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"OPERATION CHARACTERISTICS OF THE TYPE 6L7" 

The 6L7 pentagrid mixer, because of its numerous elect- 

rodes and thelr control action, 1s a versatile tube and may 

be used in many types of radio and audlo frequency circuits. 

Although designed for mixer operation, it may be used as a 

radio frequency amplifier having advantage over convention- 

al pentodes, or as an audio amplifier with fixed or variable 

blas. The control action of the No. 3 grid enables the 

tube to be used as a controlled audlo amplifier tube. This 

feature can be used to advantage to improve the overall A.V.C. 

curve of a receiver or to effect some special function as 

volume expansion. This bulletin shows typlcal operation cf 

the tube as a mixer, and characteristic curves that will be 

helpful in the design of other circuits. 

Though concerned mainly with the characteristics of the 

6L7 when used 1n conventional mlxer circuits, it is not out 

of place to mention the advantages of thls type of mixer over 

converter operation with the pentagrid types or operation of 

suppressor-modulated pentode mixers. 

The 6L7 construction incorporates a cathode, five grids, 

and a plate. The functions of the grids in mixer operation 

are as follows. The No. 1 grid is the signal-input grid. The 
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No. 2 grid and the No. 4 grid are screen grids to shield the 

oscillator (No. 3) grid from the input circult and to raise 

the effective plate resistance of the tube. The No. 3 grid 

is the oscillator-input grid and the No. 5 grid is a suppress- 

or. The 6L7 construction minimizes the space charge coupling 

between oscillator input and signal input grids and results in 

a mixer tube having satisfactory conversion gain even at high 

frequencies. This space charge coupling is one of the in- 

herent shortcomings of the pentagrid mixer tubes. The 

suppressor modulated pentode minimizes this space-charge 

coupling but it has the disadvantage of a low internal imped- 

ance and requires a large oscillator swing for a satisfactory 

conversion conductance. The high oscillator voltage required 

causes difficulty in oscillator design, especially at high 

frequencies. The high internal impedance of the 6L7 1is also 

of advantage in recelvers having high-gain intermediate fre- 

quency systems. 

The 6L7 has a high input capacity to its osclillator grid, 

and in receivers requlring a wide tuning range, the oscillator 

constants must be designed to minimize the effect of this 

capacity. An oscillator coll with the 6L7 No. 3 grid con- 

nected across only a portion of the total inductance reduces 

the effective capacity and results in a wider frequency cover- 

age. Two families of curves, showlng conversion conductance 

versus oscillator grid current, taken with a tapped coil, are 



KEN-RAD- CEB 36 - 6 Page Three 

included in this bulletin. 

Ratings for amplifier and mixer operation are shown on 

page 8 « As a radlo frequency amplifier the tube operates 

with -3 volts on the No. 1 and NRo. 3 grids, 100 volts on the 

screen, and 250 volts on the plate. Performance as an am- 

plifier is similar to conventional R.F. pentodes but this 

tube may be controlled in a manner to improve the A.V.C. 

characteristic of a receiver. This 1s accomplished by ap- 

plying A.V.C. voltage to both No. 1 and No. 3 grids. A curve 

showing transconductance from grid No. 1 to plate versus grid 

No. 1 volts for several values of grid No. 3 volts 1s shown 

on page 9 . The curve taken with grid No. 3 equal to -3 

volts 1s similar to most remote cut-off R.F. pentodes and in- 

dicates that with a fixed bias of -3 volts on the No. 3 grid 

more than 30 volts negative is required on the No. 1 grid to 

reduce the transconductance below 10 micromhos. If both 

grid No. 3 and grid No. 1 are A.V.C. controlled the effect 

is a sharp cut-off with actual operation over a remote cut-off 

curve. For example, with the potential of grid No. 1 and grid 

No. 3 both equal to -15 volts the transconductance is 4.6 

micromhos. The operating line is the solid curve marked 

Ecy = -15. It can be seen that large signal amplitude 

may be applied with 1little resulting distortion. 

There are two ratings for mixer operation. One condition 
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is with a No. 1 grid voltage of -3, and a screen voltage 

of 100. The other condition is with a No. 1 grid voltage 

of -6 and a screen grid voltage of 150. These two ratings 

are necessary because of an unusual phenomenon that takes 

place at high frequencies with the low voltage rating. With 

the low bias at high frequencies the No. 1 grid draws current 

in spite of its negative potential. This is the result of 

a relation between the time of the electron travel between 

cathode and No. 3 grid and the frequency at which the po- 

tential of the No. 3 grid is fluctuating. At these high 

frequencies electrons approaching the No. 3 grid are re- 

pelled on negative swings of the grid and fall back to the 

No. 1 grid and cause a current to flow in the external cir- 

cuit. A negative bias of -6 volts 1s required to over- 

come this effect. With the additional blas the screen po- 

tential must be increased to 150 volts to ralse the con- 

version conductance to a value comparable to the low voltage 

condition. The 150 volt rating 1s recommended for all-wave 

recelvers and the 100 volt rating for use only at broadcast 

frequencies. 

On page 10 are curves of conversion conductance versus os- 

cillator-grid bias for several values of oscillator grid 

swing. A family of curves is shown for both mixer ratings. 

With these curves performance of the 6L7 can be predicted. 

