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6 Claims.

This invention relates to amplifiers, and more
particularly to wide-band amplifiers which are
constructed and arranged to introduce no time
delay at any frequency within a predetermined
transmission band. c ‘ :

One of the recognized effects produced by the
conventional amplifier stage is that the phase of
the amplifier’s output signal is shifted with re-
spect to the phase of the input signal. The phase
shift produced by a given amplifier is, in gen-
eral, a function of the signal frequency. This
phase, shift increases with the number of stages.
In many applications phase shift is not disad-
vantageous so long as the phase shift produced
by the amplifier increases linearly with frequency.
This ¢ondition is difficult to obtain, however, par-
ticularly in wide-band multi-stage amplifiers, and
conseéquently efforts in this direction have not al-
ways been satisfactory. In other instances, the

presence of any phase shift whatever, whether.

linear or not, is disadvantageous. The present
invention is directed toward novel means for pre-
venting the occurrence of time delay or phase
shifts in amplifiers,

Accordingly it Is a principal object of the pres-
ent invention to provide an amplifier which is
capable of transmitting a predetermined band of
signal frequencies without substantial time de-
lay.

It is another object of the present invention
to provide an improved coupling impedance for
use between vacuum tube stages, which imped-
ance is constructed and arranged to present a
pure resistance at all frequencies within g pre-
determined transmission band. :

It is a further object of the invention effec-
tivély to overcome the deletericus effects of the
plate-output and grid-input capacities of vacuum
tubes. .

It is another object of the invention to pro-
vide a novel coupling impedance, which imped-

]
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ance is capable of “absorbing” certdin undesired

shunt capacitances inherently associated with the
circuits to be coupled. ’ ‘

It is still another object of the invention to
provide a novel load network for use with vac-
uum tubes, which network shall have a substan-
tially constant resistive impedance throughout a
* desired or predetermined transmission band.

Other objects and purposes of “the invention
will be apparent to those skilled in the art from
the following description and the accompanying
drawing, in which: -

Fig. 1 is a schematic wiring diagram 6f a pair .
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of vacuum tube amplifier stages coupled by means
of an impedance Z; :

Fig. 2 is a block diagram of an improved form
of the impedance Z of Fig.1; .

Fig. 3 is a schematic diagram of the load im-
pedance of the present invention in a basic and
highly developed form; . ‘

Fig. 4 is an explanatory diagram which repre-
sents graphically certain of the impedance-ver-~
sus-frequency characteristics of elements of the
present invention;

Fig, 5 is a schematic diagram of g more prac-
tical form of the invention;

Fig. 6 is a schematic circuit diagram of a sim-
plified coupling network; and
- Fig. 7 is a schematic circuit diagram of g highly
simplified coupling circuit. ‘

Reference is first made to the circuit of Fig. 1
in which the environment of the invention is
ilustrated. This circuit comprises a pair of vac-
uum tubes V1 and Va2 which are coupled, in con-
ventional manner, by means of the plate load im-
pedance Z and the coupling condenser Cz. Plate

current may be supplied to the amplifier tube V:

by means of a suitable battery or other source
(not shown) connected to the terminals gesig-
nated B— and B+. The present invention re-
lates to an improved impedance Z, the terminals
of which are designated £ — z in Fig. 1. In the
interest of simplicity the vacuum tube amplifier
circuit will not be repeated in the subsequent fig-
ures, but the terminals of the improved coupling
network, which forms the basis of the present
application, will also be designated z — Z, and it
will be understood that such coupling networks
may be connected in the circuit of Fig. 1 in place
of the generalized coupling network Z.

Fig. 2 shows, diagrammatically, an improved
plate load or coupling network constructed in-ac-
cordance with the principles of the present in-
vention. According to the invention the im-
proved load impedance comprises the parallel
combination of the mid-series input impedance,
21, of & filter terminated in its characteristic im-
bedance, and the mid-shunt input impedsance, Zo,
of a second filter terminated in its characteristic
impedance. Preferably both flters should be
constructed and arranged to have like charac-
teristic impedances, and like cut-off frequencies.

0 As will be shown hereinafter the parallel com-

bination of such a pair of impedances Z1 and Z,
may be. a nearly constant pure resistance
throughout a predetermined transmission band.

The basic schematic form, or prototype, of the
improved impedance illustrated diagrammatically
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be understood that more complex types, such as
the m-derived types, may also be used to advan-
tage. In Fig. 3 the portion of the system to the
left of the terminals r—2 represents, schemat-
ically, the impedance Z1, while the portion of the
circuit to the right of the terminals x—T repre-
sents, schematically, the impedance Za. The im-
pedance Z1 consists, it will be observed, of a con-
ventional low pass filter having a conventional
mid-series input section. That is, the input sec-
tion- includes & series inductance element whose
inductance is half that of the other series induct-
ance elements. The filter may be of the constant
k type and there may be as many sections, each
comprising series inductance L and shunt capac-
ity C, as may be desired. ‘The filter, if it is not
infinitely long, may be terminated conventionally,
in its characteristic impedance, through the
agency of a conventional terminating section 2.

