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INTRODUCT ION 

A simple and direct laboratory method for determining 

the static characteristics of power output electron tubes 

when the grids are driven positive has been desired for 

some time. Although tube manufacturers have rather elabo- 

rate equipment for this purpose, there is a need for a 

relatively simple and direct laboratory method for deter- 

mining these characteristics for small and medium power 

output tubes. 

when an electron tube is operated as a radio- 

frequency power output tube, the grid is usually driven 

positive for a portion of the cycle. The ordinary direct- 

current methods for determining the static characteristics 

of a tube with positive grid cannot be used. because large 

grid and plate currents would flow and the dissipation may 

be greater than the sate value, which could damage the 

electrodes of the tube. If the voltage applied to the 

grid of the tube is a pulse of positive voltage, which has 

a relatively long quiescent time with respect to the dura- 

tion of the pulse and recurs at a given frequency, the 

grid of the tube can be driven positive without resulting 

in excessive dissipation and measurements can be made. 

The Institute of Radio Engineers in its standards on 

Electron Tubes describes, in general, pulse methods for 

determining positive grid characteristics. The details of 



designing the necessary apparatus to produce the pulse and 

the indicating devices to measure the pulse are not given. 

However, the Standards did provide a basis for this inves- 

t i ge t ion. 
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TEEORY 

When a positive voltage is applied to the grid ot ari 

electron tube, the repelling effect of the space charge on 

the eleotrons is partially neutralized. The grid reoeives 

electrons as though lt were the plate of a diode. Grid 

current will then flow from grid to oathode. The amount 

of' grid current tor a given tube will depend upon the 

plate and grid voltage applied to the tube. This current 

may be the same order of magnitude as the plate current 

for typical operating conditions. It a large grid current 

is permitted to flow, the dissipation in the tube will be 

excessive. Even 1f power is applied just long enough to 

record conventional meter readings, the tube could easily 

be damaged. By applying short pulses of positive voltage 

to the grid1 the dissipation can be reduced to a safe 

value. Therefore, in order to determine the static char- 

acteristics of a tube in the positive region, short pulses 

must be used and nieasurements must be made by a suitable 

indicating device such as a cathode-ray oscilloscope. 

The ideal shape of the positive grid voltage pulse Is 

rectangular. However, the important portion of the pulse 

is the top, which should be as flat as possible, in order 

to maintain a constant magnitude for accuracy in measure- 

monts. 

There are several circuits that can be used to 
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produce a pulse of the correct wave form and magnitude, 

such as a synchronous mechanical contactor, a gas-tube 

relaxation oscillator, a multivibrator, or a blocking 

oscillator. The latter was chosen as the basic unit for 

the pulse circuit for no other reason than that it appear- 

ed interesting. 

Basically a blocking oscillator is a transformer 

coupled feed-back oscillator. However, the circuit 

arrangement and constants are such that operation is in- 

termittent, and the output consists of somewhat sinusoidal 

pulses, instead of having a continuous sinusoidal wave 

shape. The operation of the oscillator can be explained 

as 

When plate voltage is applied to the circuit as shown 

in Figure 1, current flows from plate to oathoe. The 

current will flow through the plate winding of the trans- 

former causing a voltage to be Induced in the grid wind- 

ing. The polarity of this induced voltage is such that 

the grid is driven positive. Vfhen the grid is positive, 
the plato current through the tube increases. Also, grid 

current starts to flow and because of this, the magnitude 

of the grid to cathode impedance decreases to approxi- 

mately several hundred obms. The increasing plato current 

causes a further inorease in the induced voltage which 

drives the grid more positive. The plate current again is 



increased. This process continues until the tube reaches 

current saturation, and no further plate current increase 

can occur. 

As the plate current increases, as just explained, 

the grid Is driven positive and the capacitor C is 

charged, largely through the grid circuit of the tube. 

When the tube reaches saturation, the current through the 

plate winding cannot increase. Therefore, there is no 

induced voltage in the grid winding of the transformer. 

Capacitor C starts to discharge through R, which places a 

negative voltage on the id. This reduces the current 

through the tube and plate winding of the transformer. 

The decreasing plate current induces a voltage in the grid 

winding which increases the negative voltage on the grid 

until the tube reaches cut-off and plate current ceases to 

flow. The action just explained causes a positive end a 

negative pulso of plate voltage and current, the shape of 

which resemble, somewhat, one cycle of a sinusoidal alter- 

nating wave. Capacitor C discharges slowly through R un- 

til the grid is no longer beyond out-oft. Then plate cur- 

rent starts to flow and the cycle of operation just de- 

scribed repeats itself. 



