Notes on the Cathodyne
Phase-Splitter

ALBERT PREISMAN*

Performance of the split-load circuit has often been questioned by designers
and constructors, The author shows why most of the doubts are unfounded.

quite comnmonly used to drive & push-

pull output stage, and has several in-
teresting features, It is stated in various
texts that the impedance seen looking
into the plate eirenit is different from
that Jooking into the cathode cireuit, yet
for egual loads, the cutput voltages and
frequency response are identical. It

Tm: SPLIT-PHASE circuir of Fig. 1 is

- would appear that the eathode eireuit,

having the lower apparent source im-
pedance, would have the better high-
frequency response when hoth cutputs
are shunted by equal {and inevitable)
circnit capacitances, In fact, some peo-
ple think that this type of cirenit is in-
herently unbalanced at the higher fre-
quencies, whereas in actuality it is just
as well balanced at the high frequencies
as it is at the low frequencies, provided
the h’\'ﬂ output load impedances are at
all tiu\es equal, :

The impedance looking into plate ter-
minal 4,, (exclusive of Z;), is

Zop=rp+({1+n)Zy (D

where r, is the plate resistance of the
tube and p is its amplification factor.
The impedance looking into eathode ter-
minal 4y, (exelusive of Zy) is

o

Fig. 1. Basic phase-splitter circuit.

It is evident that Z,gz, for reasonable
values of Z;, is much less than 1y, and
Zop is greater than r, by the amount of
{I+#1)Zg. In spite of this, the regula-
tion of both portions of the ciremit are
the same, so long as Zg=2Z;. For ex-
ample, if Z 4 and Z, each are represented
by & resistance paralleled by a capaei-
tance, their high-frequeney responses are
the same, (as stated above), in spite of
the fact that one is driven by a high-
impedanece soutce and the other by a low-
impedance- source.

The apparent paradox can be ex-
plained if we formulate the gain ex-
pression for either terminal A, or Ag.
Let the applied grid signal voltage be
¢, and let it develop output voltages
E g across Zg and Epp across Z;, where
at first we do not assume Zg =2, The
net voltage between the grid and cathode
is e,, where
(3
The equivalent voltage in the plate eir-
cuit is pe,, and it eauses a current i, to
to flow through Zg, r, of ihe tube, and
Z;. Hence, by a simple application of
Ohm'’s law, we have

ey =& _ELI(

ip=uey/ (rp+Zx+ 2] {4)

Current 1, in flowing through Zj, sets
up the voltage

(5)
-and in flowing through Z, sefs up the

voltage
Epp=iZ;, (6)
If we substitute Eq. (5) in Eq. (3),
and then Eq. (4) for the value of i, we
obtain, after some algebraie manipula-
tion :

ELK=iﬂZK

_ o+ Zr+ 7,
a="% [r,+ 1 +u)ZK+ZL] )

Eq. (7) can now be substituted in Eqy.
(4) to obtain:

tp= b6, /[ty + (1+u}Zg+Z;]  (8)

which, when substituted in Egs. (5) and
(6), yields finally

Brio=veZy/[r,+ (1+p)Zc+ 2]
and
Erp=ne,Zo/[rp+ (14 W) Zg+ 2] (100

(9)

rp-l- i
Brp=Elk=pe x
(1+p)Z

Fig. 2. Equivalent circuit for plore or
cathode output.

If we now impose the phase-splitter
condition that Zy = Z;, = Z, we obtain:
Eig=Erp

=pe 2/ [rp+{I1+n)Z+Z]

Equivalent Circuit

(11)

Equation (1) can be represented by
the equivalent cireuit shown in Fig. 2.
The output voltage aeross Z is the frac-
tion of the apparent generated voltnge
te, that Z is of the total eireuit imped-
ance. The latfer consists of an apparent
source impedance [rg+ {1+n)Z] that is
greater than r, by the amount (14 n)Z.
Note, then, that from this viewpoint, we
have the same apparent generated volt-
age pe, acting for either output, and the
same apparent source impedance [r,+
(1+n)Z], rather than umequal source
impedance as given by Eqs. (1) and (2).

We seem to be in greater mess than
ever. However, let us go back to Eq. (9}
and divide numerator and dengminator
of the right side by (i + 1). We obtain:

Zg

re+ 2

ELK:P-_:E €y ( fl—lL) +Zl\'
The equivalent ecircuit is shown in Fig.
8. It holds whether Zg is equal to Z,
as in the ease of the phase-splitter, or
Zg is not equal to Zy. Note that the
apparent source impedance appears here
lower than r, (for reasonable value of
Z.} owing to the factor {k+ 7} appear-
ing in the denominator. But the appar-
ent generated voltage is now also lower;
it is also reduced by the factor {u+1).

In the special case where Zg =21, the
circuit of Fig. 3 becomes exactly equiva-
lent fo that of Fig. 2, so that we can say
in this case that the internal source im-

(12)



wer for the plate output terminal
s of Fig. 1 is also as low provided we
nlso aceept a lower apparent generated
voltage. Or, we can say that the apparent
sonrce impedanee for this terminal is
higher, namely [r,+ (1+K)Z], provided
we also specify the higher apparent gen-
erated voltage. When Z, =Zg, the indi-
vidual impedances Inse their separate
tdentities, ns do also Eqgs. (9) and (10},
whereupon we can regard either output
terminel as having a higher or lower
souree impedance, provided - we also ad-
just the apparent generated voltages to
enrrespondingly higher or lower values.
Tt is only when we permit Zg and Zj, to
he unequal that we must use Egs, (8)
and (%) separately rather than use Eq.
(11) for both output voltages.