The portion of the load impedance to the right
of the terminals x—2x comprises a conventional
low-pass filter section having a conventional
mid-shunt input section. "That is, the input sec-
tion includes a shunt capacitance of half the
capacity value of the other shunt capacitance
elements. This filter may also be of the constant
k type, and there may be as many sections com-
prising series inductance 1, and shunt capacity C
as may be desired. This filter may also be termi-
nated conventionally, through the agency, for
example, of any suitable terminating section 4.

It is emphasized that the individual filters uti-
lized in the embodiments of Figs. 2 and 3 are, in
themselves, entirely conventional, and - conse-
quently it is deemed unnecessary to repeat here
any of the highly developed and well-known
filter theory which will be used by those skilled
in the art in the practice of the present invention.
The filters employed may, of course, consist of
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any desired number of sections, each having a.

nominal characteristic impedance Zo equal to the
square root of L/C. Both the mid-series input
filter Z: and the mid-shunt input filter Z2 should
be designed to have the same nominal charac-
teristic impedance, Zo, and both should have the
same cut-off frequency, fe. As used in the speci-

fication and in the claims, the term Zo, or “nomi-

nal characteristic impedance,” refers to the input
impedance of & properly terminated filter net-
work at or near zero frequency (see Fig. 4).

The basie concepts of the invention, as em-
bodied in Figs. 2 and 3, are best described with
reference to the explanatory diagram of Fig. 4.
The impedance characteristic 6—6 shows how
the “mid-series image impedance” of a filter hav-
ing & mid-series input section varies with fre-
quency between the limits of zero frequency
(direct current) and & frequency well above the
cut-off frequency, fe, of the filter. Within the
range f=0 to fc the impedance of such a filter is
purely resistive, being equal to Zo at zero fre-
quency, falling off gradually to zero at the cut-
off frequency, fe, 2t which poing the series input
inductance resonates with the first shunt. capac-
itance. Beyond this frequency the filter exhibits
an inductive reactance, the impedance rising gen-
erally as shown.

The impedance characteristic 8—8 shows how
the “mid-shunt image impedance” of a filter
having a mid-shunt input section varies with
frequency. Within the range from f=0 to the
cut-off frequency, fe, the impedance of such a
filter is also purely resistive, and rises from the
characteristic impedance Zo, approaching infinity
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in Fig. 2, s illustrated in detail in Pig. 3. It wil}

at f.. Beyond fo the filter exhibits a capacitive
reactance, and the impedance of the filter drops
off as shown, approaching zero impedance asymp-
totically. :

By the present invention an improved plate
load, or coupling, impedance is provided by con-
necting in parallel the input terminals of a pair
of filters having characteristics of the type illus-
trated at 6—6 and 8—8 in Fig. 4. The parallel
combination of two such filters results in a load
network having a zero-frequency impedance of
one-half Zo. Since the impedance of the two
filters individually is purely resistive below the
cut-off frequency, it follows that the impedance
of the two filters in parallel is also purely resistive
in this range. Moreover, since the individual
input impedances of the two filters deviate in
opposite senses from: their zero-frequency im-
pedance as fe is approached, it also follows that
the input impedance of the two filters in parallel
will be much more nearly constant throughout
the pass-band. This desirable effect is clearly
shown in Fig. 4 by the combined impedance char-
acteristic 16—10—10. Beyond the cut-off fre-
quency fe, the impedance of the network becomes
reactive, approaching infinity at the frequency
where the impedance: characteristics 6 and 8
intersect. In the drawing this frequency is desig-
nated fr. At the latter frequency the impedance
of the network may be so high as to produce
“singing” of the amplifier system, and conse-
quently it is usually desirable to limit this im-
pedance and thus to forestall such tendency by
damping the network, This may be readily ac-
complished by shunting a suitable damping resist-
or 12 across the input terminals T—2 of the net-
work. In addition it may he desirable to insert a
series damping resistor I4 in the connection to the
inductance element L/2 of the mid-series input
section of the filter extending to the left of the
terminals o—z. Preferably the resistance of the
shunt damping resistor 2 should be high com-
pared to the gsuare root of 1,/C. The resistance
of the series damping resistor {4 should, on the
other hand, be low compared to the square root
of L/C. Tt will be evident that, if desired, the
shunt damping éffect may be taken care of by
the grid leak resistor 18, Fig. 1, in which case
the resistor §2 may be omitted.

The load impedance Z presented by the network
of Fig. 3 is evidently a substantially constant
resistance over the frequency band extending
from zero frequency (direct current) to some
upper limit just below the cut-off frequency fe
of the individual filters. Accordingly a signal
voltage, whose frequency lies within this range,
will experience no time delay in passing through
an amplifier employing plate joad impedances of
this type. .
_ Returning to Fig. 1, the load impedance 7 is,
in practice, inevitably shunted by a capacitance
which is due to the. distributed capacitance to
ground of the leads and of the associated tube
elements, This deleterious shunt capacity is rep-
resented in Fig. 1 by the dashed-line condenser
i6. According to the present invention this dele~
terious capacity may be effectively “gbsorbed”
by simply reducing the value of the input con-
denser C/2 of Fig. 3 by the capacity of the dele-
terious capacity 6. If, perchance, the capacity
{6 should just equal the capacity C/2 of Fig. 3,
the latter may be omitted entirely.

