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An Improved Method of Finding
Vacuum Tube Model Parameters

Designers and others who work with tubes will find this program

handy to determine VT models.

By Bill Elliot

first became interested in vacu-
um tube models when I needed
good triode and pentode models :
to use with my SPICE circuit
simulator to simulate an audio power

amplifier I was designing. Searching
the Internet, I discovered the vacuum

1

tube model work of Norman Koren'. :
I then began to produce some model :
netlist equations based on Koren’s :

phenomenological triode equations
using Texas Instruments’ Derive 6
math software.

At first, I used trial-and-error
methods to find the parameter val-

PENTODE_PARAM(P) :=
Prog

Alik := 0.502
Alvp := 300
A2ik == 0.176
A2vp = 150
Blik := 0.005
Blvp := 80
Blvgl := -10
B2ik := 0.035
B2vp = 520
B2vgl := =70
Cik := 0.065
Cvp := 300
Cvgl := -30
Dvg2 := 300
D2ip = 0.455
D2vp := 300
D3ip := 0.425
D3vp = 80
D4ip = 0.15
D4vp = 20

u := RHSCu)
k2 = RHS(k2)

P := RHS(P)

a = RHS(a)

b = RHS(b)
n2 := RHS(n2)
Vvt

D1ip := Alik/Alvp”nl-Dvg2*nl

PENTODE PARAMETER PROGRAM (6550 EXAMPLE)

[ik =, ip =, Vt =, Vp =, Gk :=, nl :=, p =, Kl :=, k2:=, a:, b=, n2:=, vg2 =, vgl =, vp =, P:=]
[ALlik :=, Alvp :=, Alvgl :=, A2ik :=, A2vp :=, A2vgl :=, Blik :=, Blvp :=, Blvgl ::]_ )
[B2ik :=, B2vp :=, B2vgl :=, Cik :=, Cvp =, Cvgl :=, Dvg2 :=, Dlip :=, D2ip :=, D3ip :=, D3vp :=, D4ip :=, Ddvp =]

LN(A21k/ALiK)/(LN(A2vp) — LN(Alvp)) R
ASSIGN(u, SOLVE(BLik = Alik/Alvp®nl-(Blvp-(LN(P*(Blvgl-p/J(Blvp*2 + k2) + 1) + 1)/LN(P + 1)))"nl, u, Real))

ASSIGN(k2, SOLVE(B2ik = Alik/Alvp”nl.(B2vp-(LN(P*(B2vgl-p/J(B2vp™2 + k2) + 1) + 1)/LN(P + 1)))"nl, k2, Real))
ASSIGN(P, NSOLVE(Cik = Alik/Alvp"nl.(Cvp-(LN(P*(Cvgl-p/J(Cvp™2 + k2) + 1) + 1)/LN(P + 1)))"nl, P, Real))

Gk = Alvp™n1/Alik-(LNCP + 1)/(u-LN(P)))"nl ) " i
ASSIGN(a, SOLVE(D2ip = (a + Dvg2)/(1 + b + Dvg2)-(Alik/Alvp”"nl)-Dvg2”nl, a, Real))

ASSIGN(b, SOLVE(D3ip = (a + D3vp)/((Dvg2/D3vp)*n2 + b + D3vp)-(Alik/Alvp”nl).Dvg2”nl, b, Real))
ASSIGN(n2, NSOLVE(D4ip = (a + Ddvp)/((Dvg2/D4vp)*n2 + b + Ddvp)-(Alik/Alvp”nl)-Dvg2”nl, n2, Real))

= vp- (LN(P*(vgl-p/J(vp™2 + k2) + 1) + 1)/(u-LNCP)))
Vp = vg2- (LN(PA(val-p/J(vg2*2 + k2) + 1) + 1)/(u-LN(PY))

[Gk := Gk, nl:=nl, u:=u, k2:=k2, P=P, a=a, b :=b, nl = nl, n2:=n2, Dlip := Dlip]

Table 1.
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ues until they matched five chosen points on the plate
curves. Despite the tediousness, I managed to produce a
fair number of netlists for the tube types that interested
me.

I have been using Derive since its early DOS days
and have found it to be reliable, easy to use, and, above
all, it does everything I need and more. It is also very
inexpensive—about $115. I know other math programs
are very good, but they are way out of my price range.
I suggest anyone interested in Derive 6 read the article
on the Internet titled “Derive 6: Far too good for just
students.”?

Because of the tedious work and resulting inac-
curacies, I decided I needed to find a better way and
wondered whether I could use Derive 6 to calculate the
values of the parameters.

SOFTWARE SOLUTION

Examining Koren’s triode equations, it would seem that
the five unknown parameters can only be found using
trial-and-error methods or some sort of program using
iterative techniques.

Koren’s Triode Equations:
Ip = (E1%/kG1)*(1 + sgn(E1))
where:

E1 = (Ep/kp)*log(1 + exp(kp*(1/u
+ EG/V(KVB + Ep?))))

Upon closer examination of Koren’s equations, I saw
that there are really two separate sets of parameters.
The first set of two, kG1 and X, are independent of the
second set and are quite easily found using the zero bias
line of the triode plate curves. The second set of three,
kp, u, and kVB, are more difficult to find, but can be
directly calculated using algebraic and numerical pro-
gramming techniques.

After numerous attempts, I wrote three very simple
Derive 6 programs that directly calculate triode, pen-
tode, and diode model equation parameters based on
Koren’s triode equations.

