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FIGURE 3: Balancing the PA s input impedanees for a single-

ended (non-flooting} circmit,
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fain comrmon-mode signals within
thernselves (Fig. 1.

Because a common-meode signal 15
the average level of the sigaal, it is im-
perative to balance the differenitial in-
put stage. Each side of the differential
pair or wansistor mnst be symmerricat
and match Matchimg the component
characteristics of one side of the differ-
ental stage to those corresponding cle-
ents on the opposite side improves
common-mede rejection and decreases
thermal drifts. This inchides the sourcc
mmpedances seen by each side as well
as transistor/tabe mismarching, in-
equality of load impedances, and un-
equal voltages aod currents. They muest
all be balanced.

Stmdard Rejection

hast becanse 2 cironit accepts a floating
inpur signal does not mean ir is a bal-
anced cirouit. For example, unequal -
put impedances fom each inpurt to com-
mmon contribute to errps. Figure 2 shows
CME improvements of a cirenit topol-
ogy similar to Borbely's line-level am-
plificrs {Hafler X1.250, data cirea 1985.)
Eorbely's (znd others') TAA circnits are
highly nnbalanced in their input-stage
impedances.

MNevertheless, balancing the mped-
ance [AC) wasily Inproves its cotoamom-
mode rejection seen by each differenttal
Inpurt-stape wansistor. This procedure is
not as simple as making the ciroig
resisvor values equal at each of the in-
puts. The process roust alse melnde
source-output impedsnce driving the
amplifier, which wsnally varies with
frequency.

For norw, this common-mode rejec-
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1100 Improvement is not possible onoa
large scale becanse standard-source out-
put impedapes docs not exdst. If we
cowld settle on a standard—such as 500
or 100iG—all power amplifiers would
have the abiliry to offcr their best com-
mon-made rejection capability.

Indulgence

Figuze 3 depicts how [ tune a single-
ended [non-floating signall power am-
plifier for hewter CME, (Common Maode
Rejection). With the proper test eguip-
ment and cxperience, you can learn to
improve the perlormance and sound of
your audio equipment from this exam-
ple. The objecy is to march the Imped-
ances recognized by each transistor's
differemtial amplifier input. Cenerally,
the sidc receiving the feedback signal
repisters the pain-setting resistor's ap-
proximate valvue, typically 16001k,
MNow, i your source, or preamplifier,
impedance 13 lower than this, we com
2dd resistance ta the source input |+
side of the power amplifier's differen-
tial ztage te balanee the two mped-
ances (prescnced o the differcotial in-
put stage). If your sowree impedance is
slightly higher, you may be able to re-
duce the preamp-outpat series Tesistor
to 2 low enough value.

I applied the same signat to both in-
puts and monitered the ourput of the
power amplifier. To do this properly,
TOU MOst CONNECT ToUY preamp Or au-
dier cquipment {tumed on ezt no muo-
sic) to your power amplifier with the
interconmect cable you normally use for
listening. The inpurs {+] and [} are
connccted by ngng a pair of 10K WW

registors matched to within 0.1% -
rectly to the FET gatcs of the power-
amplifier differential pair. When both
nput impedsnecs are equal, common-
mode outpat from the power amplifier
will be minimal. [ mwerted a small aam-
e potcniiometey [S00E-1kG) on the
power amplifter PCB in series with the
inpar mid a trimrmer capacitor to groumnd
I order to make the adjustments. I ad-
fusted the series resistance ar 1Hz and
the added capacitance for minimam
output at 20kHz. This method custom
tunes the systern for best performance.
H you changs the cquipment or cable,
vou must oake the adjustment again.

Further improvernents In CMRE place
circuit-ropology refinerments is beyond
the reach of non-designers. Before we
indolge in pexhaps self-defeating, owverly
complex cirownity, Jet us at least ger the
eircuits’ mput and ontput impedances
tly halanced. It makes a difference.

I you find the resuits of balancing
the differential stape convinging, vou
will agree that we are missing our on
a very important arce of testing and de-
sign. Designers can develop better bal-
anced differential cirendts from inpusr o
vutpat if they consider the benefits
bevond noise concerns. Better differen-
tial civenins will lower distortion due 1o
the reduction in commem to dif-
feental-mods conversion,

If apalog is to contivoe to provide the
best possible performance, standard in-
prat antd output impodances will go a
long way in helping applications engi-
neers and desigoers accomplish the task
and tale 2 ‘'mysterious” variable——
equipment interaction—oaouat of the sub-
jective equation. |



