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This invention relates to an impedance match 
ing arrangement particularly applicable for com 
municating electrical signals between two cir 
cuits. 

In the electrical signal transmission field, the 
problem often arises for communicating-electrical 
signals between unbalanced impedance circuits, 
for example, supplying allowimpedance load from 
a high impedance source. The cathode follower 
typecircuit has been a common device-for-achiev 
ing this result. This circuit is essentially an im 
pedance lowering device having iess than unity 
voltage gain but capable of producing power gain. 
The output voltage of a cathode follower circuit 
has good regulation because of its low impedance 
while the input voltage may have a high imped 
ance and relatively poor regulation. Howevei, 
the normal cathode follower circuit suffers from 
the fact that a given amount of ne-signal biasis 
developed across its output. That is, for Zero Sig 
nal applied to the input circuit of the cathode 
follower, there is a certain amount of Space cur 
rent flow, resulting in a signal being developed 
across its output. Also, the variation of input 
Signal over a given intensity range produceS. a. 
plate current variation through the normal cath 
ode lead resistor which reduces the effectiveness 
of the input signal. These prove to be undesirabie 
if the output signal is to follow the input signal 
identically over a range including zero input volt- : 
age. 
An object of my invention is to provide an im 

proved impedance:matching arrangement. 
3A further object of my invention is to provide 

an improved arrangementifor effecting communi 
cation of signals, variable Over a given range of 
intensities, between circuits of different imped 
ance at unity gain. 
A still further object of my invention is to pro 

wide animproved cathode follower, circuit. 
The novel features; which I believe to be:chair 

acteristic of my invention are set forth With par 
ticularity in the appended claims. My inven 
tion itself, however, both as to its organization 
and method of operation, together with further 
objects and advantages thereof smay best be un 
derstood by reference to the following description 
taken in connection with the accompanying 
drawings wherein Fig.1 shows a circuit diagram 
of an embodiment of my invention, and Fig. 2 
shows, response: curves, employed in-describing the 
invention. 

Briefly, an embodiment of my invention con 
prises, an improved:cathode follower circuit ar 
rangement for supplying a voltage, variable over 
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a range of intensities including zero volts, from a 
high impedance source to a relatively low imped 
ance load. The signals are applied through a 
coupling amplifier to a cathode follower circuit 
whose output circuit is coupled to the load cir 
cuit and also comprises a portion of the cathode 
load circuit of the coupling device. The coupling 
device is provided with a feedback path to coin 
pensate for the effectively reduced input signals 
due to plate current variations in the output cir 
cuit. 

Fig. 2 illustrates certain characteristics showing 
the operation and certain of the advantages of 
my invention. In Fig. 2 the curve A bearing the 

, legend “Desired response' shows the relationship 
between the voltages at the output terminals 2 
of the apparatus illustrated in Fig. 1 plotted as 
ordinates and the voltages at the input terminals 

of that apparatus plotted as abscissae. It will 
be observed that the origin of this curve A is zero 
and that the output voltage at terminals 2 varies 
linearly from zero with variation in voltage at 
terminals. 
The relationship of this curve. A to curve B of 

Fig. 2 illustrates the advantage of my invention 
Over that of the usual cathode follower circuit. 
Curve B represents the corresponding character 
istics of the usual cathode follower circuit not 
employing my invention. It is observed that at 
Zero input voltage a considerable output voltage 
appearS. and that this voltage increases substan 
tially lineatly only over a range considerably less 
than the range of linear response of my inven 
tion. 

