Removing the Mystery from Matching

affect speak

‘How does tube or transistor imp

PRECEDING ARTICLFS {SEE REFERENCES)
dealt with the difference that three
governing  values—maximum  power,
minimum distortion and maximum gain

can make in the choice of optimum
load for a triode, pentede or transistor,
All these are concerned with the effect
the load value has on these parameters
of the tube or transistor operation, The
fourth parameter, which we take up
here, reverses the viewpoint; it is con-
cerned with how (he resistance or im-
pedance of the tube or transistor affects
the load-—usually a speaker.

The previous articles  explained
what damping does o the performance
of a speaker. By feeding it with a velt-
age derived from a source with very lit-
tle internal resistance, nny fendency of
the speaker to overshoot or behave
erratically s damped by the short-
circuiting effect of the low internal re-
sistance.

Because a low internal resistance
provides hetter speaker damping than
n high ane, the ratio between load and

Because the average plate resist-
ance is 10 times load impedance, remov-
ing the load would cause a rise in output
voltoge of 11 times (assuming the input
level is low enough to allow that much
rise without saturating the _tube).

MNow let's assume feedback is ap-
plied, enough to reduce gain hy 6 dB
with the load connected. To find what
this does to impedances, we have to
consider the efrowdy impedance at dilfer-
ent points on the waveform.

Al the npcrnling point, the total
shunt impedance is 1%, (about 0.91) of
the load impedance: 6 dB feedback will
reduce this to half—7"% ; of the load im-
pedunce. This means the source imped-
ance part of this will be 3j of load im-
pedance: hence the damping factor at
the operating point is 1.2,

At the limit of positive grid excur-
sion, the total shunt impedance is 2 of
load impedance; 6 dB feedback will re-
duce this 1o 14, which means the source
impedance part will be half the load im-
pedance, The damping factor at this
paint is therefore 2.

At the other limit of output wave-
form excursion, the total shunt imped-

ance is 1007101 of the load

100
100 +1
impedance. But the gain is reduced to
half. This results in a damping factor of
0.515,

S0, throughout a high-amplitude
output waveform, the damping factor
of a pentode loaded with the correct op-
timum load resistance changes from 2
to (0.515,

Apart from the fact that such fluc-
tuntion of damping factor could cause
serious IM distortion when higher fre-
quencies are present at the same time,
we have looked at things from the view-
paoint of the load, which we have been
regarding as fixed,

Assuming a  resistor  {(dummy
load), rather than a speaker, the load is
n fived value. Even so, from the tube's
viewpoint, waveform changes modify
grid drive, due to resultant changes in
feedback. This is equivalent to changing
a vollage, or making the loading viry at
different points on the waveform. If it’s
that complicated with a dummy load,
think {but don't imagine too hard) what
speaker impedance can do!

Multiple operation

Multiple output matching can best
be understood by referring to a match-
ing trunsformer, (The principle, of
course, is not by any means restricted
to mafching transformers.) Some exam-
ples will illustrate typical possibilities,

First, assume we have a transfor-
mer designed to work from an 8,000-
ohm plate-to-plate load, with 4-, 8- and
16-ohm taps on the secondary (Fig. 3).
This means that connecting any one

performance?

source resistunce has been called damp-
ing facior, If a 16-ohm speaker is fed
from a source of 2 ohms, the damping
Facter is |6 divided hy 2, ot 8.

Hence. this aspect of matching has
to provide good damping. While ar-
ranging that the Joad of a 16-0hm loud-
speaker provides the optimum load {uas-
sume 4,000 ahms) required in the plate
circuit of n tube. the circuit must also
see 1o it thut the 16-0hm loudspeaker is
fed from a source impedance, or resist-
ance, of 1 ohm.

A transformer (ransforms imped-
anges both wavs (Fig, 13,11 16 ohms re-
Neets through the transformer to look
like 4,000 chms (250 times the actual

value), the plate resistance of the tube
must also be transformed down by
250: 10 If it is to look Hke | ohm, its value

at the primary must be 2350 ghms,
Even a triode tube does not have
that low a plate resistance, if its opti-
mum Ioad is 4,000 ohms. So the effective
plate resistance is adjusted to the de-
sired value by feedback, Now we've got

load of 4, 8 or 16 ohms to its appro-
priate tap will reflect un impedance of
8,000 ohms plate to plate (Figs. 3-a
and b).

