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ABSTRACT

Various Hybrid Amplifier Circuit Con-
figurations are boing us2d in CATV Distri-
bution equipment to improva ouiout capabi-
lity ani provide bett-r reliability.

The MAGIC TEE AMPLIFIER Configura-
tion, which is the utilization of two Hy-
brid Integratesd Circuits in parallel, will
be treated in Azptn in this paoer. An
analysis of the circuitry and the perfor-
manc2 characteristics that can be exoncted
in the normal opnerating mode and various
failurr modns will b~ discussed.

Gain variation, Distortion and Noise
Figure performance charactaristics arce
comparaed to those of the conventional
single hybrid circuit. Specific Syst=am
Performance Degradation Analysis an:
Measurement data will br prasznted for
MAGIC TEE AMPLIFIERS ovperating in "soft"
failur= modes. Also, the o2rformanca of
MAGIC TEE and conventional singlz hybrid
trunk amplifiar cascad=es is compired.

INTRODUCTION

In response to the demand for cable
trlevision signal distribution equipment
which has tha capability of providing
accaeptablz distortion »erformance with an
ever increasing telavision signal load,
equipm=z2nt manufacturers are constantly
looking for new technology and novel ways
to use existing t2chnology. Hybrid inte-
grat2d circuit technology is continually
being advanced as equipmant manufacturers
constantly convey thz nead for better dis-
tortion performance to the vendors of
these circuits. However, the responsibi-
lity for improving =equipment verformance
do=s not rest on the shoulders of tho hy-
bril amnlifier manufacturrrs alona. The
equipnant ananufacturers nust also be
crzative in approaching this »nroblem and
do whatever they can to imorove the dis-
tortion wnorformanc of the =2quinment thay
suopnly,

Wwhil=s it is true that the basic dis-
tortion performance of cable television
signal distribution 2quioment is control-
l=2d by the individual hybrid amplifier
prrformance, the overall performance of
this oquipment can be improvad by using
these hybrid amplifiers in various circuit
configurations. Th2 MAGIC TEE amplifier
is onc of thz circuit options available to
equioment manufacturers which, when used
as tho output stage anplifier in distri-
bution equioment, provides several advan-
tages over the traditional single hybrid
amplifier ouktput stage.

THE MAGIC TEE AMPLIFIFR

The basic form of this amplifier has
b2en known to 2ngineers for many years.
However, as so oft=n happens, the advan-
tages of this circuit were not necaessi-
tat2d in cable tcloavision systenm distribu-
tion eguiomant until recently. Signifi-
cantly b=atter distortion performance,
relative to the traditional singles hybrid
amplifier circuit, is th2 main reason for
implementation at this times. However,
thare are other advantagas provided by
this circuit which will be detailed as the
operation is =2xolained. Figure 1 contains
a block diagram which shows the major com-
ponents of the Magic Tese amplifier.
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Th= componcnts at issus in this cir-
cuit are the in»ut power splitter and the
outout power combiner. Both of these cir-
cuits are constructed exactly the same and
are of the circuit configquration known as
the Magic Tee. The g2nerally accepted
schematic diagram for this circuit is con-
tained in Figure 2.

MAGIC TEE CIRCUIT

T T2 R1

FIGURE 2

The importance of this circuit lies
in tha fact that it can be usa2d to split a
signal or combinz two signals with a theo-
retical loss of, 3 decibels., It also pro-
vides good isolation between the two out-
put ports wha2n used as a signal splitter
and good isolation between the two input
ports when used as a signal combin=r. The
significance of this port to mnort isola-
lation will be exvlained later in this
paper. The other two major components of
the Magic Tee amplifier are the hybrid
integratad circuit amplifiers. Let us
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assumne that these are standard units
available from several manufacturers.

In order to =2xplain thoe operation of
the Magic Tez amplifier, a signal flow
diagram with signal l2vel magnitudes at
various key circuit locations will be
used., For comparison ourposes, a single
hybrid integrat=d circuit amplifier is
also provided. Both diagramns are con-
trined in Figure 3.

