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DIFFERENTIAL NON-LINEARITY CORRECTION FOR SUCCESSIVE APPROXIMATION ADC
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Abstract: In this paper a new method to
correct the differential non-linearity (D
NL) error for a successive approximation
is proposed. The DNL of ADC is very im-
portant characteristic in the field of
radiation pulse height analysis or meas-
urement of probability density function.
The results of computer simulations are
shown to demonstrate the feasibility of
the proposed correction method.

l.Introduction

The ADC which is used in a multichannel
pulse height analyzer (PHA) or a measure-
ing instrument of probability density
function must have excellent differential
linearity. Because of 1its good differ-
ential linearity and simple circuit, the
Wilkinson type is still extensively used
as an ADC for pulse height analyzers,but
it has comparatively long conversion time.
The successive approximation type ADC has
quite short conversion time and is easy
to get,but has very wrong differential
linearity. The "Sliding Scale Method"
by Gatti was introduced about 25 years
ago to compensate the channel width in-
accuracies of successive approximation
ADC. The aim of this paper is to propose
a new method to correct the DNL error of
amplitude distribution curve which is
measured by successive approximation ADC.
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2. DNL analysis of successive
approximation ADC

Block diagram of successive approxima-
tion ADC is shown in Fig.l. It is clear
that the largest cause for the DNL error
of successive approximation ADC is the
differential linearity of D/A converter
(DAC) in it. The basic ADC circuit (lad-
der resistor network) is shown in Fig.2.
where, Ig :Constant current, G:Conduc-
tance, I;-Ig:2" weighted current, n:nodes
for circuit analysis. For the ladder re-
sistor network in Fig.2, we can get the
circuit equation in the form of a matrix
equation (l). Where, i,-ig are the cur-
rent flowing into the nodes nj-ng respect-
ively. and vj-vg are node voltages re-
spectively. 1i;=Ig,ig=iz=---=ig=0

Solving the equation (1) with respect
to vi-vg, we get the output current of
DAC.

Since the registors which are used in the
DAC are not ideal,the output current of
DAC is not olso ideal. Moreover,it is im-
possible to obtain the ideal semiconduc-
tor switch.

The differential linearity error of DAC
is the amount of deviation of any quantum
from its ideal value. In cother words, 1t
is the deviation in the analog difference
between two adjacent codes from the ideal
value of Full scale range/2%.

The output current is explained as fol-
lows,
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Block diagram of successive approximation ADC.
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Fig.2 Ladder resistor network.
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_ 3. Establishment of algorithm for
= SyIytsyl e -+sgly (2) DNL error correction
Where,sl-SB are the DAC input code Investigating the characteristics of
0 or 1. DAC in Fig.3, we can assume that the S
channels increase X [%] (XZ0) and the
The channel width AV, are proportional remaining N-S channels decrease £ (%] (S
to the output current “difference of DAC, 20) when just one resistor deviates in-
dependently from the ideal. Then we obtain
Avkc‘:(lout,k+l_lout,k) 3) the eq%;tion,
The differential non-linearity error AVx —x 8 = Z‘szix (N-S) (5)
D is defined as 100 100
NL _—
A max.[det.(av) - 4V)] This reduces to,
€ o = — X 100 (%)
Av (4) s = B(n-s) (6)
Where, max.[-] gives maximum value .
det.(-) gives absolute value More over, we obtain,
AV is average of AVk
Fig.3 shows the channel width excursions 2 C‘ . N-8 C,r. 3 N-3
from the ideal when one of resistor de- S St +Z ¢ _ZC *ZC
viates 1[%] from the ideal. The MSB re- £ -« S, ¢ ﬁ&
gistor generates the biggest DNL. The G e }=4 f-— =1 d‘f
LSB registor generates small but many DNL. 100 0o (7)
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Where, C (1 1,2, +,8) are the counting
data of 1ncreased channel width. Cr ](3_
1,2,+-+,N-8) are the counting data of de-
creased channel width. That is to say,
the sum of compensated counting number is
equal to the total non-compensated count-
ing number.
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Fig.3 Excursions of Vk from the ideal

when just one resistor deviates
independently fron the ideal.

We now solve equation (6) and (7) for
the correction coefficients ( and }ﬂ .
We thus obtain,

N-S
A= [Xem—— — Y] / (X+Y) (8)
s

s
B = [X—~ Y- ——1] / (X+Y) (9)

N-8

Where,

ad X (10)
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B = — (11)
100
A _S
X = ZZZZCS’i (12)
i=1
A N-8
Y=3"Tc_ . (13)
j:l r':]

Employing the solusion A and B, we can
establish the following algorithm in the
form of a flowchart in fig.4.

START

Computation of X
Computation of Y
Computation of A
Computation of B

Increasing channel width
counting number (1+3)

Decreasing channel width
counting number (1-B)

\ .
Increment weighted
current number

All current
number ?

No
Yes

END
Fig.4 Flowchart for the proposed DNL
error correction algorithm.

First, we compute the sum X and Y. And
next, we compute A and B using X and Y.
Then we multiply (1+A) to all channels
of which the channel width is increased.
And next, we multiply (1-B) to all chan-
nels of which the channel width is de-
creased. We repeat this procedure for
all weighted current number. If necessa-
ry,whole procedure is repeated.

4. Computer simulations

On the assumption that a Gaussian dis-
tributed random pulses are exist in the
background pulses, the computer simula-
tions are carried out. A personal com-
puter and the BASIC language are used.

The results are shown in Fig.7 and Fig.
8. As we can see in Fig.8, very small
standard deviation is used for the sig-
nal. Nevertheless, the DNL error is well
corrected. It is evident that if we use
some smoothing technique to reduce the
DNL error, for example "the mooving av-
erage",the signal will surely destroyed.
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5. Conclusions

A new algorithm to correct the DNL of the
successive approximation ADC is proposed
in this paper. The remarkable feature of
this method is that the effect of DNL er-
ror correction is independent of temper-
ature. This method does not disturb the
fastness and the dynamic range of the
successive approximation ADC.
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