Figure 1 

Because the transformer Is one of the main components 

of the circuit, its characteristics are important. For a 

blocking oscillator In the audio-frequency range the 

transformer should be wound on a core which has a high 

permeability so that the coupling in the feedback circuit 

Is made as high as possible. This higher permeability al- 

so permits fewer turns for a given inductance and thereby 

minimizes distributed capacitance. The coils should be 

wound as close together as possible in order to reduce 

leakage inductance. It should also have sufficient high 

and low frequency response. The ratio of transformation 

should be one to one or a slight stepdown for maximum 

pulse width because more turns In the plate winding can 

be used, which increases the inductance and lowers the 

magnetizing current. 

The frequency of the blocking oscillator is governed 

principally by the inductance of the transformer and the 



7 

grid capaoltor C. The time oonstant of the decay of the 

grid voltae is a complicated funotion of the lriduotanoe 

of the transformer arid the combined impedances of the 

plate, grid1 and load. ith a given transformer, the du- 

ration of the pulse and the quiescent time can be varied 

by changing one of the circuit constants, such as the 

grid, resistor R or the grid capacitor. It the grid capac- 

itor C is made large, then the duration of the pulse is 

proportional to the ratio of the Inductance and resist- 

ance. 

Figure 2 

Because the load in the output circuit of the pulse 

transformer affects the shape of the pulse from the block- 

ing oscillator, an isolating stage, or a buffer amplifier, 

must be connected to the output of the transformer. It 

is essentially a triode that Is biased past cut-ott, as 

shown in Figure 2, so that the positive peaks of the pulse 



from the blocking oscillator will not drive the grid posi- 

tive. The amplifier will not draw grid current and. hnco 

the load in the output circuit of the blocking oscillator 
will be constant. Figure 2 i1lust2ates how the output 

voltage decreases across the load resistanoe as the cur- 

rent Increases. 

1b /fl eb/ e 

41m 
Figure 3 

The shape of the pulse from the buffer amplifier Is 

not rectangular so a clipping, or squaring, circuit must 

be usede ThIS Is a triode with a resistor between cathode 

and ground. With this arrangement, the circuit has in- 

verse feedback, which Improves the wave shape of the out- 

put voltage pulse. The circuit clips off the voltage 

spike" in the pulse from the buffer amplifier, resulting 

in the desired rectangular pulse in the plate circuit. 
The output voltage pulse is positive because as the cur- 

rent (lb) decreases, the voltage (eb) increases across 

the load. resistance as shown in Figure 3. The magnitude 



of this pulse is usually small if receiving type tubes are 

used in the pulse cirouit. A wide range in magnitude of 

the positivo pulse is desired; therefore, the pulse can be 

made to trigger a switching tube which is connected across 

a variable high-voltage direct-current power supply. The 

pulse of a given magnitude will be applied to the grid of 

the tube under test according to the repetition rato of 

the pulse generator or the blocking oscillator. 
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D1IGN OF PULSE DNIT 

Figure 4 shows the schematic drawing of the pulse 

circuit, switching tube, and the triode under test. The 

blocking oscillator is a 6P5 triode with a free-running 

frequenoy of 444 oyoles per second. The 6.2 thousand ohm 

resistor in the cathode is to eliminate over-shoot in the 

voltage wave forms. The value was determined axperirnen- 

tally. The transformer is a Thordarson No. 6372, Class B, 

output, with one winding shunted by a i megohm resistor 
which nullifies any effect that the extra winding might 

have on the blocking oscillator. Figures 5 and 6 show the 

grid and plate voltage wave forms respectively, which are 

180 degrees out of phase. The peak value of the output 

pulse is 131 volts. 
The wave form from the output of the blocking osoll- 

lator is applied to the grid of the buffer amplifier 

through a resistanoo-oapaoitance (R-C) coupling network 

resulting in an output voltage wave form, as shown in Fig- 

uro 7, having a magnitude of 118 volts. This stage passes 

current for only a portion of the positive half-cycle of 

the Input pulse which results in a negative voltage pulse 

because of the 180 degree phase shift introduced by the 
amplifier. This negative voltage pulse is then fed to the 

clipping stage through another R-C network. Current flows 

for only a small portion of the pulse. The sharp peak In 
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Figure 5. Wave shape of voltage from grid to cath- 
ode of blocking oscillator. 

Figure 6. Output wave shape of voltage from block- 
ing oscillator. 
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Figure 7. Output wave shape of voltage from buf- 
fer amplifier. 

