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requires 4,095 parallel comparators. When a voltage is applied to the flash circuit, one or more com-
parators may emit a logic 1. A priority encoder generates the final N-bit output based on the highest
comparator that is emitting a logic 1. This circuit is called a flash ADC, because it is very fast; an an-
alog input is converted to a digital sample in one step.

Flash ADCs are fast, but their complexity doubles with each added bit of resolution. Such ADCs
are available with maximum sampling rates over 100 MHz and resolutions between 8 and 16 bits
from manufacturers including Analog Devices, Intersil, National Semiconductor, and Texas Instru-
ments.

When very high sampling rates are not necessary, alternative ADC circuits are able to accomplish
the task with lower cost and increased resolution. High-quality audio applications commonly use 24-
bit ADCs with sampling rates of either 48 or 96 kHz. Below 16 bits of resolution and 20 kHz, many
inexpensive and low-power ADCs are available. successive-approximation and sigma-delta ADCs
are manufactured by the same companies that make flash ADCs. In addition, Crystal Semiconductor
offers a line of ADCs optimized for digital audio applications.

A successive-approximation ADC uses an internal DAC/comparator feedback loop to home in on
the digital code that corresponds to the applied analog input. Figure 15.11 shows this feedback loop
along with control logic that varies the code until the DAC output matches the input. Relatively
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FIGURE 15.10 Flash ADC circuit.

Conversion
Logic

Digital Samples

Output from
Sample/Hold

+

–

DAC

FIGURE 15.11 Successive-approximation ADC circuit.
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dumb control logic could simply increment the code starting from 0 until the comparator’s output
changed from high to low. This would mean that an N-bit ADC would require up to 2

 

N

 

 cycles to per-
form a conversion. Instead, a successive-approximation ADC performs a binary search to accom-
plish the same task in only N cycles. A digital code of 0 is used as a starting point. Each bit in the
code, starting from the most significant bit, is set, and the comparator’s output is tested each time. If
the output is low, the DAC voltage exceeds the input and, therefore, the bit that was set should be
cleared. Otherwise, the bit is left set.

To illustrate how a successive-approximation ADC functions, consider an 8-bit ADC with a range
from 0 to 5 V and an input level of 3 V. Each conversion quantum is 19.61 mV. Table 15.1 lists the
eight sequential steps in performing the data conversion. In reality, the hypothetical ADC circuit
may output 0x98 or 0x99 with a 3-V input, depending on the ambient electrical and thermal condi-
tions. When an input is on the border between two quanta, slight changes in supply voltage, noise,
and temperature can skew the result up or down by one digital code. The final result is chosen as
0x98, because the next code, 0x99, corresponds to a voltage that is slightly higher than the input
voltage. This gets back to the concept of conversion accuracy. Manufacturers specify ADCs with
worst-case accuracies. Additionally, the parameters of the circuit into which they are designed can
further degrade the conversion accuracy. 

A sigma-delta ADC over-samples the input at very coarse resolution: one bit per sample! To cre-
ate a high-resolution sample, a typical sigma-delta ADC oversamples by 128 or 256 times the nomi-
nal sampling frequency and then passes the serial samples through a digital filter to create a usable
set of N-bit samples at the nominal sampling frequency. The basic theory behind a sigma-delta ADC
has been around for a long time, but its practical implementation is more recent because of its reli-
ance on digital filter logic, which is now inexpensive to manufacture on an IC. Figure 15.12 shows a
sigma-delta ADC incorporating a voltage summation stage, an integrator, a comparator, a 1-bit DAC,
and a digital filter. The summation stage subtracts the DAC output from the input voltage. The inte-
grator is a circuit that accumulates the resulting sum over time.

For a given input, the sigma-delta circuit will emit a serial set of samples with an average DC
value over time that equals the input voltage. The integrator keeps track of the difference between
the input and the DAC feedback voltage. When the comparator sees that this running difference ex-
ceeds 0, it causes a negative feedback through the DAC and summation stage. When the difference is
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15.1 Eight-Bit Successive-Approximation Conversion Steps

 

Cycle Test Code DAC Voltage Comparator Output Resultant Code

1

 

1

 

0000000 2.51 1

 

1

 

0000000

2 1

 

1

 

000000 3.77 0 1

 

0

 

000000

3 10

 

1

 

00000 3.14 0 10

 

0

 

00000

4 100

 

1

 

0000 2.82 1 100

 

1

 

0000

5 1001

 

1

 

000 2.98 1 1001

 

1

 

000

6 10011

 

1

 

00 3.10 0 10011

 

0

 

00

7 100110

 

1

 

0 3.02 0 100110

 

0

 

0

8 1001100

 

1

 

3.00 0 1001100

 

0
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