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~ well the exponential rise in gdd-currcnt

for positive input voltage (Fig. 8).

No longer is the input port modeled
as a misrepresentative sensing circuit.
Grid and plate current are added togeth-
er 10 form the cathode current, which
in turn produces dynamic-feedback
mechanisms in the gain stage that are
partly responsible for compression and
harmonic-distortion effects. These ef-
fects are wellknown to increase with
signal amplitude, although no one has
previously observed or desctibed them
accurately due to the -difficulties in test-
ing for them,

Circulls o

By simulating the front end of a cascaded
tricde circuit: (Fable 5), as scen in many
amplifiec circuits, you can highlight a
property of triode tube circuits that is
particularly relevant to electric guitarists.
Of particular interest here is determin-
ing—by simulating the cascading of two
gain stages as they would appear in stan-
dard amp circyits—-how gridcurrent re-
sponse changes against key volume-con-
trol settings. This change, which in turn
reflects a dynamic-response-factor
change, seems to occur in practice when

" the volumecontrol pot is somewhere be-

tween full on and 90% rotadon.

The test involves applying a 1kHz
sine-wave current to the grid of the first
stage, which is similar to how a guitar
or phono pickup would deliver energy
to the front end of the circuit. Here the
intention is to observe the waveform at
the fitst plate as a fuaction of second-
stage loading as an indication of large-
signal distortion (Fig. 9). By setting the
input source to a sufficiently large am-
pliude, you ovedoad the second stage
so that the second grid circuit sdurces
appreciable amounts of current relative
to the plate circuit of the first stage.

In the case of 100% rotation, the vol-
ume pot simply acts as a 1IMQ load to
ground, with no series resistance be-
tween the plate and grid of the two
stages. In the 90% rovation, a 10% reduc-
tion in grid-voltage amplitude occurs—
because of the pot acting as a voltage di-
vider~while intwoducing a 100k£2 resis-
tor into the signal path. This series resis-
tive component between successive
plate and grid terminals is known to at-
tenuate grid-current production in a sub-
sequent gain stage, For the same reason,
grid-blocking resistors are almost atways
found on power-tube grid terminals to
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FIGURE 8: Transfer variables of common-cathode gain
stage against swept input source,
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FIGURE 9: Typical cascaded gain stages with current
source and volume control.

protect the tube from input-
circuit power overload.

Though a 10% voltage-signal
ioss has occurred, you see a
50% reduction in grid current,
which is characteristic of non-
linear circuit behavior. This
relative difference suggests a
disproportionate increase in
input-circuit loading on the
output circuit of the previous
gain stage when you turn the
pot full on.

This test lays a foundation
for explaining why Fender
Blackface amplifiers have a
smoother, less distortive re-
sponse compared to the older
Fender Tweed amps. This is
50 because of circuit compres-
sion and distortion sensitivity
to series interstage resistance
levels. For example, any
Tweed Champ turned on full
exhibits a total lack of series
resistance throughout the cir-
cuit, and so exhibits undeni-
able amounts of dynamic
compression and distortion
sweetness. I believe this cir-

cuit characteristic is also responsible for
the glassy tonal quality that clean-topolo-
gy Tweed amps possess at lower operat-
ing levels.

Further 'step-transient simulations can
show that grid current plays a crucial
role in establishing compressive effects
(Fig. 10). In fact, other simulations have
shown that plate-transfer nonlinearities
together with grid-current characteristics
work vectotially in the same direction to-
wards establishing large-signal compres-
sion effects; that is, the direction of the
transfer curvature of the plate-current
function as well as the grid-current re-
sponse to _positive input-voltage swings
both act to reduce gain in the stage.

