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SAR-converter inputs

t is tempting to drive a SAR (successive-approximation register)
ADC with just an amplifier. As an added benefit, you might try to
configure the amplifier circuit in a gain or antialiasing-filter stage.
These enhancements seem reasonable as you try to optimize your
device use. However, did you think about whether you would com-
promise the effectiveness of your op-amp/converter pair (Figure 1)?

If you need good, accurate perform-
ance at dc as well as ac, regardless of your
throughput rate, the analog-input stage
of the SAR ADC requires special atten-
tion. The model of the input stage of
most modern ADC:s is a resistor/capac-
itor pair with two switches and a volt-
age source (Figure 2). The resistance,
Rq, In the converter's input is the
closed-switch resistance. This switch
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closes during the acquisition time of the
conversion process and opens during the
conversion time. The converter uses
capacitance, C,,, which is the total of
the distributed on-chip capacitance, for
the input-signal-sampling process.

First and foremost, you need to give
sample capacitor C,, enough charging
time to reach at least %2 LSB of the final
value. Theoretically, for a 12-bit con-

Figure 1 An improperly
driven, 12-bit SAR
ADC can produce
unwanted noise and

verter, enough time would be more than
eighttimes Ry, XC . Given error mar-
gins and component variations, you
should use multiples of 10 to 15. The
SAR converter needs an op amp with a
gain of £1V/V, along with an R -C,
external resistor/capacitor pair. During
sampling, the ADC uses capacitor C
for signal stability. Resistor R, isolates
the amplifier from the ADC’s load
capacitance. The op amp isolates the
ADC from high-impedance loads and
drives C, and C,,, facilitating a quick
charge time while the ADC is sampling.

Design this seemingly simple circuit
with the following guidelines. C  is a
silver mica or COG dielectric-type
capacitor. These types of capacitors pro-
vide stability to the voltage and fre-
quency coefficient of C,. Capacitors
such as X7R, Z5U, and others have sig-
nificant voltage and frequency “mem-
ory” and might degrade the converter’s
total-harmonic-distortion  perform-
ance. At a minimum, the value of C
is greater than 20 times C,,. You deter-
mine the value of R, using the ADC
internal resistor and capacitor values.
The time constant of the final values of
CnandR, is70% of the C, /R, time
constant, with a value of 50Q<R <
2 kQ. Finally, the op-amp circuit, with
C,and R, installed, should be able to
settle to your converter’s resolution and

still drive a step-response signal. You can
prove this function with bench testing
(Reference 1).

harmonic distortion. In
this diagram, the SNR
(signal-to-noise ratio) is
69.76 dB full-scale, and
the THD (total harmon-
ic distortion) is —63.34
dB full-scale for a con-
verter that performs at
an SNR of 71.82 dB
full-scale and a THD of
78.82 dB full-scale.
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NOTES: PEAK-TO-PEAK OUTPUT=4.72V. INPUT FREQUENCY=1 kHz.
OP-AMP GAIN=2V/V. SAMPLING FREQUENCY=100 kHz.

SAR ADC

Figure 2 The input
structure of a SAR con-
verter initially has a
sample-and-hold capac-
— — itor, Cg,,, following a
switch, S,, which con-
trols the sampling time.
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NOTES: Rg,=20 TO 1000W.
Cgy=5 TO 50 pF.
V,s=GROUND TO 5V.
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