Figure 8. Output wave shape of voltage from clip- 
ping circuit. 
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the input pulse is clipped off and the voltage pulse is 

squared and shifted 180 degrees so that it is a reotangu- 

lar positive voltage pulse in the plate circuit having a 

magnitude of 55 volts as shown in Figure 8. 

The coupling between the clipping ciroult and the 

switching tubes consists of a 1.0 miorofarad capacitor and 

a i megohm resistor. The capacitance and the resistance 

were made large so as not to affect the wave shape of the 

pulse. This pulse controls the conduction period of the 

switching tubes which are two 6L6's connected in parallel. 

In the original design only one 6L6 was used, but this did 

not prove satisfactory because of the large voltage drop 

across the tube. A second 6L6 was connected in parallel 

to reduce this voltage drop. The screen grid of each tube 

was oonneoted to the plate, resulting in the tubes oper- 

sting as triodes. In the absence of a pulse, the negative 

45 volt bias applied to the grids of the tubes will not 

allow plato current to flow until the applied plate volt- 

age is greater than 300 volts, the rated value of the 

tube. The magnitude of the pulse applied to the grid of 

the tube under test will be equal to the 6L6 power-supply 

voltage minus the voltage drop across these switching 

tubes. Two of these voltage pulses are shown in Figure 9. 

The time between pulses is 2250 microseconds, with.a dura- 

tion of 48.5 and 80 microseconds at the top and bottom of 

the pulse respectively. 
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FIgure 9. Output wave shape of voltage from 
switching tubes. 

Figure 10. Wave shape of voltage from grid to 
cathode of tube under test. 
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As shown in the circuit diagram, Figure 4, the indi- 

cator is a cathode-ray oscilloscope which is a Tektronix 

Model 511-i. The external calibration voltage is ob- 

tained from a 115 volt 60 cycle source througui a unity 

ratio isolating transformer arrangement. The output of 

this transformer was shunted by a. voltage divider, thereby 

giving a variable 60 cycle calibration voltage. 
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EJ1ERIMENTAL PRO 0DURE 

Before the circuit was put into operat1on the direct 

current resistance of the 100 ohm resistor between grid 

and cathode was measured. Also, the resistance of the 100 

ohm resistor between the negative terminal of the power 

supply and cathode was measured. This was to determine it 

temperature affected the resistance values. 

Plate voltages were then applied to the pulse circuit 

and to the tube under test. For the first run a voltage 

of 100 volts was applied to the plate of the 'tube under 

test. Next, the pulse voltage on the grid of the tube 

under test was adjusted to 20 volts in the following man- 

ner. 

The plate voltage applied to the 6L6's was set at a 

low value. With the selector switch in position one, the 

vertical deflection plates of the oscilloscope were placed 

between grid and cathode. The magnitude of the pulse was 

adjusted by the vertical amplitude attenuator on the 

oscilloscope until it was a convenient number of centi- 

meters in height, about 2 centimeters. To determine the 

magnitude of this pulse the selector switch was then set 

on position two, placing the oscilloscope across the 60 

cycle calibrating voltage. This voltage was adjusted by 

means of a voltage divider shunted across the output of 

the isolation transformer until this voltage was deflected 



4 centimeters, or twice the magnitude of the unknown pulse. 

The reading of the vaouuxn-tube voltmeter equalled 0.70? of 

the maximum valuo or sine wave whose peak tnagriltude 

equalled the height of the unknown pulse. To convert this 
reading to the peak value, the readlri was multiplied by 

1.414. Usually the first adjustnierit of the grid voltage is 
not a multiplo of ten; that is, 20, 40, 60, etc.; there- 

fore, lt is desirable to vary the plato supply voltage on 

the platos of the 6L6's to obtain the desired value. il- 
though a multiple of ten is commonly used, this is not 

essential and any value can be used. However, static ohar- 

aoterlstio curves are usually plotted for arid voltages 

which are multiples of ten, hence this procedure was fol- 
lowed In the experimental investigations. 

The synchronizing frequency in the oscilloscope was 

adjusted so that a single pulse was used for ease in meas- 

urement, as shown in Figure 10. 

To determine the grid current of the tube under test 
for these conditions of grid and applied plate voltage, 

the selector switch was set on position three. This 

placed the oscilloscope across the 100 ohm resistor be- 

tween grid and cathode, The same calibrating procedure 

was followed as for determining the grid voltage. The 

grid current was then found by dividing the voltage drop 

by 100 ohms. The wave shape of this voltage drop is shown 
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in Figure 11. 