The triode and pentode programs run in 15-60 sec-
onds on my computer, depending on tube type and data
point selection. Some tube types and data point selec-
tions may run on and on without giving a result. You
may even get negative or complex numbers for results.
In these cases, check your data entry numbers first. If
the numbers are OK, then try moving data points B1,
B2, and C to higher current levels. I cannot promise
that these programs will work on any tube type, but I
think they will work on most.
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High End Components Made In Germany Since 1985
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TubeCap® - high voltage MKP - 10 up to 200 pF

This cap is compact as an electrolylic capacitor but as fast
and voltage proof as only film capacitors can be. Due to its
considerable low ESR and lower residual inductivity

the TubeCap® contributes to a finer, livelier sound.
Advanced no drying out and selfhealing properties.

= MLytic® HV - These electrolytic
capacitors have been developed
especially for the requirements of
tube amplifiers. In addition to the
utilisation in new developments,
they are also outstandingly suit-
able for repairs and tuning of
existing amplifiers.

* MCap® Supreme - The unique
| induction-free winding technology
speaks for itselfs and proves these
caps to be sonically outstanding!
To hear is belief!

* MLytic® Audio Grade - These
caps are extending our range
of products to a series especially
conceived for applications within
the pre-amplifiers or small power
amplifiers. The assemblage
always refers to snap-in models
for assembly boards. Throughout
its development, importance was
placed upon attaining low ESR
and ESL values, as well as a low
inner-sound development.

* MLytic® HC - High current capaci-
tors designed for continuous current
of up to several hundred ampere.

Recommended US Dealer
MADISOUND SPEAKER COMPONENTS
www.madisound.com
Exclusive Canadian Distributor
AUDIYO INC.
www.audiyo.com
Exclusive Australian Distributor
SOUNDLABS GROUP PTY LTD
www.soundlabsgroup.com.au

See more audio innovations on

www.mundorf.com
and subscribe for our newsletter

info@mundorf.com
OEM and dealer inquiries invited
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1 Vt Vt 2.n1 - 1)
(1) ik = —- —— " -Vt
Gk 2 2 J
Where:
2 b
[ vgl-p/J(vp + k2) + 1
LN\P - + 1)
(2) VvVt = vp-
H-LNCP)

PENTODE CONNECTION EQUATIONS

PLATE CURRENT

Table 2.

a+ vp 1 + SIGN(vp) 1 Vp Vp 2.nl - 1
(3) dp= . . . + Vp
vg2 \n2 2 Gk 2 2
+ b + vp
vp
SCREEN GRID CURRENT
a+ vp 1 + SIGN(vp) 1 Vp Vp 2.nl - 1

(4) 1dg2 = |1 - . . . + Vp

vg2 \n2 2 Gk 2 2

+b + vp

vp

Where:
2
vgl-p/J(vg2 + k2) + 1
LN\P + 1
(5) Vp = vg2-
H-LNCP)
(6) wvg2 :=
TOP QUALITY DOUBLE C CORE AUDIO TRANSFORMERS!
& We make a wide range of DCC ~ NO JOB TOO SMALL,
transformers for tube amplifiers in NO JOB TOO BIG.

cooperation  with  Trafomatic
company.
&) Our production range includes

Single ended , Push Pull , Push
Pull Ultra Linear, Mains trans-
formers and C core chokes for all
kinds of audio applications.

&) We do not have a standard pricelist
as all of the transformers are wound
specifically for each customer and
his demands (at no extra cost),
so0 please e-mail us with the
parameters that you need for your
transformer.
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&3 Power range from 5W to 300W.

The laminations on transformers
are 0.22 mm or 0.27mm, High B.
The wire we use is the famous
cooper wire from Italy. You will be
amazed at quality and prices! We
also make a wide range of mains
toroid transformers at incredible low
prices especially if you order larger
quantities. Power range from 10VA
to 10KVA. OEM manufacturers and
individual buyers are welcome.

KORATO Milesevska 66, 11000 Belgrade Serbia & Montenegro
tel.: +381 113047 189 +381 11 3047 199 www.korato.com korato@eunet.yu
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The Pentode Program is shown in !
Table 1. All the programs plus the !
step-by-step equation development are :
available on my URL3 in Rich Text '
Format (RTF) and Derive 6 format
(DFW). You can download and read
RTF files with Windows Wordpad. If
you have Derive 6, you can download
the Derive files and run them on your
computer.

The pentode equations for a pen-
tode netlist are shown in Table 2. Nor-
mally, you would use only equations 3
and 4 in the netlist because a triode '
can be obtained by connecting a plate
and screen together. The pentode-tri- |
ode connection equations are used to
check the triode curves using the De-
rive 6 curve plotter.  aX

REFERENCES

1. www.normankoren.com/Audio/
Tubemodspice_article.html.

2. www.scientific-computing.com/
scwmaraprO4derive6.html.

3. www.knology.net/ ~billelliot.

www.audioxpress.com

GLASS AUDIO GLASS AUDIO GLASS AUDIO

- —

e

A
“

Putting
the Glow
inYour
Audio

We know that tubes are

the heart of a transceiver

and the goul of an amplifier. Wosi
Thats why we're dedicated Richardson Electronics Company!

to relinble tubesg at excellent

Vigit us at:

. " . "l
prices. We offer the finest S honsaoftih ot coat
in audio tubes and quality ]
' e-mnail
components, and we ve

landlordfhouseoftubes.com

made ordering convenient.

TUBES—They're our foundation.

crossovers. Tube Electronic Crossovers. MOSFET SE Amp. Tube Phono Preamp.Solid State
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= Marchand Electronics Inc. 3
3 PO Box 18099, Rochester, NY 14618 &
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