Part "A" of this figure illustrates
the p:rformance that can b= expectad fron
a single hybrid. The aaplifier output
level and noise figure formulas ar=s as
follows:

OL

IL + HG

whera: OL

Amplifier output lavel

JL = Input leaval
HG = ilybrid amplifier gain
NF = ONL - TNL - HG

where: NF Noise figure
ONL = Output nois~2 levzl

INL = Input noise leovel

HC = Hybrid aunplifier gain
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Part "B" of Figure 3 illustrates the
thaoretical performance that can bz ex-
pected from a Magic Tea amplifier. Tho
amplifier output level ani noise figure
formulas are as follows:

OL = 1L + SHG
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The operation of tha single hybrid
amplifier is straightforward. However,
the operation of the Majgic Tee amplifier
is not as obvious. Therefore, a detail-
ed explanation will b2 offared.

The key to correctly analyzing tho
operation of this amplifier is to vieu it
as two nybria amplifiers oprrating in

outnut sigral combiner,. Thar2forn, At the
combinar common port thers ars tywe in
ohas2 signals which are ? 4y jg5u~r in
leval relative to 2ach of tha hybrii aap-
lifier output lavels., 1€ both of these
signals are of ~2gual level then they will
comhine on a voltage basis Producing one
signal which is 3 I8 higher in layel cela-
tive to each of th: hybril amplifier our-
put levels. If the outnut levels of the
individual hybrid awnnlifiers are not ~au-l
then the two sign=1ls will combine on a4
voltagz basis to nroduceo or: 3ignal which
will b2 less than 3 dB3 higher in Javel
r>lative to th> higher of thz two Nynrii
amplifi=y output levnls.

ien analyzing the nois: narforanance
of the Magic Te2 amplifier, tha standard
=59 d3mY q2ust b2 us2d directly al tne in-
put to the individasl hybrid amolifiors,
not at the coanon terminal of tho inoat
splitteor. The noise level at the osutout
of each of the hybrids is attonusted 2 an
by the ontput combiner and thsse two sig-
n2ls crrive at ths coabiner common t-r-i-
nal. 1If tho noisz lavels ara ~qual thin
th2 rasulting nois~ lovel will h» 3 23
higher and will b= 2qual to tao noise out-
put 12v21l of ecach of th~ hybrid a=nli-
fiers. It is important to note that at
tho output comhinzr of th» Magic T-2 anp-
lifier the two signal voltages arn couor-
2nt and tharefore will a’d on a voltage

basis. The two noisz veltages will addd on
1 power nasis brcaust thay ar> inconsront
as a result of being ganerat-d ianleosn-
Tontly in each of the hybril inteagratoi
circuit avwplifiers,

parallel because this is exactly the cas~».
The input splitter provides a signal to
the innut of =ach hybrid which is 3 1B
lower than the signal level at the split-
ter common terminal. The oukput of =ach
of the hybrids is atteonuated 3 4B by the
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(dB)

DISTORTION LEVEL

The distortion performance of the
single hybrid amplifier and the Magic Te~
amplifier are illustrated in Figure 4.

The gain and signal levels are the same as
those usesd for the previous 2xolanation.
The arbitrary output capability chosen is
maintained for both types of amplifiers.

The distortion performance improve-
ment of the Magic Tee amplifier over the
single hybrid amplifier can be directly
attributed to the lower output level of
the Magic Tee amplifier hybrids while
still achieving the same total amplifier
output signal level. As can be seen in
Figure 4B, the theoretical output level of
the hybrids will be 3 dB lower than the
output level of the single hybrid ampli-
fier which =2quates to an output capability
improvem=nt of 3.0 dB. Therefore, the
relative distortion improvement for s=cond
order distortion products will be 3 dB anAqd
the relative distortion improvement for
third order distortion products will bas §
dB. This distortion performance improve-
ment holds true as long as the distortion
contribution from each of thz hybrids is
the same. 1If the distortion contribution
from the hybrids is not the same in terms
of magnitude, then the Magic Te2 ampli-
fier averages the two distortion levels.
The relationship between the distortion
level difference between the hybrids used
in a Magic Tee amplifier and the total
distortion from the Magic Tee amplifier
can be seen in Figurs 5.

the third
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Refering to Figure 5, if
order distortion contribution
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1rec amplifier will provide a 6 4B distor-
tion advantage relative to one of the hy-
brids providing the same output level.
However, if the distortion contribution
from each of the hybrids is not the same,
then the Magic Tee amplifier tends to
average the contributions from each of the
hybrids. For example, if there is a 4 dB
difference betw=2cn the distortion contri-
bution from each of the hybrids, then the
total distortion level from tha Magic Tee
amplifier will be 3.75 dB better than the
best hybrid in the circuit and 7.75 4B
better than the worst hybrid in the cir-
cuit. It is significant to not= that this
inherent distortion performance averaging
provides more consistent overall distor-
tion performance and tends to minimize tha
normal performance distribution of the hy-
brid integrated circuits.

