MI By Pierre Touzelet
Simple Approximations Of
Tube Anode Characteristics

No sophisticated software necessary. Try this simple

TABLE 1: Collected tube data (Philips tube data handbook)
Triode type ECC81

approach to determine anode tube characteristics.

any designers have proposed
analytical functions to approx- :

imate the anode characteris-
tics of a tube. In general these

analytical functions depend on a certain !
number of parameters which must be op-

timized, using a regression method, to
best fit the anode characteristics of a given
tube. Nevertheless, many audio amateurs

do not have such optimization software :

in their toolbox. For these audio amateurs
this article introduces a simple alterna-

tive strategy, based on the solver available !
in Excel software and gives a complete :
description of the procedure to be used, as :

well as an illustrative example of this pro-
cedure, with the triode type ECC81.

- PROCEDURE

1. First you must collect the data of the
anode characteristics of the particular tri-
ode under consideration. You can derive
triode data collection from direct mea-

is arranged in a table where horizontal
. lines represent predefined anode to cath-

crossing of a given column and line—that
is to say, for a given Vg and V—the re-

the table. In other words
fines a matrix Ha_ _H:‘[ (V vV )H
i,j a

gk;:" ak;

Vi=0,1--,N, Vj=0,1---M .

Triode type ECC81

- ode voltage: V; and vertical columns, pre-
. defined grid to cathode voltage: V. At the

sulting anode current [, is indicated in !

the table de-

Back [

As an example, Table 1 shows the data
for the triode type ECC81, using the
Philips tube data handbook.

. 2. The second step involves choosing the
surements, using a modern digital curve :
¢ tracer or tube data handbook. Triode data :

appropriate analytical function. For tri-
odes, I strongly suggest the one proposed
by Norman LKorenl. Itisa simple for-
mula with five parameters, flexible enough
to describe the anode characteristics of any
type of triode with rather good accuracy.
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TABLE 2: Calculated tube data (Norman L. Koren analytical formula)

Vv“u"k/ 0,00E+00 ° -1,00E+00 ° -2,00E+00 * -3,00E+00 ° -4,00E+00
0 000E+00 : 0,00E+00 - 0,00E+00 - 0,00E+00 : 0,00E+00
20 © 140E03 :© 0,00E+00 : 0,00E+00 : 0,00E+00 : 0,00E+00
40 © 297E03 © 475E04 © 000E+00 - 0,00E+00 © 0,00E+00
60 :© 475603 © 1,13E03 :© 0,00E+00 : 0,00E+00 : 0,00E+00
80 :© 641E03 © 202603 © 2,37E04 : 0,00E+00 : 0,00E+00
100 © 831E03 © 297E03 © 6,88E04 : 0,00E+00 : 0,00E+00
120 © 102E02 © 439E03 © 133E03 : 949E05 : 0,00E+00
140 © 123E02 © 593E03 © 2,25E03 :© 5,22E04 : 0,00E+00
160 © 144E02 © 757E03 © 3,20E03 © 949E04 :© 4,75E05
180 © 166E02 : 937E-03 © 451E03 © 166E03 : 2,85E-04
200 113602 © 596E03 © 249E03  712E04
220 135602 © 747603 © 354E03 | 123E03
240 9,02E03 © 4,70E03 @ 2,02E-03
260 108E02 © 593E03 @ 2,85E03
280 127E02 © 736E03 © 392E03
300 9,02E03 : 4,98E03
320 107602 © 6,31E03
340 759E-03
360 9,02E:03
380

400

420

440

460
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Fitting parameters : t1 = 231,0, t2 = 81,5 t3 = 4280,0, t4 = 1,15, t5 = 155,0

-5,00E+00 * -6,00E+00 : -700E+00
0,00E+00 © 0,00E+00 : 0,00E+00 ‘(/a;k/ W= & S
0,00E+00 - 0,00E+00 : 0,00E+00 0 0,00E+00 : 0,00E+00
0,00E+00 : 0,00E+00 : 0,00E+00 20 © 130E03 © 156E04
0,00E+00 - 0,00E+00 : 0,00E+00 40 : 2,90E03 © 4,80E04
0,00E+00 : 0,00E+00 : 0,00E+00 60 - 463E03 - 1,08E03
0,00E+00 : 0,00E+00 : 0,00E+00 80 - 645E03 - 198E03
0,00E+00 © 0,00E+00 : 0,00E+00 100 - 834E03 - 315603
0,00E+00 © 0,00E+00 © 0,00E+00 120, 103E02 - 454803
000E+00 - 0,00E+00 - 0,00E+00 10 : LBE0Z - 603E03
0.00E+00 © 000E+00 © 0,00E+00 .. 00..: 144E02 - 178E03
1,90E04 :© 0,00E+00 : 0,00E+00 i AR A
451604 0,00E+00 © 0,00E+00 ;gg :;ﬁi
831E04 © 2,37E04 © 0,00E+00 0
131603 © 4,75E04 © 1,19E:04 .
190E03 © 831E04 & 2,37E04 %0
261E03 © 1,14E03 © 3,80E04 200
349603 © 166E03 712604 a0
4,39E03 © 2,25603 © 1,07E03 310
546603 © 2,97E03 © 152E03 360
6,64E03 © 368E03 © 2,06E03 380
783603 © 4,63E03 © 2,73E03 400
562E03 © 344E03 420
6,76E03 © 427E03 440
5,10E:03 460
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-2,00E+00 : -3,00E+00 : -4,00E+00 : -5,00E+00 : -6,00E+00 : -700E+00
0,00E+00 - 0,00E+00 - 0,00E+00 - 0,00E+00 - 0,00E+00 - 0,00E+00
4,13t-06 - 850E-08 © 173E-09 © 353EN - 720E13 - 147E-14
2,10E05 - 6,67E07 - 2,07E08 - 6,42E-10 - 199E1 ° 6,18E-13
8,40E-05 © 439E06 © 2,19E07 °© 1,09E08 - 544E10 °© 2,71EN
259604 © 2,16E05 °© 166E06 : 126E07 - 961E09 : 731E10
6,24E-04 - 781E05 - 8,63E06 - 9,33E07 - 101E07 - 1,08E08
12303 - 2,17E:04 - 324E05 - 4,66E06 - 6,66E07 - 9,50E-08
2,08E03 © 487E04 © 9AIE05 © 171E05 - 3,07E06 - 549E07
3,16E-03 - 9,30E04 - 2,23E-04 - 4,95E-05 - 1,07E-05 ° 2,30E-06
442603 © 157E03 - 453E04 © 119E-04 - 3,00E-05 - 752E06
585E-03 - 2,40E03 - 8,11E04 - 246E04 - 713E05 - 2,03E05
742803 © 3MEO03 - 132E03 © 455E04 - 148E-04 - 472E-05
9,09E03 © 460E-03 © 199603 ° 767E04 - 2,77E04 © 9,71E05
109E02 - 592E-03 - 2,82E03 © 120E03 - 4,75E-04 - 181E04
127E02 - 738E03 - 3,80E-03 - 176E03 - 757E04 - 3,12E04
8,95E-03 - 4,93E-03 - 246E03 - 114E03 ° 503E04
1,06E02 © 6,18E-03 - 3,29E-03 - 163E03 - 767E-04
756E03 © 4,25E03 © 2,23E03 - 1,11E03
9,03E03 © 534E03 - 296E-03 @ 155E03
6,55E-03 © 3,80E-03 - 2,09E-03
786E03 - 4,75E-03 © 2,73E-03
581E03 - 347E-03
6,98E03 © 4,32E-03
5,27E-03