Now, if we want to feed two 16-
ohm speakers in parallel we'll connect
them to the 8-ohm tap (Fig, 3-c}, he-
cause that's what their parallel value is.
Caorrespondingly, but slightly less obvi-
ously, to share power equally between
a l6.0hm and an &-ohm speaker, we
would conneet the 16-ohm to the 8-chm
tap and the 8-ochm to the 4-ohm tap
(Fig, 3-dy.

From this example, you see that
the reflected load impedance is the com-
bined effect of all the secondary load-
ings in parallel, One doesn’l just connect
all 16-ohm speakers directly to the 16-
ohm tap. That would be right only for
one 16-ohm speaker, working by itself,
When the 16-chm speaker is connected
to the 8-ohm tap and the B-ohm speaker
to the 4-ohm tap, both receive power
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feedback, as well as simple malching
ratio, into the matching picture,

Let's take the example of 0 typieal
output pentode, feeding its normal “op-
timum load.™ Assume that, without feed-
back, the plate resistance ut the oper-
ating paint is 10 times the required
load impedance. At ong extremity—the
“knee™ of the pentode curves (Fig, 27—
the plate resistance drops o twice load
impedance, At the other extremity of
the load line, the plate resistance {rep-
resented by the slope of the plate cur-
rent/ voltage curves) rises 1o 100 timey
load impedance. The averupge is about
11} times,

Gain, as  well  as  resistance,
changes. Motice the spacing hetween
points where the load line crosses the
curves. They are fairly uniform, except
for the lowest space, which is anly about
half the wicth of the others. This means
the gain of the tube drops to about half
the value throughout the rest of the
waveform, when the grid swing drives it
down to that end.

and are thus in parallel for the trans-
former,

If we connect a 16- and an #-ohm
speaker in parallel (Fig 4-a), the 8-
ohm unit receives twice as much power
as the 16-ohm unit, because it takes
twice the current at the same voltage.
Now suppose we want one of two 12«
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Fig. T—An output transformer fransforms
impedances two woys, a—IE makes 16.
ohm load Took like 4000 ohms lo tube
plate, beIt makes plate resistance of 250
chms look ltke I ohm to the loudspeaker.
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2—Operating plate voltage and current courves laken from o sngle-onded pen-

tode, wsed to illustrate effects of impedance and gain relations ot different points
along the load line, A feedback signal, when wsed, will drastically alter the effect
of the damping foctor under the conditions described above, as explained in fext,
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Fig. 8—Diuhinrn of power between multiple Ioads: a, heeA single 16- or S-ohm loud-

e ly to ity appropriate oulput tap. c—Two I8-0hm units are
in parallel on the 8-ohm tap, d—A 1fi-ohm and an Sohm unit each conneet to a tap
with half of their respective impedance ratings. Although it seems incorrect, such
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v in order for both speakers to share the power equally.



ohm lowdspeakers to reccive twice the
power the other does,

This is readily accomplished by
connecting one to the 8-0hm and one to
the 4-ohm tap {Fig. 4). The 12-ohm
unit connected to the d-ohm tap gets V4
the power a 4-ohm unit would, while the
I 2-0hm unit connected ta the 8-chm tap
gets 34 the power an B-ohm unit would.
Fach connected only to its nominally
correet fap would pet all the power. But
with this conneetion, the unit connected
to the 8-chm tap gets 3% and the one
connected to the 4-ohm gets Y3 of the
total power, which is what we wanted.

This is nat an article on speaker
power distribution, so0 we won't get into
any more complicated instances. The
next example of muliple matching con-
cerns the class of operation of the tubes
OF {ransistors.

First, assume we have o trans-
former outpul-loaded as bhefore, If two
tubes require a plate load of 4,000 ohms
each, working in class A, the total load
is 8,000 ohms plate to plate. Actually the
impedance ot each plate is 2,000 ohmes,
Y4 the total winding, because the im-
pedance ratio equals the turns ratio
squared, But in class A, both tubes de-
liver power together, so they each feed
half the pawer to the output load, which
we'll take as 16 ohms.

