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UPERATION OF THE G68B7-Y

the basic requirements for freguency conversion in a receiver
operating in the 88 - to -~ 108-megacyocle frequency-modulation band can be
eatisfied with tubes of conventional design, The pentagrid-converter type
of tube, with osclllator voltage developed at the No. 1 grid, is adapt-
able to operation in this frequency renge, snd thia type hes the adventage
of high iaput impedance at the signal grid, High oscillator transconduc-
tanoce is desirable for the development of a stable oscillator, and high
conversion transconductsnce is adventageous, particularly because oircuit
impedances tend %o be low in this frequenocy bsnd, For metal tubes, the
use of @ mica=filled phenolic base tends to reduce the drift in oscillator
frequency during the warming-up period. fThese features are also desirable
at lower frequencies; for exsmple, an inorease in conversion transconduc-~
tance results in inoreamsed gain and improved signal-to-noise ratio in the
standard broadoast band, fhe 6SB7-Y is a pentagrid converter tube having
the features mentioned abdove.

Desoription of the 65B7-Y

In its struoture and basing, the 8SE7=Y is similar %o the welle
known 6SA7. It ie a single-ended %tube, housed in @ metal envelope, The
arrangement of elements ies shown in Fig, 1. The 6SB7~Y hes a formed
No. 1 grid which resulte in a very efficient utilization of the cathode
area, The spacing between grids No. g end No. 4 is somewhat less than
for the 6SA7. The Wo. g grid (eignal grid) side rods and the chennels
attached to the No, 2 grid serve, as in the 65A7, to reduce the effect of
No. s grid voltage on the cathode current. As with the 68A7, s Hartley~
type oscillator olrouit is generally used in which the oathode is connece
ted to a tap on the oscillator coil. Typicel operating conditions and -
ratings for the 68B7-Y are given in Table I,

The menner in whioh conversion transconductencs, plate current,
soreen ocurrent, and cathode current vary with oseillator grid current
when the oscillator voltage ie applied from a seperate source is shown
in Fig. 2. fthe cathode-current curve closely approximates the ourve which
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would be obteined with self-sxcitation but, in general, the plate cur-

ront is lower end the soreen ocurrent is higher when self-excitation is
uged., The cathode current reaches 22 millismperes, the maximum rated
velue, when the grid ourrent drops to 90 microamperes. This value of grid
ourrent epplies when the grid reslstor is 20,000 ohmss the developed do vol-
tage 18 1.8 volts.

The ocurves of Fig. s show how the conversion transconductance
various with the control-grid (No. 3) voltage. The initial slope is high
beocause the §8B7-Y has a higher ratio of conversion transconductance to
plate current then most other converter tubes. This higher ratio ig de-
sirable for obtaining low noise, but it results, necessarily, in a steeper
elope to the curve of conversion transconductance versus biass, Inspec~
tion of the ocurves of Fig. % show that a conversion transconductance as
low as 2.5 micromhos is resched with epproximately 20-volte negative bias.
Whon the 65B7-~Y is used with @ 65K7 if tube, the gain reduction of the
converter will be oconsiderably more than that for the if tube at a given
bias, This condition is undesirable, but it can be avoided by erranging
the circuit so that less ave voltage ie epplied to the converter tube then
to the if tube. Vhen the 68B7-Y is used with one or more 65SC7 tubes, the
balsnce between their outoff characteristios ie practically the sewe as
the balance between cutoff characteristics of a 88A7 converter used with
88K7 1if tubes.

Oscillator Considerations

The ocurves of Fig, 4 show how the conversion transconductance varies
with ocathode voltage and oscillator grid current. In the design of osoll~
letor oircults for use with the 6SB7-Y, emphasis must be placed on opera-
tion with low voltage et the cathode. This method of operation results
in very low power output from the oscillator, since the power developed
is the product of the RuS values of the oscillator-frequency components
of cathode voltage end cathode current. The oscillator-frequency component
of cathode current will have an RuS value of approximately 17 milliemperes
as determined from the do velue under conditions of substantially complete
modulation; hence, when the cathode voltage 1s 0.8 volts RS the oscile
lator power output is epproximately 14 milliwatts.