Referring to the Fig. 1, positive and negative 
going Voltages with respect to ground and avail 
able across terminals from a high impedance 
Source, not shown, are to be supplied to the output, 
terminals 2 associated with a relatively low in 
pedance load, also not shown. To achieve this re 
Sult, a main cathode follower circuit, comprising, a 
triode 3 having its anode. A directly coupled to a 
Source of B-. Woltage and its cathode. electrode-5 
coupled by the cathode load impedance 6 to 3, 
source of B- Voltage. Under, the normal cathode 
follower operation, the output, developed across-6 
would be applied to the output terminals. 2. In 
the present arrangement, the signals available 
at are applied between an effective interediate 
point on 6 and the control-electrode of pentode 
8, operating as a coupling amplifier, Which in tulia 
Supplies the signals in amplified for . over CGl 
pling resistor 9 to the control -electrode 3 - of 
triode operating as a phase inverter. The-in 
verted, amplified Signals are coupled from the 
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output of by means of coupling circuit 2 to 
the control electrode 3 of tube 3. The output of 
tube 3, available across 6, is thereupon Supplied 
to terminals 2 by lead 4 connected to point 5. 
Thus any variation in the input Voltage available 
at , resultS in an output Voltage Variation avail 
able acroSS terminals 2. 

In order to compensate for the no-signal bias 
the output of tube 3 is included in the voltage 
divider circuit comprising pentode 8, thereby per 
mitting cathode 5 to be operated at ground level. 
Thus for zero input voltage available at , the 
tap on potentiometer 6 is adjusted to provide 
Zero Or ground level Voltage acroSS output ter 
minals 2. Thus a positive or negative going volt 
age With respect to ground at terminal results 
in a corresponding positive or negative going 
Voltage respectively, properly referenced with re 
Spect to ground, being available at terminals 2. 
As the input Voltage is increased, the output also 
increases by Virtue of increased current flowing 
through 6. Most of this increased current is sup 
plied by tube 3, resulting in a decreased grid to 
Cathode bias of tube 3. This change in bias is 
produced by a change in the grid of cathode bias 
Of tube 8 amplified by the gain of the circuit. 
Also, the increased current flowing through the 
Cathode load of tube 8 comprising resistances 6 
and f causes an increase in the voltage drop 
from cathode 8 to the output terminal 2. The 
change in bias of tube 8 and the increased drop 
acroSS 6 and both cause the output voltage 
available acroSS terminals 2 to be less than the 
input voltage. 
To compensate for this non-linearity in trans 

fer of Signals from terminals f to terminals 2, 
the voltage of Screen 9 of tube 8 is arranged to 
be increased with increased input, hence increas 
ing the plate current through tube 8 and the out 
put resistance 6, thereby raising point, 5 to its 
required level. This screen voltage variation is 
effected by a feedback arrangement coupling a 
portion of the output of the phase inverter 
available acroSS the anode load potentiometer 28 
through device 2 to the screen grid 9. Device 
2 is arranged with its anode electrode coupled 
directly to B- and its cathode electrode coupled 
directly to the screen electrode 9 with the output 
Signals available acroSS 26 being applied to its 
Control grid. The rate at which the screen to 
Cathode Voltage of device 8 is increased is con 
trollable by adjusting the tap on potentiometer 
20. With the proper adjustment of the tap of 
potentionetter 20, the current through tube 8 is 
Caused to increase even With a decrease in grid 
to Cathode bias of tube 8. The increase in cur 
rent through tube 8, as previously mentioned, 
compensates for the decrease in cathode to output 
Voltage of tube 8. 

Recapitulating the series of events, the output 
Of tube 8 is applied through the phase inverter 
tube to the input of cathode follower tube 3 
resulting in a corresponding current change 
through load impedance 6. For a Zero input 
Signal to tube 8, potentiometer 6 is adjusted to 
provide a Zero signal Output acroSS terminals 2. 
If the input Voltage to tube 8 is varied in a posi 
tive going direction, a corresponding positive 
going variation is experienced across terminals 2. 
However, it is found that the unity gain require 
ment is no longer obtained being due primarily 
to the fact that the Variation in current through 
load resistor 6 controls the effectiveness of the 
input signal. To compensate for this, a feedback 
arrangement comprising tube 2 is provided to 
vary the Screen grid voltage, thereby adjusting 
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4. 
the plate current flow through tube 8, and hence 
compensating for the variation in effective bias. 
To prevent instability in the arrangement 

shown by the single figure, tube 8 is arranged 
as a wide-band amplifier. Tube has a capaci 
tor 22 coupled between its plate and grid elec 
trodes to reduce its bandwith relative to tube 8 
Such that the loop gain-phase shift character 
istic never approaches the oscillatory state. 

