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13.8 SPECIFICATIONS OF A/D CONVERTER

Some important specifications, namely, accuracy, differential linearity, conversion time,
input voltage range and resolution of A/D converters are discussed below.

Resolution

The resolution refers to the finest minimum change in the signal which is accepted for
conversion, and it is decided with respect to the number of bits.

It can be defined as resolution= 1/2" where n is the number of digital output word

bits. The ratio of the full-scale input voltage range V. to the resolution gives the
minimum change of input voltage which can cause a change of 1 LSB at the output.

This can be expressed as

Av.for 1 LSB = 'S | 13.18
v for e (13.18)

where V. is the full-scale input voltage range.
If the number of bits

used to represent a signal is larger, then the resolution
2-bit word is used, a maximum of 256 distinct values are

The digital output S
scale input voltage whic
full-scale voltage range.

h will cause the output to be all logic 1s is 1 LSB less than the

; axim
where v ¢ 18 the m




Quantization Error

A digital error in an A/D converter is based on the resolution of the digital system. In
A/D conversion, a continuous analog voltage is represented by an equivalent set of
digital numbers. When the digital numbers are converted back to analog voltage bya
D/A converter, the output is a staircase waveform, which is a discontinuous signal
composed of a number of discrete steps. The smallest digital step is due to the LSB and
It can be made smaller only by increasing the number of bits in the digital representation.
Thus error is called quantization error, or digitizing error and it is commonly the bit.

3 1

As shown 1n Fig. 13.13 (b) the digital output is 011 for all values of P Y. i—-z-LSB .

Therefore there is an uncertainty about the exact value of v. when the output is 011.

This uncertainty is called the quantization error and its value is + — LSB .

2
Increasing the number of bits of A/D converter results in finer resolution and
smaller quantization error.

Analog Error

Analog error in an A/D converter is mainly due to variations in the dc switching point
of the comparator. The variations in switching are mainly due to offset. gain and
linearity error of the operational amplifier used in the comparator. The other sources of
analog error are the resistors in the A/D converter, the reference voltage source and
the ripple and noise introduced by the circuit components.

Linearity Error

This 1s an important measure of A/D converter performance. It is defined as a measure

of the variation in voltage step size. This indicates the difference between the transitions

for a minimum step of input voltage change. This is normally specified as a fraction of
1 LSB.

Differential Nonlinearity (DNL) Error

The analog input levels that trigger any two successive output codes should differ by

I LSB (DNL = 0) for an A/D converter. Any deviation from 1 LSB value is defined as
DNL error.

The counter type and continuous type A/D converters normally have better
differential linearity than successive approximation type A/D converters.
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Fig. 13.15 A/D converter characteristic with a missing code

Dither

The performance of A/D converters can be improved using dither
<http.//en.wikipedia.org/wiki/Dither>. This is a very small amount of random noise
(white noise <http://en.wikipedia.org/wiki/White_noise>) which is added to the input
before A/D conversion. Its amplitude is set to half of the LSB value. Its effect is to
cause the state of the LSB to randomly oscillate between 0 and 1 in the presence of

very low levels of input, rather than sticking at a fixed value. Instead of the signal

| ' | ich is only being quantized to a
5 ¢_off altogether at this low level (which is only
el o : ffective range of signals that the A/D converter can

resolution of 1 bit), it extends the nge o & :
convert, at the expense of a slight increase In n01sle. Thtl)l.s, ?enilg?:ttf:;“a’i em:;x 13

' : - ' which is far less objectio . ard cut-
diffused across a series of noise v8 e f the signal over time. A suitable filter at

off. The result is an accurate representation o AR
the output of the system can thus recover this small siglh

Conversion Time "y
| ue Into 1ts
r an A/D converter {0 convert an analog 1nput val

onversion time.

Input Voltage Range or campgeRbe its input without causing

[t is the range of volta'ge' t
any overflow in the digital output.




