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Using balanced inpuls and outpuls can provide a clean connection

while overcoming many of the problems early syslem engineers encouniered, . *

Sinco the first sudlo onginsor tried
fo wire two pieses of equipment
tagelher, system Intorfaclng problams
have existed. Equipmont that works
flawlossly alone can wronk haveg
when wired tegoethor, Early audio
workers used transformars 1o solve
difforoncos in ground potentials bes
twuon oquipment or slgnals plekod up
in cabting. These transformers helped
to usher in the age of balanced and
flogting interfacing. Howaver, thoy
also added significant cost, welght
and distorlion to the eyuipment. As
the performance of the dloclronic
ayuipment improved, thesn shortcome
ings beceme more noticonble. The
larga sizo of the transformers also
mado them Inconvenlent For use in tha
evershrinking chassls of transistoriz-
ad gouipment. Designara sought ways
around the use of transformers and
discovored aloctronieally balancod In-
puls and outputs (IO),
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Figurs 1A, A bugle source—loud connse
ton. No grovnda are Indlcatad, both source
end lood floal,

Lot's first oxamine what a balencad
Mro is and what problems it solves,
Figure 1A shows a baslc source and
load counoctlen, No grounds aro li-
dicated, both source and load floal,
This 18 nirvana for equipment intor-
connoetion.

Eithor the sourca or the load may ba
tled to ground with no probloma, but
Crbot, Who [s SEVC'S $1gnal procossing ot

tant. {3 vice presidest ond grinclpal engivoor
with Augto Progiglon, Bagvorten, OR,
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Figure 18, An unbalencad systam whota
ovch pluce of equipment has one of lls ¢ane
neclions tiod to tho ground.

there cun be only one ground connee.
fien. Unbolonged sysiems ure when
each ploes of squipmont haa eno of its
connections tied to ground, as shown
in Figuce 1B, 'This vccurs, for exam:
pln, beeauae the sourge is an amplifiar
oulput whose powaor supply {a tied o
chassls. The difference iy ground
potontial causes currant to flow in the
ground wire and developa a vollage
geross the wire resistance. The
ground noise volluge direcily adds to
the signal itsolf. Beeauso this ground
current s usuvally from leakage in
power trunsformors and line filters,
tho current is 60Hz ac and gives rise lo
hums, 1 the wire pagistanco s reduged
by using haovier ground wira, tha
hum will be reduced but it 15 difficull
to get an ndequalely fow rosistance.

Ry

Vo= Ve Verouno
V:-‘:anwn

Vi~Vi=V,

Figuro 10, The canceltation of ground loop
noisn by amplifying both the high slda and

ground side of the source and subtructing
the two,

By amplifying both the high side
end ground sids of the sourco and sub-
tracting the two, it s possible to
cancsl the ground :loop nolse, os
ghown in Figura 1C. This is the basls
of a differentlal fnput clrcult,’ The

canceilation runs 1n‘o tramble when !

the source impedance of the un-
bolanced saurce fa takon inlo account,
Onpo sida of the lina will have & slightly

lower amplituda beguuss of the at-
tenuation of the source impeduncg. By .
arpating & signal that 15 owt of phaso ;
with the original, we'make the source |
bolancéd and oliminple this error, s ™

le that for a glven mmaxlmum output
vollage frem the source, the slgnu
voltage i doubled |over the unbol-

shown in Figure 1D. o‘pn addoed benefit

ancec cose,
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Fignre 1D, A helanced source whero tha

amplitudo avtor 18 eliminated.

CHMRR
The monsure of hpw woll an Input
rejacis  ground noiss s called
ciammon-nde refection ratlo (CMRR)

(Soo Figure 2.j tF'a differemtial Input {5 -

useel {0 rofoct nolse, The desirad signal
Is upplicd botwoen (ho plus and minus

tuputs of (he amplilior, The amplifior

will have & carlain galn for thig signal
condillon called tha differential goin,
™ qround noise vdllage apponrs on’
bolh plus and minus hiputs simullane-
ously, or common 1o the iwo inpuls.
Bocauso the ampliffor subtracts the
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floating ouipul of thait products. Tha
kasls of theso designs is shown in
Figure 8. The circult consists of twe
operational amplifiers, which nre
cross-coupled with pasitive and
nogative feedback, The outpul of each
amplifier 15 depandont an tha input
slgnal and the elgnal present at the
output of the othor amplifier, Those
designs may have gain or loss depond-
ing on the sclestion of resistor
values. Also, the output impedence
may be sot via appropriate solection of
values, Bome resistonce is nosded
from [he sutput to ground to koop the
output voltage from floating to one of
the pawer supply rails,

