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R. F, PENTODE PLATE RESISTANCE AND MUTUAL CORDUCTANCE
AS AFFECTFD BY NO, 3 GRID PITCH

In July, 1944, & study wes undertalen of the effects of suppressor-grid pitch
upon plate resistance in pentods tubes. Tube test date in the files of the Tube
Design Department were exsmined, previsus incomplete approaches to the problen
were reviewed, and selectsd tubes removaed from stock end retested in an effort
to 7411 certein gaps in the cdata and to check existing information.

Only those pentodes were considercd which exhibited structural changes in G3
elone - chiefly types 78, 6SD7GT, 7A7 and TB7. Where only five or six tubes were g
available or had been tested, the test data were carefully examined to see if they
were coneistent, Spot diagrams, showing Rp against Ip for individual tubes s furne
ivhed indication of the trustworthiness of such data, In at least one cage, further
analysis was mede of certain lots which it were of especial interest. d

\ . ;
All matual conductances in this report are Gm 1P and not to be confused with
G 3=P of & related report,

A. GKELETON FIATE TYPES

Iype 6°DTGT was found to offer very acceptable experimentsl informstion, In
genaral, it sppears that as (3 is increased upward from 12 tpi at both 250 Eb with
100 Esg end 100 Eb with 100 Esg, the plate resistance declines and reaches a min=
dgaa at 19 or 19,5 T.P.1. However, figures for gride more closely wound than this
ere olither miswing or unrelieble, so that the picture for grids of higher T.P.I.
i# incomplete, : ‘

An exeeption to this general trend will be noted in the face that lots 3 and 4
show w0 great vsriation of Rp at 250 by, 100 Esg, =2 Egl, even though they differ
& good deal in G3. However, Rp does decline slightly with increased T.P.I. and
et 100 Ep, 100 Esg, -1 Egl this decline becomes marked., The Gm of type 6SD7GT
goes steadily down ag the T,P.J. of G3 goes up, (See Figure 1) The upward slope
of the line for lots 59 and 66 at 250, 100, =3 is probably due to a space=-charge
condition and is left in to show thet the data ere not always perfectly uniform.

Ivpe 7A7, contained sixteen very consistent lots with & good range of suppress-
ors, Data on lots 17 - 30 were examined as to ib, Isg and contact potential. The
consistent nature of these figures mekes it reasonable to assume that the chenge
in G3 was responsible for the changes observed in Gm end Rp. In gemeral, the
duta for these show Rp reaching a maximmn at 19.5 T.P.I. both for 250, 100, =3
and for 100, 100, =1. The value of Rp declines on either side of 19.5 T.P.I.
(Figures 2 and 3). The graphs show that larger negative wvalues of grid voltage
exsggsrate the slope of the Rp vs. T.P.I. curve so that the 19.5 T.P.T. pesk is
sharper. At grid-voltages of =1 or =3 (Figures 3 and 3A) elmost no pesk shows up
end Rp is mch lower, as would be expected, The value of 19.5 T.Pel. and 0.343"
minor i.d., seams to offer the msximm of shielding with a minimum reduction of Rp,
pspecially at the low-voltage conditions (100, 100, ~1), and hence has been the
normal grid for these tubes in regular production, .
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The 7A7's show peak Gm et ebout 1900 umhos at 250, 100, and -3, though the
thyee common grid diemeters have peaks st a different T:P.I. (Figure 4). At
100, 100, -1, the Gm pesk occurs at about 2450 (Figure 5)., Lots 17-30 show an
Rp peak at 19 T,P.I., at 250, 100, =3, but the psak shifts to 15 T.P.I. at 100,
100, =3 (F:lgure 6)0

Iype 787. Here date on several desirsble lots was missing from the files,
Three lots were found, however, for ecach of throe diameters and suppressor grid
pitotes lots 35-43. Data taken at 250, 100, and =3 indicate that Rp is measurably
effected by number three grid T.P.I. and that plate resistance reaches s pesk at
19,5 TePel, (Figure 7). The figures for 100, 100 and -1 wolt conditions are less
clear, This is partly because no data exists bolow 19.5 T.P.I. and partly because
cnly five tubes per lot had been read, The indications sre, howsver, that maximmm
Rp again oceurs at 19,5 ToP.I. The curves for (m vs, G3 T.P.I. at 100, 100 and
=1 show that for suppressors with a 0.300" or 0,343" I.D. minor transconductance
reaches its maximum at sbout 2150, For a minor diameter of 0,373" the peek is
reached a 1ittle below 2000 micromwhos (Figure 8), At 250, 100 and -3, the peak
is shifted somewhat, Since suppressors cosrser than 15 T,P,I. were not used, the
actual peek for 0,300" end 0.343" grids cemmot be exactly located, It is likely,
however, that the 0,300% I.D. peak would be at a lower value of G3 T.P.I, than
for 0.343", The latier would probably reach its maximum 4n its neighborhood of
15 ToPoXe The 0,373" suppressors peaked at over 25 T.P.I. at a level of 1825
nicrcmhos, which is a good deal lower than at 1900 and 1925 micromhos for 0,300"
snd 0,373" grids respectively, ‘