Else, Ia =0

Where: t1=kp, H=M, t3=kvb) t4=Ex, t5=kg1
are the five parameters.
This function is only valid for ng <0.
For V,, > 0, you must model the grid
current, which is not considered here.
With this analytical function, and as-
suming you already have a rough idea of
the parameter values, you can set up the
same chart as in Table 1, but with the
calculated anode current values.
In other words, the table defines a ma-

frix Hbi,jH =1, (I/gk/-;V:zki)
Vi=0,1,---,N, Vj=0,1,---M .

As an example, Table 2 shows the triode
type ECC81 data, using the Norman L.
Koren analytical function and estimated
parameters.

3. This third step involves the setup of
an error function. Tables 1 and 2 for a
given grid to cathode voltage V,; and
anode to cathode voltage 1 allow you
to build the following error function:

s=X[a,-b,]
L)

Vi=0,1,--,N, ¥j=0,1-—-M

This error function is a Euclidian posi-
tive norm. Fitting parameters are gener-
ally determined by minimizing the error
function using the classical regression
method. The smaller the §, the better
the optimization of the parameters.

4. Next you need to determine the pa-
rameters. To do this, use the solver avail-
able in the Excel software and open a
worksheet devoted to the particular triode
of interest (see Fig. 1, the Excel worksheet
for the triode type ECC81).

The worksheet is arranged in such a
way that Tables 1 and 2 are placed close
to each other in order to have a natural
correspondence between equivalent cells.
Fitting parameters are declared in a dedi-
cated area of the worksheet as well as the
error functionS. The optimization of the
fitting parameters is performed using
the solver available in the toolbox. The
cell to minimize is the one in which the

error function is available. The variables
which must be optimized are the cells in
which the fitting parameters are defined.

5. The final step involves the display of
the anode characteristics. This is done on
a graph attached to the worksheet. On
this graph are superimposed the anode
characteristics deduced from the tube
data collection (blue graph) and from the
calculated values according to the opti-
mized fitting parameters (red graph). You
can add additional information, such as
the maximum anode power dissipation.

PENTODE APPLICATION

This procedure works very well with tri-
odes, but you can also apply it with suc-
cess to pentodes. The only difficulty is
the choice of the appropriate analytical
function. I suggest you use a combina-
tion of the analytical functions proposed
by Norman L. Koren! and Menno van
der Veen?. Koren’s function models the
cathode current because it behaves like
the anode current of a triode. The van
der Veen function models the current dis-
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tribution function between the anode and
the screen grid. The result is a simple for-
mula with five fitting parameters, flexible
enough to describe the anode and screen

grid characteristics of any pentodes, with

rather good accuracy.

V, 1V
Elzl;—”Log 1+ Exp| k, —+ £

J ==L [1—
g2 kgl [ a]

Else 1,=0 and 7,,=0

and

Where: pl:kp? po=p, p3=Ej, p4=kg1)
. ps=n are the five fitting parameters.

m
2% K :
! ¢ valid for Vg ;4<0. For V>0, you must
) o model the control grid current, which is
a=|=Arctg—%| ,with 1<n <10 | not considered here.
p g2k :
E 3 . .
I E . Proposed analytical functions are pure
If E;>0,then “a — a . designer’s imagination and, unfortunatel
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. consequences”.

do not rely on the principles. If these
functions are convenient and accurate
to determine tube working points, they

| are not as efficient when used to simu-
. late tube dynamic behavior. This is par-

ticularly true when you try to quantify,
by simulation, distortions. Distortions

. depend on partial derivatives of any order
This proposed analytical formula is only

that cannot be deduced from these ana-
lytical functions because no care is explic-
itly taken to achieve this goal. This is a
systematic mistake that designers should

- avoid because of its dangerous design

3

I hope some of you will try this meth-
od, and sincerely wish you good luck.
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