
Subranging ADCs Operate at High Speed with High Resolution
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Subranging A/D converters offer performance levels diffi cult to obtain with 
successive-approximation or fl ash converters. They can deliver higher conver-
sion speed and resolution and suit such applications as digital signal process-
ing. Part 1 of this 3-part series explores the architecture and operation of these 
devices. Part 2 will cover subranging-ADC parameters and specifi cations. Part 
3 will conclude the series with test and measurement principles.

The subranging, or multipass, A/D converter has become increasingly popular 
in the last few years. A major reason for this popularity is digital signal pro-
cessing, which demands high conversion speeds and resolution. The traditional 
successive-approximation converter has reached its speed-resolution limit 
(about 1 μsec for 12 bits) and can’t meet the demands of many applications. 
Although fl ash converters offer high speeds, a practical limit exists to the reso-
lution they can provide because the number of comparators rises exponentially 
with the number of bits. A 12-bit fl ash converter, for example, does not exist. 

A fl ash converter, however, is an essential part of the subranging-ADC archi-
tecture. Designers have a wider choice of fl ash converters than they did a few 
years ago, and today’s devices have signifi cantly better 1 performance and 
lower prices (approximately $10 for an 8-bit fl ash converter in OEM quanti-
ties). Semicustom design has also helped spur subranging-ADC manufacturing 
because the devices inherently require more components than successive-
approximation converters. Integrating the timing and correction logic on 
a single chip greatly reduces cost, the number of active components, and 
assembly and reliability problems. 

The three types of subranging-ADC architectures are conventional, pipelined, 
and intermeshed; each type best suits certain applications. All subranging 
ADCs—whether the device is a hybrid IC or ICs and discrete components on a 
pc board—contain at least a sample-and-hold (S/H) circuit, a D/A converter, a 
scaling network, and timing and digital-correction logic. 

The conventional subranging architecture (Fig 1) is a 2-stage A/D converter. 
With S1 closed and S2 open, the S/H circuit switches to the hold mode. The 
fl ash converter then quantizes the input signal, VIN. After proper scaling, the 
D/A converter converts the digitized and latched signal back into an equiva-
lent voltage. This voltage is subtracted from the original input signal at the 
summing junction, yielding the difference between the fi rst conversion and 
the input signal. The closing of S2 and the opening of S1 feeds the difference 
signal back to the fl ash converter, which amplifi es and digitizes the signal. After 
latching, the result of this conversion goes through the digital-correction logic 
to produce the output. 

Fig 1. A conventional subranging ADC uses an S/H 
circuit, a fl ash converter, and a D/A converter.
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