. The voltage at the oscillator grid must be such thet the power
abeorbed by the grid, grid resistor, and cirouit is equal to the power
delivered from the cathode. Consequently, the grid voltage doveloped with
. @ given ocathode voltage depends on the resocnant impedence of the grid
eirouit. With the recommended gride-resistor walue of 20,000 ohms, the
grid voltage developed in the stendard broadcast band for a ocathode voltage
of 0.8 volts is suffiolent to produce a rectified grid ourrent of approxi~-
mately 0,36 millismpere. When the oirouit impedsnce is lower, es is the
caso at the low-frequency ends of the short-wave bands, the power avsile
eble with 0.8 volts et the cathode is not sufficient to produce this much
rectified current. The curves of Flg. 4 show that when e compromige is
necessary, the conversion trensconduotance obtained with norwal cathode
voltage and reduced grid current is conslderably higher than that obtained
with inoreased cathode voltage and high grid current. Cathode voltages
below 0.5 volts at standard line voltage should be aveoided because of
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the danper of oscillation failure should the line voltage drop. Aoccordingly
it is recommended that the cathode voltage be adjusted to e value between
0.5 and 0.8 volts RmS, at the point in each frequency band giving the

lowest cathode voltage. This point is generally the low-frequency end

of the band when the oiroults are tuned with variable capacitors.

Converter Considersations in the Standard Broadcast Band

The ourves of Flg. & ehow sensitivities obtained in the 550-1660
kilooyole band ae the cathode voltege is varied., The signal is applied
at the converter grid. Curves taken with type G68A7 in the same receiver
are shown for comparison, An inocrease in gain approximately proportional
to the inorease in conversion trensoconductance is obtained. The calculated
noise equivalent resistance for the 88E7~Y is 78,000 ohms, assuming full
shot~affect fluctuation in the plate current. fThe actual wvalue is probably
somewhat lower. ©&ince thie value ig of the seme order as the olrcult
impedances generally reslized at broadoast frequencies, the increase over
eircuit noise ig 2 to g db, The smount of further improvement obtainable
by use of an rf stage is thue small. In the frequency range of 650 to 1660
kiloeyoles, the cbserved squivalent noise sideband input in a typloal re~
ceiver with an entenna gein of 6 wae 0.6 microvolts.

In order to maintain good signaleto-noime ratio for larger signels,
it ie importent thet the amount of ave voltage applied to the converter
tube be kept moderate. Ideally, the first-tube gain should remain at the
maximum until the signal level 1s so great thet nolse is no longer impor-
tent. In practice, however, application of about half as much ave voltage
to the converter as that used for the if tube is satisfectory whem a 68K7
if tube is used. When the if tube is e 6BG7, a larger fraction or full
ave voltage 1s edvisable,

Application in the Short-Wave Bands

It 1s recommended that the cathode voltage for short-wave bands be
adjusted to approximately 0.8 velts at the low-frequency end of each band,
Ae the osclllator is tuned to higher frequencies, the voltage will rise
and there will be some loss of ssngitivity., The space-charge coupling
effect, causing induetion of oscillator-frequency voltage on the signal
grid, occurs in the 68B7~Y as in other tubes using immer-grid injection
of the oscillator voltage, end causzes a further reduotion in sensitivity,
NHeutralisation by use of a capacitor between the oscillator and signal
gride is not advisable because it tends to increase frequency shift with
eve voltege. This shift is greater with the ESB7-Y than with the 68SA7
end is an edditional resson for reduotion of the relative ave voltage on
the 6SB7-Y in the shortwave bands., maintenance of satisfactory frequency
¢hift is alded by the present tendency to limit the frequency coverage in
e single short-wave band, thereby allowing use of a larger minimum oepsci-
tance. A resistor of about 10 ohms in series with the oscillator (No. 1)
grid may be required to prevent parssitic osoillations,

Inductance in the cathode lead should be kept as low as possible,
The voltage drop in the part of the cathode-lead induotance not coupled
to the coil is of no assistance in meintaining oscillation and further-
more, it mcte to reduce the gain at the higher frequencies. The fact
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that this voltare tends to be in phase quadrature with ths oseillatoy
voltage elec leade to the flow of signal-grid current in the tube., Simie
lar considerations apply to other converter tubes, but the low eptimum
values of ocathode voltage for the 6SB7-Y accent the inportance of main-
taining low voltage drop in the ocathode lead. Use of a twistodepair or
conocentric oconnectiocn between the tube, coil and band switch may be ade
visable in some cases.