Although for the same oseillator swing the 100 volt rating 
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glves the highest conversion conductance, the curves for 

the 150 volt rating show less variation and would give 

more uniform performance. In all-wave sets, where a wide 

tuning range is employed and oscillator design 1is difficult, 

this 1s an advantage. 

On page 11 are two families of curves showlng variation 

of conversion conductance versus oscillator-grid (No. 3) 

current with the oscillator voltage capacity coupled to the 

No. 3 grid. Curves are shown for several values of resist- 

ance in the grid return and indicate that a grid resistor of 

the order of 50,000 ohms gives the maximum conversion con- 

ductance. These curves are shown versus grid current be- 

cause it 1s believed that in most cases it is more convenlent 

to measure a D.C. grid current than an R.F. voltage. The 

circuit shown indicates the tube conditions. With the aid 

of these curves 6L7 performance in a simllar set-up can be 

predicted simply by measuring grid current. 

Another form of oscillator coupling i1s the direct-coupled 

circuit shown on page 12 . The oscillator 1s the convent- 

ional feed-back oscillator utilizing a @&C5. A variable- 

coupled oscillator coil was used so that several values of 

osclllator grid current could be produced. The curves on 

this page show variation of conversion conductance and are 

also plotted with a D.C. current as the independent variable. 
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In this case the osclllator-grid (No. 1) current of the 

6C5 was measured. Curves are shown for three values of 

oscillator grid leak (Rgr) for both 6L7 mixer conditions. 

Oscillator and mixer performance can be checked with these 

data. 

The operation characteristics of a system having a wide 

tuning range are shown by the direct-coupled curves of 

page 13. They were taken with a modified electron-coupled 

oscillator. The tuning range is increased by minimizing the 

effect of the oscillator input capacity by tapping down on 

the oscillator coil. Conversion conductance versus oscill- 

ator-grid (No. 1) current of the 6J7 is plotted for several 

different taps on the oscillator coil. The curves are 

labelled indicating percent of total turns included between 

tap and ground. 

The oscillator shown is not a true electron-coupled os- 

cillator, but it could be converted into one by using in- 

dividual screen and plate resistors. The ratio of screen 

to plate voltage then could be adjusted so that the fre- 

quency would be practically independent of terminal voltage. 

The modified circuit shown 1s usually satisfactory and was 

used for these curves. This type of oscillator is inherently 

more stable than conventional feed-back oscillators. With the 

coll used for these measurements a change of tuning capacity 
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from 50 to 1500 micromicrofarads produced only a slight 

change 1in oscillator grid current. Oscillators of this 

type can be recommended for all-wave recelvers because of 

their wide tuning range, their inherent stability, and the 

simplicity of coll switching design resulting from only two 

leads not being connected directly to ground. 

The curve sheets of pages 14, 15, and 16 show several 

characteristic curves of the 6L7. These curves are self- 

explanatory and should be of much help in the design of 

other circuits utilizing the 6L7. 

I I3 ISEOEEE60¢ 
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MC 2 

RATING AND CHARACTIRERISTICS 

Physical Characteristics: 

Heater: 
Voltage 6.3 Volts AC or DC 
Current 0.3 Ampere 

Note: Voltage between heater and cathode should be 
kept at a minimum i1f direct connection is not possible- 

MIXER OPERATION 

Plate Voltage 250 250 Max. ** Volts 
Screen Voltage (Grids No. 2 and 4) 100 150 Max. *% Volts 
Signal-Grid Voltage (Grid No. 1) -3 -6 Min. *% Volts 

#0scillator-Grid Voltage EGrid No. 3) -10 -15 Volts 
Peak Oscillator Voltage (Applied to Grid No. 3) 12 18 Volts Min. 
Plate Current 2.4 3.3 Milliamperes 
Screen Current 6.2 8.3 Milliamperes 
Plate Resistance 1.0 1.0 Megohm or greater 
Conversion Conductance 350 350 Micromhos 
Signal-Grid Voltage (Grid No.l) 

For Conversion Conductance of 5 Micromhos -30 -45 Volts 

#D,C. ecircuit resistance of Grid No. 3 must not exceed 50,000 ohms. 
#*Values recommended for all-wave receivers. 

AMPLIFIER OPERATION 

Plate Voltage 250 Volts Max. 
Screen Voltage (Grids No. 2 and 4) 100 Volts Max. 
Control Grid Voltage (Grid No. 1 -3 Volts Min. 
Control Grid Voltage (Grid No. 3 -3 Volts Min. 
Plate Current 5.3 Milliamperes 
Screen Current 5.5 Milliamperes 
Plate Resistance 800,000 Ohms 
Mutual Conductance 1100 Micromhos 

N -15 Volts on Grid No. 1 Mutual Conductance E—ls Volts on Grid No. 5; 5 Micromhos 

Amplification Factor 880 

Direct Interelectrode Capacitances: (With shell tied to cathode.) 

Grid No. 1 to Plate . 0005 upf. Max. 
Grid No. 3 to Plate .25 ppf. 
Grid No. 1 to Grid No. 3 .12 puf. 
Grid No. 1 to all other electrodes 8.5 ppf. 
Grid No. 3 to all other electrodes 11.5 ppuf. 
Plate to all other electrodes 12.5 puf. 
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[ OPERATION CHARACTERISTICS 
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b PLATE CURRENT VS PLATE VOLTAGE 
Ef = 6.3 Volts 
Ee, = O Volts 

Ecp_4 = 100 Volts 
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