Half the power, with a common
voltage, means hall the current, so cach
whe actually drives the eguivalent of
32 phms on the 16-ohm tap. Each plate
“sees'” bwice the “nominal”™ impedance
of 2,000 chms for the half primary, or

4,000 ohms, Working it oot either way,
the mutching is right.

Now assume we are working cluss
B. Each tibe feeds all the power for half
the cyele. So now each plate pets a load
of 2,000 ohms, dwring its operating half-
cvele,

While this means that the same
matching ratio can vsually be used for
different elasses of operation with the
same tubes, i1 does not mean the same
transformer will do. The class-B 1rans-
former must be specially designed so it
can perform this “switching™ from one
plale to the other between half-cycles
without producing any spurious effects,
like “notch distortion.”

The third example of muliiple
matching concerns  ultralinear opera-
tion and, more properly, bridging con-
nections. In describing how uliralinear
circuits work, the term sereen loading is
often used. MNumbers are given, derived
in a way similar to those for impedance
taps on the transformer.

For example, the popular screen-
tapping point for many tubes is al
43% of the primary turns, measured
from the center tap loward each plate
{Fig. 5). For convenience, we will take
40% , which is 24, If this tapping were
used as the primary connection, instead
of the plate tapping, the reflected im-
pedance would be W5 (25 squared) of
the rating for the plate connections. The
fraction %, represents 16%. Using a
43% voltage tap is equivalent to an
|8V % fmpedance tap, This has some-
times been referred to as 1833 9% screen
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Fig. 4—Two wayr of feeding wnequal lee-  Fig, S5—Ultralinear  output  transformer
els of power to loudipeakers: a—Speakers  discussed  in texk. Percenloges merked

with unegual impedances are connected
to taps with same impedance. b—Speakers
of like fmpedance are connected lo taps
having walike impedonces, splitting power.

win primery velate to Turns, noel impedanee,
Numbers hy secondory daps indicate imped-
ance load for which they are intended. Ef-
fect of screen voltage iy kew fo operafion.
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Fig. §—Bridging connections applied lo a line. Input to the lineterminating ampli-
fier provides 800-shm load required by the output of the amplifier feeding the line,
The VU meters monilering Hne level have an impedonce of 6,000 ohme or more.
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loading=meaning mmpedance,

Assuming the secondary is cor-
rectly loaded, the impedance measured
at each plate would be, say, 2,000 ohms,
That meassured at the screen taps wounld
be %, of this, or 32{0 ohms (370 ohms
for 18Ya % ), But thiv does not mean ihe
rereens are loaded with 3200 or 370
efing. The fluctuations in voltige and
current to the screens may contribule
a very small part of the outpul power
from an ultralinear circuit—probubly
1 % or 2% . But this is not the basis of its
operation,

The ultralinear circuit produces ity
particular effect because the velfnge ap-
plicd 10 the screen alfects plate current
to o much greater degree (than does
voltage applied to the plate. The smull
change in  screen  current, Howing
through a small proportion of the trans-
former’s turns, contribules very little to
the ouwtput, and nothing to making it
maore linear.

Really, the screen conmection in an
ultralinear circuit is u form of hrideing
connection. A bridging input, for exam-
ple. hormally has an impedance of at
least 10 times that of the circuit into
which it is connected. Consider the
broadeast and recording-studio practice
of vsing o matched 600-ohm line be-
tween one amplifier’s output and an-
other’s input (Fig. 6). (This is done par-
ticularly when the amplifiers are several
hundred or more feet apard.) The line
amplifier’s output is designed to be
loaded with 600 obms, while the other
amplificr’s input is designed to provide
that load of 600 ohms. Additionally, to
monitor the transmission level, a WU
meter is often connected, at either or
both ends. Such a meter has an imped.
ance of 6,000 ohms or more, to produce
a minimum of extra loading on the line
amplifier. The VU meter is “bridging”
the line.

In ultralinear operation, the flow
of audio power is in the opposite direc.
tion, from the screens fo the transfor-
mer; but the operation of the circui oc-
curs in its particular manner because of
the wvoltage applied to the screen by the
transformer,

Thus, matehing isn't as mysterious
as is oflen thought. Like a window, a
transformer works hoth ways, While a
tube or transisior is looking at a speaker
and seeing o certain impedance, that
same speaker is looking back through
the tronsformer and sceing the lube or
transistor’s impedance. Cach affects the
other, END
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