Uperation in the Frequency-modulation Band

As frequencies are inoreased it becomes incrossingly difficult %o
study the performence of a tube apart from the associated eircuits. To
obtain performance data for the 6SB7-Y in the 88-t0-108 megeoycle band,

e system including a tuned rf stage, the converter circuits, and two if
stages is used. Type 65G7 tubes are used in the rf end if stages. The if
amplifier operates at 10,7 megacycles with & band width of approximately
160 kilocycles. A sguare~law volimeter is connected to the output of the
seocond if stage. The schematioc diegrem of the test circuit is chown in
Fig. 6.

The if emplifier gain measured from the first if grid to the tube
volimeter is approximately 1500, and the if gain from the €5B7-Y grid
signal grid to the tube voltmeter is approximetely 18,000. The latter
figure varies somewhat with different 68B7-Y oscillator cirouit edjust~
ments. Tranaformers end other cirouit elemente used in the if emplifier
are of conventional design., One side of the heater of the €SB7-Y ie con-~
nected to the ocathode and to ground through the cathode section of the
oscillator coils an rf choke is thus mecessary in the other heater lead,
Thls connection is recommended because the cathode is connectsd to a tap
in the oscillator oircuit and when the heater is grounded variations in
the heater-cathode capacitance resulting from vibration of the tube will
cauge variations in the oseillator frequency end consequently, micro-
phonics,

The oseillator frequency is 10.7 megacycles above the signal fre-
quency. The main tuning control is a ganged capacitor of conventional de~
sign with B end A% gsotions. The incremental capacitance is approxi-
mately 16 uuf per gection and a tuning range greater then 88 %o 108
megacycles is obtained. Best results are obtained by inserting wipers for
contact to the rotor in all sections end by grounding the eapacitor frame
s0lldly to the chassis. With o cushioned mounting, the uss of several
short braided connections betwsen capacitor frame and ground would, pre-
sumably, accomplish the same result. '

Initial adjustments are made on the oscillator oircuit, with the
68B7-Y signal grid comnected to the chassis. The tap on the oscillator
coil is adjusted to the position giving meximum grid current, end the
induotance of the ogcillator coil and the trimming cepacitence acrose this
coil are adjusted to give the desired frequency range with the tuning ca-
pacitor used., The eignal grid is next comnected to e tap on the eignale
grid coll, end the signal is introduced from e signal gemerator to emother
tap on this coil. A %00-chm resistor is used as a dummy entenna between
the signal generator and the tap. the signalegrid circuit is adjusted
To track with the oscillator cireuit, end the best positions for the
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cathode tap on the oecillator ocoll end the grid tap and signal-input tap
on the signalegrid coil are determined,

- The rf stage 1s then added, the signal is introduced through the
g00-chm resistor to a tap on the rf grid coil, and the rf grid oircuit
is aligned with the other olrcuits. A readjustment of the tap for the
68B7=-Y elgnal grid is generally necessary when the rf stage ie added, end
some adjustment of capascitance on this circuit is required,

Criteria for Adju stment

The cathode %tap on the cascillator coil is adjusted for maximum gain.
Beasurement of the oscillatorefrequency voltage at the cathode when the
frequency is above 100 megacycles is difficult, so the relation between
the 68B7-Y plate current snd the cathode tap position ie recorded to aid
in the duplliocation of a condition once obtained. The ocurves of Fig, 7
echow the effeots of changing the position of the cathode tap. Best resulte
are obtained with adjustments a 1little below the position for maximum grid
ourrent. Because the position of the tap lead with respect to the coil
is at least as oritical as the location of the point at which 4t connects
to the coil, it is advieable 0 use e plate-current meter to determine
whether the cathode voltage ie being ineremsed or decressed by edjustment
of the tap., 4An increase in the cathode voltage ceuses a deoresse in plate
current, and this tremnd continues for tap positions considerably above the
posltion glving meximum oscillator grid current,