Tt will be understood, of course, that where
D, C., or very slowly varying, voltages are to be
transmitted by the amplifier of Fig. 1, the cou-
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pling condenser Ca must be removed, and resort
had to a conventional conductive coupling ar-
rangement. :

In general it is possible to approach the ideal

form of the invention to a sufficient degree of ac-
curacy by means of networks which are much sim-
pler than that illustrated in Fig. 3. Such & simpli-
fled network is illustrated in Fig. 5. The filter net-
work extending to the right of the input terminals
I— consists of a conventional mid-shunt input
section, followed by a half-section constant %
filter, and terminated in a conventional m-de-
rived termination. The fllter network extending
to the left of the terminals £—z is provided with
& conventional mid-series input section, followed
by a half-section constant k fllter terminated in
a conventional m-derived mid-series terminating
. section. The terminations of both filters include
the customary shunt resistor R whose resistance
is equal to the square root of L/C. It may be
observed that in the circuits of Fig. 5 (et seq.) the
mid-series input filter and the mid-shunt input
filter are terminated differently. Thus in Fig. 5
the former is provided with a conventional mid-
series terminating section, while the latter is pro-
vided with a conventional mid-shunt terminating
section. It will be evident to those skilled in the
art, however, that both filters may be similarly
terminated, it being necessary only to adhere to
the usual filter design conventions.
The plate load impedance illustrated schemat-
ically in Fig. 6 represents a further simplification
. of the system of Fig. 3. In Fig. 6, as well as in
certain of the other figures, not all of the react-
ance elements have been specifically dimensioned,
In general only certain key dimensions which will
serve to identify the system to those skilled in the
art have been set forth in the drawing. It will,
of course, be understood that the invention is not

limited to the specific values designated in the

drawing.

The embodiment of Fig. 7 represents a still
further simplification. While this modification
will give an impedance which is fairly constant
and approximately resistive over the entire pass-
band, its performance is less desirable than that
of the previously described embodiments.

It will be evident that the invention is not
limited to the‘specific forms and embodiments
illustrated, since further modifications falling
within the spirit and scope of the present inven-
tion will be apparent to those skilled in the art.

I claim:

1. In a vacuum tube amplifier, a pair of vacuum
tubes, a two-terminal coupling impedance con-
nected as a load impedance in the output circult
of the first of said tubes, and means coupling
the input electrodes of the other of said tubes
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to the two terminals of said load impedance,
said load impedance comprising the paraliel com-
bination of a first filter network provided with a
mid-shunt input section and a second filter net-
work provided with a mid-series input section.

2. In a wide-band vacuum tube amplifier, a
pair of vacuum tubes, a two-terminal coupling
impedance connected as a load impedance in the
plate circuit of the first of said tubes, and means
connecting the input circuit of the other of said
tubes in shunt with said load impedance, said
load impedance comprising a mid-series input
filter connected in parallel with a mid-shunt in-
put filker, whereby said coupling impedance pre-~
sents a purely resistive, substantially constant
impedance over a predetermined wide range of
frequencies.

3. In a vacuum tube amplifier, a pair of vacuum
tubes, a two-terminal coupling impedance con-
nected as a load impedance in the plate circuit of
the first of sald tubes, and means coupling the
input electrodes of the other of said tubes to the
two terminals of saild load impedance, said load
impedance comprising a pair of terminated low-
pass filters having their input circuits connected
in parallel, said parallel-connected input circuits
providing the two terminals of said coupling im-
pedance, the first reactive element of one of said
filters being & series inductive element, the first

. reactive element of the other of said filters be-

ing a shunt capacitive element, the capacitance
of sald capacitive element being less than the
normal computed value by substantially the mag-
nitude of the deleterious capacitances in shunt
with the associated tube elements. : i

4. In a vacuum tube amplifier, g pair of vacuum
tubes, a two-terminal coupling impedance con-
nected as a load impedance in the plate circuit
of the first of said tubes, and means connecting
the input electrodes of the other of sald tubes
to the two terminals of said load impedance, said
load impedance comprising the parallel combi-
nation of the mid-series input impedance of a
first filter terminated In its characteristic im-
pedance, and the mid-shunt input impedance of
a second filter terminated in its characteristic
impedance. ‘ :

5. A vacuum tube amplifier as claimed in claim
4, characterized in the applicatfon of dissipative

. means to at least one of said filters to prevent

“singing” at frequencies outside the pass-band of
said filters. . ) .

6. A vacuum tube amplifier as claimed in claim
4, wherein both filters have substantially the
same nominal characteristic- impedances, and
both have substantially identical pass-bands.

“WILLIAM E. BRADLEY.




