
Aug. 13, 1940, F. B. ANDERSON 2,210,997 
FEEDBACK AMPLIFIER CIRCUIT 

Filed Aug. 10, 1937 

A/G 3 ---N G4tv CURwas 

O 20 SO ?o 2O6 500 000 a.o.o. Sooof faculwic 

WMEW7OAR 
A.A.AWARSOW 

R4/3-yea. 
a7WOARWEY 

  

  





4. 

i 

2 
ode networks, such as N, or both N and Na, as 
generally described in the Robertson patent, en 
ables an amplifier to be operated with greater 
feedback and greater improvement in modulation 
and stability in the utilized range by favorably 
affecting both the gain and phase characteristics 
in the neighborhood of the potential singing 
point. 
Applicant has found that a further increase 

in the singing margin of an amplifier can be 
obtained by the simple expedient of connecting 
the suppressor grid of either or both stages 1 or 2 
directly to ground instead of directly to the 
cathode as was done, for example, in Robertson. 
The reason for this improvement appears to be 
that with the connection of the suppressor grid 
to ground the inherent capacity existing between 
the suppressor grid and the anode appears in 
series relation rather than in shunt relation to 
the network circuit N or N2 with respect to the 
internal plate generator of the tube. The ca 
pacity current due to this inherent capacity in 
stead of flowing to the cathode without travers 
ing the cathode network as formerly is now 
caused to return to the cathode through the 
cathode network. 
The manner of connection for accomplishing 

this is to connect suppressor grids 6 and 8 
directly to grounds shown at 7 and 9, these 
grounds being in reality the same grounds as 
shown at 20 and 2. This can conveniently be 
done by using a six-prong pentode in place of the 
usual five-prong pentode and bringing the Sup 
pressor grid connection out through the sixth 
prong directly to ground. 
The improved effect of this manner of Con 

necting the suppressor grid is illustrated in Figs. 
2 and 3 which show curves similar to the portions 
of the curves in the Robertson patent in the vicin 
ity of the potential singing point. 

Referring to Fig. 2, the utilized signal band 
is shown at f and the curve P1 shows the high fre 
quency portion of the pup phase shift of the am 
plifier without either of the networks N1, Na. It 
crosses the zero axis in the neighborhood of 400 
kilocycles, which is marked as a potential sing 
ing point F since under the conditions assumed 
the amplifier has positive up gain at this fre 
quency as will be seen in Fig. 3 (G1). As pointed 
out by Robertson the frequency at which the 
phase shift becomes zero can be raised to some 
value F shown as about 2 megacycles by inclu 
sion of networks N and Na whose insertion phase 
shift characteristics are shown at P2 and P3 re 
spectively, the resultant for the amplifier being 
P4. By using the direct ground connections and 
9 for the screen grids (six-prong tubes) the 
phase curves Pa and P3 are shifted to Pa' and 
Pa" giving a resultant phase characteristic for 
the amplifier of P4' which has a zero value in the 
vicinity of 2.5 megacycles, Fi'. 

Referring to Fig. 3, the high frequency portion 
of the up gain characteristics of the amplifier 
without either network N1, N2 is shown by G1, 
which is seen to have a relatively large positive 
value at the frequency of F and which does not 
fall to zero until about the frequency 2.1 mega 
cycles is reached, this being very close to the point 
F of Fig. 2. Use of networks N and N2 in 
the manner disclosed by Robertson, with their 
gain (loss) characteristics G2 and G3, respec 
tively, lowers the gain characteristic of the total 
amplifier to G4 and gives an improvement in 
singing margin represented by the shift of the 
zero gain value from the frequency of F to a 
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frequency about half a negacycle lower. Use of 
the direct ground connections 7, 9 for the screen 
grids (six-prong tubes) modifies curves G2 and 
G3 to an extent roughly indicated by Ca' and 
Ga' and gives a resultant up gain characteristic 
for the amplifier of G4' which is seen to reach 
Zero value at about a tenth of a megacycle lower 
than the curve G4 for the case of conventional 
five-prong pentodes. 
Comparison of curves P4 and G4 with curves 

P4' and G4' indicates a material improvement in 
singing margin, the phase and gain character 
istics being both modified in a favorable direc 
tion. This additional margin of stability against 
singing becomes important especially in the de 
sign of broad band amplifiers in which the dif 
ficulty of obtaining the required phase charac 
teristic is increased by the necessity for large 
feedback in the useful band. 
What is claimed is: 
1. In am amplifier, a pentode tube, a gain re 

ducing feedback comprising an impedance con 
nected in series in the cathode return for pro 
viding in the amplifier a desired loss and phase 
margin against singing, and means for increas 
ing the margin against singing comprising a cir 
cuit connecting the suppressor grid externally of 
Said tube to a point in said network remote from 
the cathode connection. 

2. In an amplifier, a plurality of stages in tan- ; 
dem each including a pentode tube, a gain re 
ducing feedback around a plurality of said tubes, 
a local gain reducing feedback for One of said 
pentode tubes comprising an impedance common 
to the alternating current grid and plate cir- 3: 
cuits and in series in the cathode return branch, 
and means for improving the high frequency gain 
and phase characteristics of said amplifier com 
prising a circuit connecting the suppressor grid 
of said stage to a point in said impedance net 
Work remote from the cathode terminal. 

3. In an amplifier circuit for amplifying waves 
of a range of frequencies, said amplifier having 
a tendency to sing at Some particular frequency, 
a pentode tube in one stage of said circuit, an 
impedance in the common portion of the grid and 
plate circuits of said pentode for reducing said 
singing tendency and a connection from the sup 
pressor grid to the cathode including said im 
pedance in series for further reducing said sing 
ing tendency. 

4. In an amplifying circuit, a stage compris 
ing a discharge tube having a cathode, an anode, 
a control grid, a Screen grid and a suppressor 
grid, circuits connecting said control grid, anode 
and suppressor grid each to said cathode, said cir 
Cults having a Common portion adjacent the cath 
ode, said amplifying circuit having a tendency 
to sing when operated above a certain value of 
gain, and means to reduce such singing tendency 
Comprising an impedance included in said com 
mon portion of said circuits. 

5. In an amplifier circuit for amplifying waves 
of a band of frequencies, said amplifier having 
a tendency to sing at some particular frequency 
Outside said band, a pentode tube in one stage 
of Said circuit having its cathode connected to 
ground through an impedance network common 
to the anode circuit and control grid circuit of 
said tube whereby a negative feedback is pro 
duced tending to modify the gain and phase char 
acteristics of the amplifier at its potential singing 
frequency and reduce the singing tendency, and 
means for still further modifying said gain and 
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phase characteristics in the direction to reducers 
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singing tendency comprising a connection of low anode and grid-cathode circuits of said pentode 
impedance from the suppressor grid to ground. tube for preventing singing at a frequency above 

6. The combination with a broad band ampli- the band at which a singing tendency exists, of 
fler comprising in one stage a pentode tube, said means for further opposing such singing tendency 
amplifier having a negative feedback path from comprising a circuit connection for directly is 
its output to its input for feeding back waves grounding the suppressor grid of said pentode . 
in such phase as to reduce the gain in the useful tube. 
frequency band, and an impedance between the ROF BANDERSON. 
cathode and ground and common to the cathoden 


