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The trend toward designing single-
supply op amps started in the 1970s 
with a single differential-input stage 
that spanned a portion of the com-
mon-mode input range. Later, design-
ers added a second, or complementary, 
differential-input stage. The two stages 
shared, with some distortion, the rail-
to-rail input operation across the com-
plete amplifier’s rail-to-rail common-
mode range (Reference 1). Neither of 

these approaches produced an amplifi-
er adequate for the high-precision sys-
tems to span the amplifier’s full com-
mon-mode input range.

Eventually, IC designers borrowed 
a technology from other devices to 
solve this problem. They began to use 
the all-too-common charge pump to 
push a single differential-input stage 
of the amplifier above the positive-
power supply (Figure 1). Amplifier 
designers place the switching mech-
anism’s frequency above the amplifi-
er’s bandwidth and keep the switching 
noise lower than the amplifier’s ther-
mal noise floor.

The single differential-input stage 
with a charge pump buys you a 20- 
to 30-dB increase in the amplifier’s 
CMMR (common-mode-rejection ra-
tio). This increase has a positive effect 
on amplifiers in buffer configurations. 
You can also expect almost a tenfold 
decrease in the amplifier’s THD (to-
tal-harmonic-distortion) performance. 
So, if you use an amplifier that has a 
charge pump in its input stage to drive 
high-precision SAR or delta-sigma 
converters, your system’s performance 
will improve.

For example, the THD of an ADC 
driven by an op amp in a buffer con-

figuration is the root-sum square of 
distortion contributions of the ADC 
and op amp. In this configuration, the 
system THD is:

where THDOPA520log(THDOPA2%3 
100) and THDOPA2% is the THD spec-
ification in the operational amplifier’s 
data sheet in units of percentage.

Using these equations, if an oper-
ational amplifier with a complemen-
tary input stage has a THD specifica-
tion of 0.004%, with an input voltage 
of 4V p-p, and the 16-bit SAR ADC 
has a THD specification of 299 dB, 
the system THD is 288 dB. Alterna-
tively, if the op amp’s input stage has 
a charge pump with a THD specifica-
tion that is 0.0004%, the system THD 
becomes 298 dB.

Single-supply amplifiers continue  
to keep pace with high-resolution 
converters because engineers imple-
ment innovative amplifier-circuit to-
pologies, such as an input stage with 
a charge pump. The charge pump is a 
good stopgap; however, engineers con-
tinue to demand lower system pow-
er supplies and insist on better signal  
integrity.EDN
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The non-negotiable single-
supply operational amplifier
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 F
undamental analog devices that serve applications such as 
high-resolution delta-sigma or SAR (successive-approxima-
tion-register) converter systems are feeling the crunch from 
amplifiers that have difficulty with achieving good rail-to-
rail input performance. The simple rail-to-rail operational 
amplifier must have a transistor design that spans the power 

supply with minimal distortion.

Figure 1 In this configuration, a charge 
pump pushes a single differential-input 
stage of the amplifier above the posi-
tive-power supply.
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