first and second ount-
put buffers; and

a feedback network means of passive components is

connected from at least one output of said first and
second output buffers 1o at least one end of the Joad
resistor means.

36. An electrical circuit as defined in claim 35 with
bias means to minimize or eliminate common CrOSsOver
distortion.

37. An electrical circuit as defined in claim 35 for use
at different power Jevels wherein said amplifier circuits
are designed and used for very low power signals, low
and medium power signals, as well as high and very
high power signals of complex, wideband wave shapes.

3. An electrical circuit as defined in claim 35
wherein said amplifier cireuits are designed and used for
audio signals, at any or alt appropriate power levels
used therein,

39. An electrical circunt as defined in claim 35
wherein said amplifer sircuils are designed and used for
servo comrol loop signals, al any or all appropriale
power jevels used therein.

40. An electrical circuil as defined in claim 35
wherein said amplifier circuits are designed and used for
robotic control loop signals at any or all appropriate
power levels used therein.

veinanl chieuin foroam

JUNT AT

S IREVAR I o

between complex, high speed signals having differentia
outpwis, having voltage regulation for the gain stage,
and constructed with solid state devices, comprising:

a first and second input buffer, each having a single
nen-inverting high impedance input, an open loop
voltage gain not exceeding unity, and a low impe-

- dance output;

a first current rail traversing thraugh said first input
buffer, 2 second current rail traversing through
said second input buffer, each current rail for sup-
plying currents to said respective first and second
input buffers® low impedance outputs;

a Joad resistor means is connected between the gut-
puts of said firsi and second input bufTers, the com
bination of said first input buffer, said second nput
bufTer, and said load resistor formiang a differentia)
buffer block:

a first and second pair of opposing current mirrors
with combined outputs and whose inputs are con-
nected to said first current raji of said- first input
buffer and to said second current rail of said second
input buffer, respectively,

8 first st of dual, regulated, opposing voltage supply

suile fur sepplying earrents (o said Birst andd second

Opposing current wirrors and subsequeni said dif- ¢

ferential buffer block;

a first and second output buffer, each having a single
non-inverting high impedance input which is con-
nected respectively each to the combined output of
said first and second opposing current Mmirrors,
each having an open loop voltage gain not exceed-
ing unity, and each having a low impedance oui-
put;
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a first current rail traversing through said first output
buffer, a second current rail rraversing through
said second owtput buffer, each current rail for
supplying currents 1o said first and second ouiput
buffers’ Jow impedance outputs;

a second, higher set of dual, opposing voliage supply
rails for supplying currents to both said current
rails of said output buffers, and the inputs of the
said first set of regulateg voltage supply rails; and,

a feedback network means of passive components-is
connected from at least one output of said first and
second output buffers to at least one end of the load
resistor means.

42. An electrical circuit as defined in claim 41 with
with bias means to minimize or eliminate common
crossover distortion.

43, An electrical circuit as defined in claim 41 for use
at different power levels wherein said amplifier circuits
are designed and used for very low power signals, low
and medium power signals, as well as high and very
high power signals of complex, wideband wave shapes.

44. An electrical circuil as defined in claim 41
wherein said ampiifier circuits are designed and used for
audio signals, at any or alj appropriate power levels
used therein,

43. An electrical circuit as defined in claim 4}
wherein said ampiifier circuits are designed and used for
serve centrol loop signalz, al any or all approptiate
power levels used therein.

46. An electrical circuit as defined in claim 43
wherein said amplifier circuits are designed and vsed for
robotic contro! loop signals at any or all appropriate
power levels used therein.

47. An electrical circuil fnr amplifying complex. high
speet, high power signals baving voliage regulation for
the input buffer and the input stage, and constructed
with solid siate devices, comprising:

a first input buffer, having a single, non-inverting
input of high impedance, an open Ioop voltage gain
not exceeding unity, and a low impedance output;

a first current rail traversing through said first inpwt
buffer for supplying currents to said first buffer’s
low impedance output;

a first set of dual, regulated, apposing voltage supply
rails for supplying currents to said current rail of
said first input buffer,

a pair of opposing current mirrors, whose inputs
supply currents to the said first set of regulated
voliage suppiy rails, and whose outpuls are com-
bined together;

a load resistor connected o output of said first input
buffer, the combination of said first buffer, said first
set of regulated voltage supply rails, said opposing
current mirrors, and said load resistor forming a
first input stage;

asecond set of dual, regulated, opposing high voltage

supply rails for supplying currents to said first input

stage;

4 rectnd oulput 3 shigle, son-inve:
rput of bigh tnpedance which is connected 1o the
combined outputs of the said opposing current
mirrors, an open loop voltage gain not exceeding
unity, and a low impedance output;

a second current rail traversing through said second
output buffer for supplying currents to said second
buffer's low impedance outpur;

a third, higher set of dual, opposing high voltage
supply rails for supplying currents to both said

g
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current raib of said output buffer and the inputs of
the said second set of regulated high veltage supply
rails; and.

a feedback means is connected from the said second
buffer’s o!lnpul 10 the load resistor of said first input
buffer.

48. An electrical circuit as defined in ciaim 47 with
bias means to minimize or eliminate common crossover
distortion.

49. An electrical circwil as defined in claim 47 for use
al different pawer levels wherein said ampfifier circuits
are designed and used for very low power signals, low
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and medium power signais, as well as high and very
high power signals of complex, wideband wave shapes.

30. An elecirical circuit as defined in claim 47
wherein said amplifier circuits are designed and used for
apdio signals, ai any or 2]l appropriate power levels
used therein.

SL An electrical circuit as defined in claim 47
wherein said amplifier circuits are designed and used for
servo control loop signals, at any or all appropriate
power levels used therein.

52. An electrical circoit as defined in claim 47
wherein said amplifier circuits are designed and used for
robotic contral joop signals at any or all appropriale

power levels used thereis.
* £ * & ¥