Conclusion

‘The work presented here offers a radical
departure from previous vacuum-tube
modeling techniques in that it is both
more algebraically “general” in nature
and:based directly on tube data. Special
mention should be made of the fact that
the equations used to perform the mod-
cling arc of a most simple nature and
can be understood by anyone willing to
spend a little time with the ioner algo-
rithms. Although the model has been
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This is not such a simple

Veily oo

task to perform, especially
when you are randomly
choosing the data points and
algorithm parameters, as [
have done so far. Because of

this, the method is currently
in a hit-or-miss state. Further
refinements will probably be
discovered by employing stan-
dard Monte Carlo techniques.
It is worth noting that the

™ 3 E™ o EE )

Tim

new modeling technique has

FIGURE 10: Plate-voliage and grid-current compression oc- 4150 been applied to the RCA

cuming at interface of cascaded gain stages.

6.6V pentode-tube piate data

shown to work, a few areas need im-
provement before this technique can
produce official models that also have
good converging properties.

First, a refinement in the choice of
discrete data points needs to be estab-
lished in a nonrandom fashion; second,
a method needs to be developed for
placing low-voltage/low-current data val-
ues for influencing best fit of the model
in the more important parts of its termi-
nal-voltage domain—that is, below the
maximum power-dissipation curve,
somewhat away from the origin, the y-
axis, the high plate-voltage area.

(screen tied to 250V), The
strong nonlinearity near the x-axis
proves to be a tough challenge, and the
transition to lower negative values is dif-
ficult to keep near zero in a2 monotonic
manner, though some similarity has
been achieved over a limited range of
terminal voltages. )
Because of the knee in the response
of pentodes, and the sharp cutoff near
the Xx-axis, the algorithms find them-
selves trying much harder to get into
shape for the match. It might even be
possible to use the types of nonlinear
“kneed” functions existing in current
pentode models as molds upon which to
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add or multiply a fitting function based
on the polynomial form presented here.
At a macrocircuit level, you could
achieve polynomial two-port modeling
of entire or even cascaded gain stages,
with proper AC and DC large-signal drive
and loading characteristics as depicted
in Fig. 8—and much simpler to interpo-
late. This you can now do through cir-
cuit simulation: from accurate models in-
stead of testing. This could possibly pave
the way for a bipolar transistor imple-
mentation—via the translinear circuit
principlel! and a voltage-scale network
transformation—of-semiconductor cir-
cuits that sealistically-exhibit the feel and
overioad characteristics of tube citcuits.

The author would like to thank Dr. J.
Choksi of the McGill University mathe-
matics department, Dr. H.C. Lee and Dr.
G.W. Roberts of the same university's
electrical engineering department, and
N.S.E.R.C. and MicroNet of Canada for
past support. *

SOURCES
You can downdoad Matiab and PSpice source files used

in this work at http:/fwww_lyretbe.cal-jef or by E-mail
from the author directly at jc@lynx.bc.ca.
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TABLE S

PSPICE DECK FOR TWO-STAGE CASCADED CIRCUIT

Cascaded gain stages with RCA 12AX7 SPICE model
*

Vsupply 99 0 300

* input pickup represented as ideal sinusoidal current scurce

Iin 0 1 8in(0 le-6 1lkHz 0}
*input registor )
*low input 2
Rgl 1 2 68k
*high input 1
*Rgl 1 2 34k
*first gain stage
"Rg2 2 0 1Meg
Rel 3 0 1.5k
Rpl 99 4 100k
x1 4 2 3 RCA12AX7
€8l 4 5 .02u
* pot at 100% rotation
Rvoll 5 6 1
Rvol2 6.0 1Meg
* pot at 90% rotation
*Rvoll 5 6 100k
*Rvol2 6 0 900k
*second gain stage

*zero volt scurce used as OW current

Vig2 6 96 0

x2 8 96 7 RCAL2AX7
Rp2 99 8 100k

Re2 7 0 1.5k

**% ingert 12AX7 tube model here

*initial conditions o

Jic v(2)=-0.570591 v{3)=1.4180 v(4)=230.526 v(5)2-0.570591

+  wi6)}=-0.570591 w{7)=a1.4180 vi(B)=230.526 LT

*trangient and output processor calls in PSpice

.tran-le=6 le-3 0 le-6
.probe
.end
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