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Substituting (A1) and (A2) into (A3) and recognizing that the
integral of Vo squared is the mean squared and the integral of
the absolute value is just the mean average deviation (MAD),
the following results for efficiency:

2
VOrms

€= x 100%.
Vs x Vomap

(A4)

Itis worth noting that the denominator in (A4) is only propor-
tional to the average dc current drawn from the supplies, since
the negative term in (Al) always cancels the posifieterm
in the denominator of (A3). This fact will simplify later compu-
tations. For a perfect amplifiel] s is equal to the peak output
voltageVp. Taking the expression in (A4), efficiencies for the
amplifier system in Fig. 12 processing sinewaves and square-
waves yield the familiar results

V3/2

g(sin) = ATy 78.54% (A5)
2
e(sqr) = VPVTPVP = 100%. (AB)

The DMT waveform is modeled as Gaussian-like noise with a
standard deviation of sigma (the rms value). The mean average
deviation of the waveform is computed as follows:

e €T 2 2
Ve =2 ——=e /% A7
oAAD /0 e (A7)
= 2 o (A8)
™

Substituting (A8) into (A4) and remembering tHat is the CF
times sigma (the rms level), the efficiency of the above Class
AB systems processing a noise like waveform is

The chip was fabricated in a high-voltage, trench-isolated,

complementary bipolar process utilizing SOl bonded wafers. V2.
The IC was packaged in both a 28TSSOP EPAD and 32LFCSP

for evaluation.

APPENDIX

e(noise-like) =

(A9)

V;ms'CF"/rms'\/%
T 1
_Mgﬁxloo%.

(A10)

Itis useful as a starting point to derive the maximum possibigye expression in (A10) is interesting as it directly relates the
efficiency of a class AB amplifier driving a resistive load. If em'efﬁciency of a Class AB system driving a DMT noise-like
ciency is defined as the power out divided by the power out pliggyssian waveform to the CF of that waveform. For example,
the power dissipated in the amplifier (assuming zero quiescefif iqeal amplifier (no quiescent curredt) with a CF of 5.3

power), the efficiency can be derived knowing just the outpie minimum for ADSL) has a maximum theoretical efficiency
\oltage (Vo) and the supply voltagé/s). Fig. 13 presents this o oy 23.6%.

condition. Some definitions are as follows.
Total power consumptions is defined as

v
Pp = / [Vs—Vol- M. (A1)
Ry,
Power delivered to the load is defined as
V2
PA = Orms A2
o=~ (A2)
and the efficiency of the system as
P,
© % 100%. (A3)

e= —"F—
Pp +Po

There are practical limits to this efficiency. Practical line
drivers must include provisions for back-termination of the
line impedance and coupling losses, each consuming power. In
general, the power supplies are some factbr{ CF’) times
the rms output voltage to include headroom. Quiescent power
P, must be included also. Equation (A10) then modifies to

1
E= ——
A2+ 12
With (A11), a Class AB amplifier with a quiescent powgg

of 120 mW (24 Vx 5 mA), driving 20.4 dBm, with a CFA4) of
5.3, into 1002 on +12-V supplies, has an efficiency of 18.4%.

x 100%. (A11)
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To extend this analysis to a multisupply system, the powtre moment) flows across the total secondary supply for a power
must be computed in two regions: from the origin to the valumipplied ofV's x I;. So if the secondary voltage in the Class
of the first supply (switching point) and from this point to theG circuit is twice the supply voltage of the ALP™ circuit and
value of the second (higher) supply. The power dissipationtise primary supplies are equal, the two efficiencies would be
related to the sum of the contribution from the two regions equivalent. At the maximum efficiencyy = 2.02, the ALP™

has a slight advantage as shown in Fig. 3.

Pp o< (Vs1Vomapt = Vims1) + (Vs2Voman2 = Virmsz) - The final form of the efficiency equation, to include head-

room and quiescent power for Class G is

(A12)
. 100%
As mentioned before, only the MAD component need be eval- € = (A18)
uated Al\/g (1 _ e—A2/2) 1+ Ay \/ge—AQ/Q + Ilz_g
VoMap = 2/ LS (A13) whereAl is primary voltage in standard deviation$2 is the
o oV2r secondary voltage, and is now the point where the output
Evaluating the integral for the two regions yields current commutates between the two supplies.
For the ALP™ case we have
2 2 2
z _ [ = _ —x°/2c0
Vomapls =1/ - (1 e ) (A14) .= 100% (A19)
Al\/g (1 — 6_A2/2) + 2A1\/§6_A2/2 + g—g
Vomaply =4/ = ge 127", (A15)
0 where A1 is the supply voltage and is again the switching

For a final result, several substitutions will be made and simpRQint, in standard deviations.

fication done to obtain an efficiency equation for these ampli-

fiers. First,Vs; (the lower supply) will be set to some numbér ACKNOWLEDGMENT

of standard deviations and the higher supply to some factor g authors gratefully acknowledge contributions from the
B, the maximum number of standard deviations needed, a9g{f\mington Fab/Prototype Assembly, members of Analog De-
the minimum that3 can be is equal to the crest factor, CF. Thgjces communications Division, P. Commerford for the evalua-

end result is as follows: tion board design, and S. Robichaud for layout. A special thank
Py o you goes to L. Counts for the numerous technical discussions
€= Pp+ Po + Py *100%. (A16) Sulring the development of this chip and preparation of this ar-
icle.
Finalizing into the same form as (11) yields
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