Practical Apnlications

In practice, not all of the theore-
tical advantages are achieved, This is
due primarily to the fact that the loss of
the splitter and combiner exceeds the
theaoretical 3 dB loss by anproximately
8.5 dB, This condition causes the signal
arriving at the input to the hybrids to
be 3.5 dB lower than the single hybrid
cas=2. This of course causos an apparent
noise fiqure increase of #.5 dB. Corre-
spondingly, thz signal level out of the
hybrids must be approximately (0.5 dB
high=r than the theoretical signal level
in order to produce a total amplifier
output level egual to the single hybridg
amplifier output lavel. Therefore, a
real world Magic Tee amplifier provides
1 dB less gain, 2.5 dB second order dis-
tortion advantagz and 5 dB third order
distortion advantage relative to the
single hybrid amplifier.

Laboratory Test Results

In order to verify the anticipated
performance of the Magic Tee amplifier,
relative to the single hybrid amplifier,
many laboratory experiments have been con-
ducted. The test data obtainad from some
of these exveriments provides valuable in=-
sight into the real world performance of
the Magic Tee amplifier.

Of primary importance is the gain
provided by the Magic Tee amplifier rela-
tive to a single hybrid amplifier. The
Magic Tee amplifier will provide approxi-
mately 1 dB less gain than one of the hy-
brids that is used in it. This condition
results due to the greater than theoreti-
cal loss of the input splitter and output
combiner, While this is an apparent dis-
advantage, there are advantages which are
offsetting.



In2 of th2 alvantages relativz to th-
singls hybrid amplifi~r bacomes obvious
whan catastroonic hybrid Sailures 3rn con-
sider~3. TIf a singl= hybriad avnplifier
f4ils rcatastronaic~ally, then thrre will be
a signal level roiuction of aopproximnately
4% 3B abt th~2 nlaca of occurrz=nca in tha
syst~m. Youever, if onz of the hybrids
tho Magic Ta2o wplifisr fails catastrophi-
cally, there will be a signal le2vel reduc-
tion at th> o2laco of occurvance in the
systa2m of aporcximately 6 43. This
limit~d gain r2duction is =ad> possible by
tna isolation capabilities of the Magic
Tea circuit. TIf a circuit is uscd which
1o2s not oprovide isolation from one hybrid
to the oth=2r, such as a transformer, th=n
3ignnl level r=lvctions of approximately
23 A% can be expected if onz of th® hy-
brids fails catastroohicaelly. Suonort-
ing t2st 1ata is nrovided in Fiqures 5
7.
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which rzsultad whan catistronhic failur:
2f on» of th~ hybrils was simulate? in =
Maglic Tz annlifizr. Notice that for both
tha RF oncon circuilt condition anl oF
short cir~uit condition th2 gain rzduction
was 7Tlosz> to M. Wron various "soft"
failur=s of one of the hyhrids was simu-
l2t~7, the rosultant gain roedurtions £211
botwesn the raefercace and taz2 oo»n cic-
coit »lots. Howevaer, whon this 2xo~ri-
went was rep23at~d using innut and output
circuits waith sroviind vary little isola-
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tion batweoa thno aybrids, the results werae
significantly lifferent. This is illus-
tratad in Figure 7. 7 low fragusncy 3ain
reiuction of ~ooroxiaehely 27 ¢ a5 ob-
s2evod waen a4 RF on2n circult was simula-
t~>1 in on2 ol tune hybyid amnlifizra.

177

TRANSFORMER CIRCUIT WITHOUT ISOLATION
GAIN REDUCTION UNDER VARIOUS CONDITIONS
2!