Iype 717 showed test lots with interesting veriations in suppressor-winding
but cue to umisual procedure with these lots and to poor smission and other
factors, the data was finally discarded as untrustworthy.,

/ .
B. BOUND PLATE = TYFE 78

: A good deel of data were found in the files for type 78. Lots 2/A, 25, 26 and
27 showed good uniformity of charscteristics both from lot to lot and within

lots, In view of this fact, it is interesting to note the wide range of con-

diticns urder which data on these tubes wers obtained., The data from the file

showed thet four tubes had been read for lot 25, three for lot 26, five for

lot 27, and ten for lot 24A. '

In gemeral, Rp appesrs to be & maximum at 22 or 25 T.P,I. and to drop off
somevhet &t 30 T.P.I, (for 0.680" 1.d, plates). It will be noted, however, that
at 250, 150, end =15 volts Rp is identical for 22 and 25 T.P.I, and the value
of Rp for 30 T.P.I. 18 higher than for either 22 or 25 T.P,I. In contrast to
this, the Rp #lope is found to decline to 30 T.”.J. at 250, 150 and =9 or 250,
150 end =5,5 and at the 90 volt test sonditions slso. (Figure 9)

At 250, 90, -6,5 the chenge in Rp from 2,4 megohms at 25 T.P.I., to 2.15 meg
ot 22 T.P.I, seoms greater than clsewhere and may indicate a lead which should
;elfo]l;med up in any future study of the problem., (Data for this are in G3-Rp

older,

The best data for lots 24A, 25, 26 and 27 were taken at 110, 60 and ~1.5 volts.
Their results can be taken as indicative of the trend of behavior of these tubes.
They show that increasing the T.P.I. of G3 steadily reduces Rp and Gm. (Figure 10)
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C. EFFECT CF_DIAMETER ON Rp and Om

fypes 7A7 and 7B7 offer the only expez?imental suppresgor lots in which the
diemater of G3 was varied independently of everything olse,

3ome axcellent test lots wérs

sti1l on file in the Tube Design Department,

#long with data for their performancc, These data were supplemented by testing

rertain lots of both types on the

¥iller Bridge. The information gathered is

shown grephically herewith, On type 7A7 at 250, 100 and -3 as the diameter
’f 63 increeses Rp is found to inerease to 19 T.P.I. and then fall off again,

(Figures 7, 11, and 12), At 100,

100, ~1, the maximum Rp occurs at 15 T.P.I.

instead, At the high voltage conditioms s the Gm reaches its peak at 1900
uioromhos for sach of the three mincr diameters studied - 0.300", 0,343" and
3.373" 1.4, (Figure 4), At 100, 100, « 1 the peak is raised to about 2450 Gm.

(Figure '5}_

Type 787 showed a somewhet similsr effect of diameter on both Rp and Gm at
250y 100 and =3, Rp inoreased with incressing dismeter of the #3 grid from
0.300" 1,d. to 0.343" 41,d, and then decrezsed for 0.373" and Gm peaked at 19,5

ToPel, However, at 100, 100, -1,

plate resistence declined steadlly as suppresscr-

dismeter was inoreased snd pesk value of Gm was reached somewhere between 15 and .

3,9;5 TQP.I.

in approxinate rumerical relaticn between Ep and suppressor-grid diameter is
liffieult to arrive at without more experimentel information. Some indication
of the trend of this relation may, revertheless, be gained from the foregoing
“ypes. Hore, using 19.5 T.P.I. 8 & starting voint, an increase of one=half twrn
per inch in the pitch of G3 is approxinately equivalent to a 0,030" decrease in
iiameter. In the other direection, & decrease of ome-helf T.P.I. is nearly
equivelent tc inoreasing the dlemeter 0,020,

The data on which this report iw based, together with additional graphs and
irid-gpecifications for the wvaricus tubes, may be found in a folder labeled
"G3=Rp Investigation® in the files of the Tube Design Departmwent. Considersble
date on actusl gain measurements = chiefly with 100 wolt soreen conditions - are
ziven in memoranda by J. R. Nelson of Jamary 26, 19/0, and March 23, 1939 to
4. Fes Argento and Dr, Weeke. These measurements wers made in connection with

~the design of the original 7H7 tube for meximm gain at 100 volts on the goreen
grid. A copy of these memoranda and the original test data is in a "R-F Gain®

Polcer °

Georgs Blackwall
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