The selector switch was then set to position five, 

placing the oscilloscope across the loo ohm resistor be- 

tween the negative terminal of the power supply and cath- 

ode. The magnitude of the pulse was determined by the 

seme method as before. The actual plate voltage on the 

tubo was then equal to the difference between the plate- 

supply voltage and the voltage drop across the resistor. 

The plate current was calculated by dividing the voltage 

drop by 100 ohms. A single pulse was used for this meas- 

urement as in the preceding method and is shown in Figure 

12. 

The results obtained from this particular run deter- 

mined the grid current and plate current for a given value 

of grid and plate voltage. This procedure was then re- 

peated for various values of grid voltage in 20 volt steps 

and for various values of plate voltage in 100 volt steps. 

The maximum grid voltage was limited to 100 volts because 

this approached the limit of normal operation. 

After each complete run the direct current resistance 

of each 100 ohm resistor was measured by the bridge for 

determining any effects of temperature. 

Figures 13 and 14 show the pulse ciroult, and asso- 

ciated apparatus, with a type 809 triode In position for 

test. 
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Figure 11. Wave shape of voltage across 100 ohm 
resistor in the grid circuit of the tube under 
test. 

Figure 12. Wave shape of voltage across 100 ohm 
resistor in the plate circuit of the tube under 
test. 



Figure 13. Pulse circuit, tube under test, and 

associated equipment. 

Figure 14. Pulse circuit and tube under test. 
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RESULTS 

Figure 15 Is a graph of the static characteristics 
of a type 809 triode tube obtained from the experimental 

data. The curves plotted for negative values of grid 

voltage were obtained by the usual direot-eurrent method. 

The pulse method was not required because the grid did not 

go positive and dissipation was negligible. 

To doternine the accuracy of the pulse method, an- 

other complete run was made on the tube. The results 
showed tha.t the difference in the measured values of volt- 

age and current was about two per cent. 

To study the variation in the characteristics for 

different tubos of the same type, a oomplete run was made 

on another typo 809 tube. Although the data are not given 

in this paper, the difference in the characteristics was 

approximately three per cent. Because each individual 

tube bas slightly different operating characteristics, 
this is to be expected. 
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DISCUSSION OF RULTS 

The static oliaracteristlo curYe8 obtained experinien- 

tally did not agree exactly with those curves for an aver- 

ae tube shown in the Transmitting Tube Handbook ot the 

Radio Corporation of Amerlos. One Important reason for 

this Is thet each tube of the seme type will very in oper- 

ating characteristics. ku average difference in values of 

less than five per cent was observed. This is to be ex- 

peoted. A difference as high as ten per cent might be ex- 

peoted. 

It was found that temperature effects were neglii- 
ble. The direct-current resistance of each 100 obm re- 
sistor was measured at the end of each run and there was 

no noticeable change In resistance. 
Although not shown in the circuit diagram, Figuro 2, 

provision has been made for testing tetrode electron 

tubes. The procedure would be the same as that for a tri- 

ode, except screen-voltage would have to be supplied. 

The power sup plies for the various stages were unreg- 

ulated except the plate supply for the pulse circuit. 
This was a 150 volt regulated supply to reduce the effects 

of plate voltage variations on the circuit. 

Grounding the center tap of the filament transformer 

reduced the effects of 60 cycle induction from the power 

supplies and other sources. 
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ETC0MMENDATI0NS 

The following recommendations are suggested to im- 

prove the operation and accuracy of this method: 

1. Regulating all plate-voltage supplies to eliminate 

effects of plate-voltage supply variations. This will 

aleo reduce the possibility of 60 cycle induction. 

2. With an oscilloscope having greater gain it would be 

possible to decrease the magnitude of the 100 ohm re- 

sistors to lower values. This would reduce the tend- 

enoy of the resistors to heat. 

3. Increasing the frequency of the calibrating voltage to 

the frequency of the blocking oscillator so that sepa- 

rate time bases would not have to be used. 

4. Inserting the calibrating voltage while the unknown 

pulse is applied to the oscilloscope to reduce the 

number of switching steps. 

5. Increasing the voltage output of the pulso circuit and 

making this output variable, so the switching tubes 

and corresponding power supply could be eliminated. 
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CONCLUS IONS 

This investigation has led to the following conclu- 

siens: 

1. Statio characteristic curvos for power tubes operating 

In the positive grid region can be determined without 

danger of damage to the tube by the relatively simple 

method described in this paper. 

2. The experimental data were satisfactory and reliable, 

and agreed within reasonable limits with average data 

for average tubes given by the manufaoturer. 

