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Several types of single-supply am-
plifier topologies can accept input sig-
nals across the power supplies. In the 
complementary-differential-input- 
stage topology, when the amplifier’s  
inputs are near the negative rail, the 
PMOS transistors are on, and the 
NMOS transistors are off. When the 
amplifier’s inputs are closer to the 
positive rail, the NMOS transistors 
are on, and the PMOS transistors are 
off. For an illustration of this topolo-
gy, see www.edn.com/090423bb.

This design topology has signifi-
cant variations in the amplifier’s off-
set voltage across the common-mode 
input range. In the input region near 
ground, the PMOS transistor’s offset 
error is dominant. In the region near 
the positive power supply, the NMOS-
transistor pair dominates the offset  
error. Both pairs are on as the amplifi-
er’s inputs pass between these two re-
gions. The end result is that the in-
put offset voltage changes between the 
stages. When the PMOS and NMOS 

transistors are both on, 
the common-mode volt-
age region is approximate-
ly 400 mV. This cross-
over-distortion phenom-
enon affects the amplifi-
er’s THD. If you config-
ure the complementary-
input amplifier in a non-
inverting configuration, 
the input crossover dis-
tortion can affect the am-
plifier’s THD1N perfor-
mance. For instance, in 
Figure 1 the THD1N is 
0.0006% if you avoid us-
ing the input transition. If 
the THD1N tests include 

the amplifier’s input crossover distor-
tion, the THD1N is 0.004%. You 
can avoid this type of amplifier cross-
over distortion by using an inverting  
configuration.

Another major THD1N contribu-
tor can be the operational amplifier’s 
output stage. The output stage of a sin-
gle-supply amplifier usually has an AB 
topology. As the output signal sweeps 
from rail to rail, the output stage dis-
plays a crossover distortion similar 
to the input-stage crossover distor-
tion, in that the output stage switch-
es from transistor to transistor. Gen-
erally, a higher level of quiescent cur-
rent through the output stage reduc-
es the amplifier’s THD. The amplifi-
er’s input noise is another contributor 
to the THD1N specification. A high 
level of input noise, high closed-loop 
gains, or both can increase the amplifi-
er’s overall THD1N level.

To optimize a complementary-in-
put-single-supply amplifier’s THD1N 
performance, place the amplifier in an 
inverting-gain configuration and keep 
the closed-loop gain low. If the system 
requires the amplifier to be configured 
as a noninverting buffer, an amplifier 
with a single-differential input stage 
and charge pump is a more appropri-
ate choice.EDN
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 S
ince arriving in the market, CMOS single-supply amplifi-
ers have been beneficial to single-supply-system designers 
worldwide. Key players affecting the THD1N (total-har-
monic-distortion-plus-noise) characteristics of dual-sup-
ply amplifiers are input noise and output-stage crossover 
distortion. The THD1N performance of a single-supply 

amplifier also originates in the amplifier’s input and output stages. How-
ever, the input stage’s impact on THD1N complicates the nature of this 
specification with single-supply amplifiers.

Figure 1 The THD1N is 0.0006% if you avoid using 
the input transition, or 0.004% if the THD1N tests 
include the amplifier’s input crossover distortion.
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