We see, therefore, that the paradox
is resolved if we take into account not
only the ehange in source impedance but
also the change in source-generated volt-
nge. One can compensate for the other,
but only in the case where Zp=2Zp.
Otherwise, a vartation in either imped-
ance causes the opposite effect upon the
output voltage of the other terminal.

Practical Case

For example, suppose Z;, the plate-
load resistor, is increased hut Zy, the
cathode resistor, is maintained constant.
Irom Eq. (9) we see that F decreases
beeanse only the denominator of the
right expression increases. At the same
time, BEq. (10) shows that E,p inereases
])ecame the numerator of its right ex-
pression inereases faster than the de-
nowminator. The opposite effects are of
course obtained if Z;, decreases.

On the other hand, if Z, increases,
Ep decreases and Epy increases by the
sume line of argument; and viee versa
for a decrease in Zy. We can summarize
the effects by stating that a variation in
cither impedance causes a similar effect

on its oufput voltage and an opposite

effect on the output voltage of the other
terminal; for equality of impedanee, the
two output voltages are equal.

The action deseribed above coneerning
the difference in source impedance and
the compensating difference in generated
voltage ean be more specifieally ex-
plained in terms of what may be ealled a
little network theorem. In (A) of Fig. 4
we see the basic ¢ireuit. The generated
voltage is F; the souree impedance is

4ZL
,;4]

rptzL
e

Fig. 3. Equivalent circuit for cathode
ovtput.
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Fig. 4, Basic circuit and an equivalent circuit,

%g; and the load impedance is Z,. The
output voltage is
Zy,
EL Fﬂ 70 + 7,
just as in the case of Eqs. (2) and (10).
If we multiply Eg by some factor m,
divide Zy, by the same faetor m, increase

(13)

Zg an amount’

"‘; 1) %, and substitute

these aliered values in Eq. ('13), we ob-
tain the same value E; as before. Actu-
ally, the cireunit impedance is unchanged;

—1
Zag+{ 2

z .
) A+ -;? equals Zg+Zg,

so that a physieal interpretation of this
alteration is that in (A} of Fig, 4 we
have tapped down on Z, at a peint
1/mth its impedance and take off the
voltage E,, at this tap. The rest of Z,
is then lumped with Zg to represent an
increased source or generator impedance,
However, at the tap the voltage would
be 1/mth its previous value; to compen-
sate we make our generated voltage m
times #s great and thereby ohtain the
same value of Ej, as before.

In the case of the phnse—splitter cir-
cuit, Zy =7, =Z, and in this case a term
mvolvmg Z that is associated with the
apparent source resistance can be shifted
5o ns to hecome part of the load resist-
ance or viee versa without changing the
algebraic form of the gain expression.
Under these conditions, we can shift
terms so as to make them appear as part
of the source resistanee or as part of the
lond resistance, providing we compensate
the apparent generated voltage corre-
spondingly. The result is the sane; the
two output voltages are the same whether
we regard the internal impedances of the
two output terminals as equal or un-
equal. It is only when Zy is not equal to
Z; that such shifting of terms is inad-
missible, and it is then that the voltage
regulations of the two terminals are dif-
ferent.

Before concluding this article, the
writer cannot help but mention a result
he obtained many years ago.! In using
a vaegum-tube stage to feed a ecoaxinl
cahle of, say, 75 ohms characteristic im-
pedance, one can feed it from the plate
cirenit by first paralleling the r, of the
tube by a suitable low plate-load resistor
s0o ns to make the apparent source im-
pedanece 75 ohms to mateh the eable, or

1 A, Preisman, “Some notes on video am-
plifier design,” RCA Rev,, April, 1938,

one can feed it from the eathode circuit

by first paralleling the lower apparent
source resistance of r,,/ (1+nr) with a
suitably higher load resistance to get the
same apparent source resistance of 75
ohmas.;

The interesting thing is that when the
characteristic impedance of the eable is
matched from ecither point, the gain of
the stage is the same. The advantages of
feeding the cable from the cathode {ecath-

~ ode-follower stage) are that the henefits

of inverse feedback are obtained (al-
though amplitude distortion is not so
serious a faector in a video amplifier),
and more importantly from a practical
viewpoint, the cable sheath can be placed
at ground potential.

In the case of the phase-splitter ecir-
cuit just analyzed, we can conclude thal
so long as the two load impedances are
maintained equal at all frequencies of
interest, no eoncern need be felt about
the differences in appdrent source im-
pedance. The writer employed this type
of phase-splitter back in the days when
cathode-ray oscilloseopes had a. band-
width of 3 me at most, and could main-
tain a flat response with such a eéircuit
out to 8 me.2 The only diffieulty encoun-
tered was that the screen signal current
flowed through’ the cathode resistor but
not through the plate load resistor, so
that the latter had to be increased in
value to obtain equal voltage ountputs,
but that is another story.

The only important disadvantage of
the phasc-splitter is that its maximum
output voltage from either load resistor
is only half that from a single-ended
stage of the same total Ioad impedance,
50 that some difficulty might be obtained
in attempting to drive some power-tube
grids, Ordinarily, however, the maxi-
mum ontput voliage is sufficient to drive
the grids of even the larger power fubes
used in high-fidelity audio amplifiers.

Some readers may wonder why the two
terins involving Z in the denominator of
Eq. {11) were not eombined. They were
left separate to show the same form as
that of Bq. (13), namely, Z1/(Zg+ Z1).
Ordinarily, we would write Eq. (11) as

Epn=Erp=1e,2/[r,+ (2+W)Z] (14)

which is the form you will find in the
handbooks and other texts.

2 See “A wide-range video amplifier for a
cathede ray oscilloscope,” A. Preisman,
RC4 Rev., April, 1989,

23