Bacauso of the sdded roglaters lo
ground and &ny output ac coupling,
the tmpodance from (he oulput lo
ground lg-not infinlte, This veducos
the coupling of ground nolse exper
lonced with tha previous clrcuit bui
does not eliminate it, I{ care ls not
takon with compensation, stability
problems may rosult. Designing the
ouiput slage with a gain of two allows
the signal to drive balanced loads to
approximatoly 20V from slandard ap-
amp supplios, as with the previgus cir-
cult, Howover, when unbalanced
loads are used, the swing la limited to
one half this velua bafore clipping oc-
curs. If the circult & designed with
unity gain it will not clip unti! ths ¢l
cults delving it elip, but the output
voltage is halved. Aslde from these
minor problems the cirgull works wall
and gan exhibit suporior bandwidih to
a transformer output stage at signifi-
cuntly lower cosl,

Intorfacing problems

Suaceptibility to radio frequoncy in-
torforonce (RFT) Is a common problem
with active balenced inpute. Sirong
radio algnals ¢an oflen ba roctified by
neonlinearities in the input operational
amplifiers or transistora. Although
wideband, low-distortion clrcults will
ba less prone to this problom thay are
tiot Iminune. Therefore any signals
that are outside the range of tho aatlve
ciccuits must be filtered out bofore
they ere ipadveriantly demodulated,
Most manufactururs add small sorigs
resistors and capacitors to ground at
the input torminals,

Inductors may alse be sdded. Indug-
tors are cofl of wiro juat waiting for a
passing magnatic field to snoak [n
Howover If packape shielding is tne
adeuate, they may piek up as much
gorbage as thoy aro supposed to fillue
out, The use of torrolidlal inductors will
usuaily roduce pickup of external
signals substontially. A schematic of a
typical input RPF-rojaction filler ia
shewn in Figure 5. For the roasons
cited above and bezausa of cost, the
inductors ara often omitled. )

The clipping point of activoly
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Figuze . A typloal input RFI fejoction Jiltor,

balanced tnputs and outputs Is ofton
not what you might expegt. Tho active
batanced ouiput singes dlscuased
earllor can deliver as much ns 20V In.
to a high-impedence bolonced load,
Howovoer, whon thoy ara unbalanced
the maximum output (¢ cut in half,
The maximum output specifications
of eny product you intend to use
should include the conditions over

which the level must be|reduced end

the amount of reduction

Qutput floatabllity s ofton unspoals
fied fn the ectively bglanced and
floating ocutputs, When driving =
remote power smplifier in & large
sound roinforcement systom from the
main squipment cluster, ithera ig olten
a larga poteniial difference bolween
chassls. This may bs & [rosult of the
squipment ‘heing on difleront phasos
of the powor line, ALirans ormor
flonting output will have a small
capacllance from the center tap of the
balanced line t9 ground and will in-
duce very little 80Hz cdmmeon modo
onle the line. An active balanced and
Moating output hes an impedance
from aach oulput to grownd, typleally
gevaral teng of thousakda of ghms.
This inducoes @ common meda polen-
tinl botweon the chossiz which must
thon be rojocted by the CMRR of the
balanced difforantial Input.

Mixing balanced and unbnlanced
ouiputs and inputs can bo done if care
{s nken in planning whava signals go
and how wirlng is lo be porlermed,
Simply ramembor that the ground of
one davice Is nat quit tho samo ag the
ground of another. The 'biggest prob.
lems will arfse with patchbays be
cause el outpuls and inpuls are
thrown togother In potentinlly candom
ordar, In thess cireumstancos it is best
if all inpuls are of ong typo and all out-
puts ate of ono typs. Olhorwiso, one
ropitching of an effocts dovica ean
dostroy the &N rutlo of the ontire
gystom,

Althogh active balapead (/O wie
cults are not as good us| transformors
for rofocting ground nolse and RFI,
thoy ace ugually adoquate i well
dosigned. Thelr advantpges In cost,
woight and low distortion genernlly
minke thom the solutien ¢f ¢hoice in all

bul the most difficult uit!unllons. SNC ;
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Figurp 3. One approach to actlva beluncsd
Inputs.

toverted and will cancol when 1t s
addod to the nogative {npul signal.
Both inputs are the game impedance
and con be easily protocted from
overlonds beoause of the large input
resistor. The malching of reslstors
Hinits tho CMRR to about 30dB
without adding adjusiiments. With the
addition of an adjusiment it 18 possible
to achlove B0dB CMRR, but compo-
nont aging witl dograde this substan-
ilally over time.

Tha simplost and least expansive ac.
{ive balanced Inpul is lhe single op-
amp circull shown in Figure 4. Far a
unity gain stogo, all of the rosistors are

MOH 1lstl1la
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made tho same valua, This cirouit
presonts an input impedence to the
lino, which ts difforent for the two
sidos, The positive input impedance
will ba twica that of tha nagativa in.
put. This doos not causs a problem ax:
copt In epplications where many of
thcse inputs are parallpled. This input
has & common-mode rojection ratio
depondent on tho matahing of the four
rosisiors and the balance of [ha source
Impedance. The nolse parformance of
this cireuit {8 usuelly Hmited by the
rosistors and is a teadc-oll betweon
low loading of the line and low noise,

Adding a palr of buffor ampliliers
bofore this eirsult results in an in-
sirumentation grade input. [Sce Flgure
5.) The input impedance la greatly in-