— '
i
REFERENCE LEVEL

RF OPEN CIRCUIT

RF SHORT CIRCUIT

358(—

150 —
200 |—
250 —
300 —
400 |—
450 —

|
)
S

MHZ.
FIGORE 7

Thorefore, in orider to have as much con-
trol as nossible over th2 r2sultant anpli-
fier gain whan a hybrid fails catastrooh-
ically, inout sowzr gnlitter and the
output »ower comnbiner ~qust providz gond
isolation betwe?n the “wbrids,

tha
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Tee ammlifier could be comparad,
brid integrata? zircuit anplifizrs ware
characterizal for distortion 2nd noise
figura »n~rformanc-=. two hyhrids were
then us~21 in a Magic Tee amplifier and theo
samne characterizations were parformad.
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The composite triple beat performance ob- 60 CHANNEL COMPOSITE TRIPLE BEAT PERFORMANCE
tainad from each of thes hybrids and the .
Magic Tee amplifier are contained in Fig- ' OUTPUT @ +32dBMV W/6dB TILT.

ure 9. This comparison vrocaess was |
repeatad for cross modulation and nois=z -89 HYBRID *8" T SN
figurs. The cross modulation data is ////
presanted in Figure 9 and the nois2 fig- //
ure data is presented in Figurz 17, 1In -31 ;
all z2ses the2 modifiad theoretical perfor- ///
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-1@2 MAGIC TEE HYBRIDS Due to the obvious significance of
Il the theoretical distortion averaging
-1@4 capability of the Magic Tee amplifier
~106 circuit, an exp=sriment was designed to
prove or Jisprov=2 this advantage. Two
—ie8 hybrids with significantly different
composite triple beat performance capa-
-1109 bilities were used in a Magic Tee ampli-
g 8 8 8 E g % g E fier circuit. The distortion performance
- - o o ™ ™ - - obtained from each of the hybrids and the
MHZ complete amplifier circuit are shown in
) Figure 11. Th2 data clearly shows that
FIGURE 9 the thzoretical analysis presented carlier
in this paper is correct when modified to
lavel of + 32 dBmV, has bezn projacted reflect the real world performance in
from]data obtained at highzr output terms of distortion, of the Magic Tee
evels. . P
NOISE FIGURE PERFORMANCE amplifier.
System Performance Data
8 Eight trunk amplifiers were cascaded
> in order to verify that the distortion
.5 .
varformance improvement obs=2rved for a
single Magic Tee amplifier would also
¢ manifest itself whan several amplifiers
/// were cascaded. For comparison purposes, a
6.5 MAGIC TEE HYBRIDS |7 cascade of traditional single hybrid out-
A" AND B /// ///’ put stage amplifiers of the same length
% 6 N\ pd was also constructed., while all operating
)y Z)ZV conditions for the two cascadaes were main-
- PR A o [ N
5.5 /ng tained identical, substantially different
//////' distortion performance ressults were ob-
5 — 4_,———’V/> \ HYBRID *A* _| tain=d from each. fThe Eomposige triple
beat performance of each cascade is con-
1/////”‘===:=//// HYBRID "B” tained in Figure 12. The cross modula-
4.5 tion performance of each cascade is con-
tained in Figure 13.
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Figures 12 and 13 clearly indicate
that the composite triple beat and cross
modulation distortion performance of a
Magic Tee amplifier cascade will provide
the anticipated distortion improvement
based on individual amplifier verformance.
It is for this reason that the Magic Tee
amplifier is gaining widespread accept-
ance.
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The second order performance of trunk
amplifier cascades containing Magic Tee
amplifiers will be the subject of a future
paper. Phase matching and inverting tech-
niques that can be used with this basic
circuit configuration provide substantial
latitude by which this distortion form can
be minimized.

SUMMARY

In response to the demand for cable
television system distribution equipment
which can provide improved distortion per-
formance, the Magic Tee amplifier has been
implemented. This amplifier circuit is
composed of a Magic Tee input power split-
ter, a Magic Tee output powzr combinzr and
two hybrid integrated circuit amplifiers.
In theory, this amplifier will provide the
same gain and noise figure, a 3 dB second
order advantagz and a 5§ dAB third order ad-
vantage relative to a single hybrid ampli-
fier. 1In practice, due to the higher than
theoretical loss of the input power split-
ter and the output power combiner, the
Magic Tee amplifier provides approximately
1 dB less gain, 9.5 3R worse noise figure,
a 2.5 dB second order advantage and a 5 dB
third order advantage relative to a single
hybrid amplifisr. Inherent hybrid ampli-
fier distortion averaging and limited gain
reduction when one of the hybrid ampli-
fiers fails catastrophically are other
features of the Magic Tee amplifier.