The input conductance of the 68B7-Y signal grid is negative (this
is ™ be expected from theoretical considerations) end oscillation or
excessive regeneration is observed in the signalegrid cirouit when the
signalegrid tap is too high on the coll, The effeot of variation of the
slgal-grid tap position on gain and noise is shown by the curves in
Fige 8, The high-gain portion of the surve corresponds to the highest tap
position, Oscillation ocours when the tap is raised ebove one snd five-
eighthe turns on a coil having two end a half turns, The uge of & non-
induotive resistance of about three ohms in series with the 6SB7=Y slge
nal grid is effective for improving the stability of the aystem and for
improving the umiformity of gein bastween 88 and 108 negacycles.

The signal-input tap is looated near the mid point of the rf grid
coll; its position ig not oritical with respect to either gain or noise.

Typieal operating conditions for the 8SB7-Y when used in the Fi
bend, based on the results obtained in the system desoribed, are given in
Teble II. This table alsc contains date on the ocoils and tuning eapaci-
tores ueed,

Test Results end Observations

When the rf stage is omitted and signal is introduced through a
tap on the B5B7-Y signalegrid coil, the gain from signal generator %o if
grid can be adjusted to a value of 6 to 8, A gain of 12 is observed with
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the signal grid tapped at one end thres guarter turns and the antenna
tepped at one-half turn on the signal=grid coil, but with this adjustment
some tubes osclllate when the antenna loading is removed, The equivelent
noise ie of the order of twelve microvolts; the galn of the system without
the rf stage is not suffiocient to permit an accurate determination.

When the rf stage 1s inoluded, the gain from the signal generator
to the if grid can be adjueted o approximately 70 while maintaining sa-
tisfaotory stability, Higher values of gain may lead to osecillation with
some tubes and to unnecessarily large variations in performance among dif-
forent tubes. The equivalent noise referred to the signal generator ter-
minals is approximately five microvolts, eand this value is affected only
slightly by variations in the 6SB7-Y operating conditioms. This indicates
that most of the noige is from the 6SG7 rf tube,

The thermal noise in the 300-ohm dummy entenna resistor is 0.9 mi~
crovolts for the if bend width (160 kilocycles) used., When the aquive-
lent noise is 4.5 microvolts the noise figure for the system expressed
a8 a power ratio is 26, or 14 db, Values ranging from 2.8 to 6,3 micro-
volts, or 10 db %o 17 db, are observed with verious 68G7 and 6SB7-Y tubes
in the sockets, In terms of receiver performance, virtually neige~free
recepiion can be expected when the signal smplitude is three or four times
greator than the equivalent noise, referred to the signal source, There~
fore, if suffiocient overall gein and a good MM detector system are pro-
vided the combination of the 6SG7 and the 68B7-Y 1s suitable for the re-
oeptlon of signals at about the 20-miocrovolt level.

Substitution of ceramic trimmers for the tuning capacitor sections
does not change the gain or noise materially; but in the case of the
oscillator tuning capacitor section, the substitution of a ceramic trim-
mer rresults in a considerable inorease in oscillator grid current end a
deorsase in plate current at the low=frequency end of the FM tuning range.
This nuggests that the rf resistance of the ganged capacitor accounts for
an appreciable fraction of the eirouit losses when the capaclitor is adjus~
ted to maximum capacitance,

There are a large number of possible variations in eirocuit adjust-
ments for a system like the one shown in Fig. 6, The total inductence for
each olrouit is determined by the range of the tuning capacitor, fThis
induotance, when obtained with the large-dismeter coils and the large wire
slzes used, gives e tuned impedance of sufficient value to favor oseilla-
tlon. The rf stage alone oscillates when both grid and plete conneotions
are made to the top ends of their respesctive coils. Congequently, it is
necessary nither to use taps on these oircuits or to uge resistance load=
ing to prevent osoillation., The uge of taps or some other form of reduced
ocoupling ie more desirable since the selectivity of the circuits is there-
by retained. The equipment designer generally does not have a free choloe
of ooil sizes end location of parts, so it may well be that cirsuit impe-
denoces too ow to cause oscillation will ooocur in some cagss., In guch
oages, tepping or loading of the oireuits is unnecessary, but the do-
slgner must be on guard against borderline cases in whioh some tubes or
sets break Into osclllation, although the majority of them are stable.