SIMPLE DIFFERENTIAL INPUT
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Figure 4. The simplest end cheapest actlve
bolenced single opamp eireult,
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Flgure 8. An lnslrumunlu;!on grade Inputs

creased and souren impodanco effects
are oliminated. Additional notso 16 ins
truduced by the two nddad op-n_rngs
but the reslstor noise can usually bo
reducad by dropping !npedances, glve
ing a net Improvemont in notso, By
adding roststors to the tnput stage it 14
possibla to add galn while maintain-
ing the low nolse, This galn also In-
crcasos the GMRR by the amount of
the gain in docibals, Howaver, tha
emount of gain that can be used 1s
limfted by the line lovol and the clip-
ping peint of the op-amps.

Actlvo balanced outpuls
Early aquipment with ecliva bal-
anced output stoges wscd the ap-
Emnch in PFigura 6. Tho signal was
uffared o provide one phose of the
balanced output signal, This signol
way than invorled with an op-amp Ine
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vertor to provide the elher phase of
tha output, The outputs are teken
through two resisters, which are oach
onoe half of the dosired source im.
podanca, Because the load Is driven
betwoen tho outputs of iwa op-amps,
the moximum output veltage is about
20V, double that of an unbalanced out.
put. Thig cireuit works reasonably
wall if the load 15 always balaneed, but
it suffors fram two probloms,

Tha First prablom arlges whon driv-
ing unbalanced loads or when one
sido of the slgnal 1s {vadvortently
shorled to ground. I tiwe nogative out-
put 15 shorled to ground by on uns
botanced Ioad connoction, the firet op-
amp s Hkely to distort, This producos
a distortod signal at the other side of

SIMPLE BALANCED OUTPUT
A
R
‘N d Y ‘:l
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Figuzo 8. A simple bajenced oulput,
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Figuzu 7. A romole ground sonsing sutpul,

the putpul. Bvan if the outpul s ar
ranged e have tho signal from the see.
ond op-amp be the one which Is
shorled by unbelonced loads, the
distottod output curront ls Likoly to
show up in tha sutput from couplin
through grounds or cirgult bour
traces. Equipment thot ugos this type
of bulanced oqutput ofton provides a
second sot of output facks, which nre
wired to only ons smplifier for unbal-
anced applications.

The gecond problem fs that the out-
put docs not floal, If there is eny
voltage dilferance (vowor line hum)
between the local ground and the
ground of the device rocelving the
signal I will oppear added to the
signol. The only refection of the
ground nolsa will be from the CMRR
of the input stage at the racetve end,

A few companies offer unbelonced
outpuls Lthat sense ground at the load

VANCOUVER
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ond attompt to reject hum voltage. A
schomntic of such an atrangomont ta
shown in Figura 7, They are notorlous
for probloms drlving long linos, How-
over, in short intecconnect situations
thoy can work well. They de not lend
thomsnlvas to driving several loads in
parallol because thore is mo longer &
single tomote |ground to sonse, Thaoy
elso have e problom patching Inla
othar davicos| bocause they require
that the lood be unbalanced and that
the ground boflaclated frym the patch:
bay or syslem '

Soveral manufncturers are now ofs
foring on elactronicelly #nlunoad and

FLOATING Ar;m BALANGED OUTBUT
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Figuro 8, An eloctronically halancod ond
Jloaling output.
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two Inputs, giving only the di{feronca
betwoon the voltege al the two tor
minals, the output voltage, end
thevofors the gain under this condls
1ion should be zoro, Howover, In prace
tico 1t s not. CMRR is the ratlo of
theso two galns in decibels, The lerger
the numbor the hotter. For exempls, a
p0dB CMRR means thal a ground
signal common to the two Inputs will
have 604B less gain than the differen.
tial signal. If the ground noise is 40dB
bolow the desired signal level, the dif
ferontlal tnput will moke it 100dB

L, GAIN )
COMMON MODE GAIN

below. Howover, {f the ngluwg is
slroady porl of the differontial slgnal
the CMRER will do nothing to imptove
that signal.

Common-mode range is a specifica-
tion of ths largost common-modo
signal that can be handled at the input
without clipplng or other melfunc.
tlon, Virtuelly all sctive input stages
are gdoquale in this paramcter, being
sble to handlo soveral volis of
commons-mode signal, If there {s more
than this in the systam, the grnuudlnﬁ
Is grossly Inadaquate, Howaver, wit

JOURCE

#lgura 3. An Hluatration of cummon-mode rajection raite (CMAN,

1V of common-modo signal the CMRR
of & typical activs input (obout 60dB)
will not provide adeyuate S/N ratio;
time for a transformen

Activa baianeed input circults

One approach to activa holencod in-
puts Is shown in Figure 3, The positive
input Is buffered and invgried by an
invorting op-amp stage. This signal s
now added to the signa) from the
negative Inpul in @ second inverling
amplifier sloge, Any common-mode
signal on the positive inplit has been