3. The blocking oscillator and associated stages, such as 

the buffer, amplifier, and clipper, produced a satis- 
factory wave form of voltages for the required pulse. 

4. Although a Tektronix oscilloscope was used as the 

indicating device, a less expensive oscilloscope with 

a graduated screen would serve as well. 

5. The magnitude of a single voltage pulse was easier to 

measure than that of a large number of pulses. 
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TYPE 809 TRIODE 

Positive Grid Region 

E0 ERl ER2 
meter E0 i meter .E X meter ER2 X 

Ebb reading 1.414 reading 1.414 readIng 1.414 Ebb-ERE 1g 1p 
volts volts volts volts volts volts volts volts ma. rua. 

100 14.1 20 1.1 1.53 3.7 524 95 15.5 50.8 
200 14.1 20 .9 1.28 5.0 5.86 194 12.8 68.6 
300 14.1 20 .9 1.28 60 8.5 292 128 82.5 
400 14.1 20 .9 1.28 6.5 9.2 391 12.8 89 
500 14.1 20 .9 1.28 6.? 9.5 490 12.8 92 
600 14.1 20 .9 1.28 7.3 10.3 590 12.8 100 
700 14.1 20 .9 128 9.5 10.6 689 12.8 103 
800 14.1 20 .9 1.28 7.8 11 789 12.8 10? 
900 14.1 20 .9 1.28 8.4 11.9 888 12.8 115 

1000 14.1 20 .9 1.28 11 15.5 985 12.8 124 

100 28.3 40 2.52 3.56 12 17 88 35.6 165 
200 28.3 40 2.23 3.15 13 18.4 182 31.5 179 
300 28.3 40 1.97 2.78 14.4 20.3 280 27.6 197 
400 28.3 40 1.9? 2.78 15.9 22.5 378 278 218 
500 28.3 40 1.97 2.78 16 22.7 4?? 27.8 220 
600 28.3 40 1.9? 2.78 18 25.4 574 27.6 246 
700 28.3 40 1.97 2.78 19 26.9 677 27.8 261 
800 28.3 40 1.97 2.78 20 28.3 772 27.8 275 
900 28.3 40 1.97 2.78 20.5 29 871 27.8 282 

1000 28.3 40 1.97 2.78 21 29.8 971 27.8 290 



E0 ERi 
meter z meter 
reading 1.414 reading 

volts volta Volts volts 

100 42.3 60 4.8 
200 42.3 60 4.2 
300 42.3 60 3.6 
400 42.3 60 3.6 
500 42.3 60 3.6 
600 42.3 60 3.6 
700 42.3 80 3.6 
800 42.3 60 3.6 

100 56.5 80 8.1 
200 56.5 80 6.6 
300 56.5 80 5.6 
400 56.5 80 5.3 
500 565 80 5 

200 71 100 12 
300 71 100 8.6 
400 71 100 8 
500 71 lOO 6.6 

ER, 
ERl z meier ER2 X 
1.14 reading 1.414 
volts volts volts 

6.8 17 24 
5.95 19 26.9 
5.1 22 31 
5.1 24.5 34.7 
5.1 27.6 39 
5.1 29 41 
5.1 32 45.3 
5.1 36 51 

11.5 24 
9.3 32 45.3 
7.9 35 49.5 
7.5 37 52.5 
7.1 39 55 

17 43 61 
12.2 47 66.5 
11.3 50 71 
9.3 53 74.2 

Eb-ER2 1g 'p 
voLts ma. ma. 

75 88 234 
174 59. 282 
269 51 300 
365 51 337 
461 51 378 
559 51 398 
655 51 440 
749 51 495 

66 115 319 
155 53 440 
250 79 480 
347.5 75 510 
445 71 535 

139 10 590 
234 122 640 
329 113 680 
426 93 710 
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TYPE 809 TRIODE 

Negative Grid Region 

E0 E 
volts völta ma. 

0 100 4.5 
o 200 8.4 
0 300 13.2 
o 400 19.5 
o 500 25 
o 600 30 
o 700 37.5 
0 800 45 
0 900 55 
0 1000 65 

-5 100 0 
-5 200 .8 
-5 300 2.4 
-5 400 5.5 
-5 500 9.8 
-5 600 15 
-5 700 21 
-5 800 25 

900 32 
-5 1000 38 

100 0 
10 200 0 

'.10 300 0 
-10 400 .5 
-10 500 1.2 
-10 600 3.1 
-10 700 6.5 
-10 800 11 
-10 900 16 
-10 1000 22 