For the present, we must oxpect somewhat: greater variations in performance
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among tubss and other ocomponents at 100 megasyoles then we are inclined
to tolerate at lower frequencies, mnd we must provide correspondingly
greator faotors of safety in equipment design.

Frequency Drife

fihen a ocold 68B7-Y tube iz inserted in the test cirocuit, with the
olroult warmed up end adjusted to a signal frequency of 108 megacysles,
the oscillator frequency deoreases by approximately 45 kilooysles while
the tube is heating, The frequency is within one or two kilocysles of the
final value after ten minutes. The oscillator frequensy is 119 mega-
oycles, so the ratio of the increment in frequency to the operating fre-
guency is 3% parts in a million. This can be interpreted as a change in
offective capacitance across the oscillator oircuit, amounting t 780 parts
in @ willion, The caloulated inductence of the oscillator coil is approxi-
mately 0,040 miorohenry, end the total capscitance required for 119 mega-
cycles 1o consequently 45 mioro-microfarads, The warmeup drift is there-
fore approximately 0.036 micro-microfarads, referred to the osoillator
eoll terminals,

The license extended to the purchaser of tubes eppears in the License
lotice sccompanylng them. Information contained herein ig furnished with-
out assuning any obligations,



TABLE 1

RCA~68BT=-Y Rntings & Characteristica

Plate voltage %00 max, volts

Soreen (gride Fo. 2 & No, 4) woltage 100 max, volte
Plate diesipation 2.0 max, watts
Screen disslipation 1,6 max. watts
Total cathode current 22 max, Ba.
Typical operation and characteristics:
Plate voltage 100 260 volte
Soreen voltage . 100 100 volte
Controlegrid (No. 3) woltage =1 =1 volte
Degcillator-grid (No. 1) res. 20,000 20,000 chmg
Plate resistance (eapprox.) 0.6 - | megohm
Uecillator-grid ocurrent 0:%6 PE Y T
Plats current 2.8 %z, 8 na.
Sereen ocurrent 10,2 10,0 na.
Total eathode current , 14.2 14,2 na.,
Conversion Transconductance 900 960 micromhos
Conv. Transcond. at - “

=20 volts on grid No. § %, 6 %5 micromhos

Notes The transoonductance between Grid No, 1 and Gride Nos., 2 and 4
connected to plate (mot cecillating) is approximastely 45600 miocromhos under
the following conditionss Grids No. 1, No. g and shell et zsero volts;
grids No. 2 end No, 4 and plate at 100 wolts,



TABLE 11

Typicel Opersting Conditions for 8S8B7-Y in P Band

Flate voltege 250 wolte

Gride Wo. 2 end No. 4 supply voltege 260

Grids %o, 2 and No. 4 resigtor 12,000 ohme

Grid No. 1 resistor 20,000 ohme

Grid No. § resistor %.% ohmg

Signal freguency 88 106 megacycles
Oscillation frequency 8,7 118.7 megacysles
Plate current 6.8 6.6 wa. '
Grids No, 2 and No., 4 ocurrent 12.6 12,5 ma.

Grid Ro. 1 current D.1%0 0,140 ma.

Coils: All 5/8 inch diameter, spproximately 5/8 inch long.

Antenngs fwo turns No. 14 wire + 1=1/4 inch lead No, 20 wire. Coil tep-~
ped at one tumm,

Interstage: Two turns No. 14 wire ¢ l=1/4 inch lead No. 20 wire. Coil
tapped at 1=1/4 turn,

Ganged tuning ospacitors 7-2x uuf each seotion,

The ingertion of three l0=ohm resistors in psrallel in the grid
%o, g cirouit of the 6SB7-Y is helpful in preventing oscillation in the
signal grid oircuit eand is helpful in reducing the wvariation of sensi-
tivity between different frequenciss,

Average galn from signal generator to first if grid ie approxi=
mately 70 with a §00-ohm resiator in geries with the signal generator.
With an 47 bandwidth of 180 kilooycles, the equivalent input nolse is
approximately five miorowolta. .
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