Applicant's arrangement provides a stable, 
unity gain coupling arrangement for feeding Sig 
nals between different impedance stages. How 
ever, applicant's arrangement lends itself readily 
to other gain requirements by merely adjusting 
the rate at which the space discharge current of 
tube 8 is to be increased in response to a given 
output current variation thereof. The manner 
in which the feedback signal is derived and used 
to control the Space discharge current may be 
varied in accordance with the particular circuit 
requirements, although the use of a phase in 
verter and coupling device has produced 
Satisfactory results. The point of coupling of 
the load circuit to the cathode load resistance 
Of tube 8 may also be varied to obtain a required 
input to output signal relationship. 
While I have shown only a certain preferred 

embodiment of my invention by Way of illustra 
tion, many modifications will occur to those 
skilled in the art and I therefore wish to have it 
understood that I intend, in the appended claims, 
to cover all such modifications as fall Within the 
true spirit and scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. An arrangement for applying a signal vari 

able over a range of intensities from a high in 
pedance source of a low impedance load compris 
ing an electron discharge device including a cath 
ode, a control grid, a Screen grid, and an anode, 
a source of unidirectional operating potential in 
cluding a positive and a negative terminal, a 
cathode resistance connected between said Cath 
ode and said negative terminal, means for ap 
plying said signal in circuit With said control elec 
trode and said cathode resistance, an anode re 
sistance connected between said anode and Said 
positive terminal, a second electron discharge 
device including an input circuit, the electron 
discharge path of said second device being Cou 
pled across said potential Source and including a 
portion of Said Cathode impedance, means for 
coupling voltage variations across said anode im 
pedance to the input circuit of said second device, 
amplifier means including a portion of said signal 
Coupling means and coupled between the anode 
and the screen electrode of said first device for 
feeding back Voltage to said screen electrode in 
a manner to increase the potential difference be 
tween the cathode and said screen electrode of 
Said first device as said signal voltage increases, 
Whereby the current flow through said cathode 
resistance varies in correspondence with signal 
variations on said first control electrode, and 
means for coupling said low impedance load be 
tween an intermediate point of said cathode re 
sistance and an intermediate point of said source. 

2. An arrangement for supplying a Signal, vari 
able over a range of intensities, from a high im 
pedance Source to a low impedance load compris 
ing a first electron discharge device, a plurality 
of input circuits for said device, a cathode load 
impedance and an anode load impedance, means 
applying Said signal to one of said input circuits, 
a Source of unidirectional voltage, said load im 
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pedances coupling the electron discharge path of 
Said device across Said voltage Source, a Second 
electron discharge device comprising an input 
circuit, means coupling the election discharge 
path of Said second device through a polition of 
said cathode iii pedance across said Voltage 
source, signal coupling means coupled between 
said anode load impedance 2nd the input circuit 
of Said second device, ailplifier means including 
a portion of said signal couping eans and cou 
pled between Said anode load impedance and an 
other input circuit of Said first device for feeding 
back a signal to Said other input circuit of said 
first deVice to coapensate for reduction in effec 
tive less of Said input signal due to electron dis 
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charge current flow through said cathode in 
pedance to an extent to cause Said current fioW 
to vary in correspondence with said signal, and 
raeans for coupling said low impedance load be 
twyee an intern ediate point of Said cathode in 
pedance and at interimediate potential point of 
said source of unidirectional Voltage. 

WILLIAM T. CHAPIN. 
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