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Analog-to-Digital Coaverter Circult

The present invention relates to an analog-to-digital
(A/D) converter circuit, more specifiéaily to an A/D
converter circuit capable of removing.an offset in an input of
an analog signai.

A conventional A/D converter circuit for efficientlj
performihg analog to digital conversion by biasing the
input signal level by a predetermined ievéi is constructed
as illustrated in FIG. 9. That is, the analog signal
applied to an analog.sign;l input. terminal 1 is first
applied to a bias voltage summing circuit 2 in which a bias

voltage from a bias voltage generation circuit 3 is summed

with the analog sinal before bging applied to the A/D

converter circuit 4. The A/D converter circuit 4 is

provided witnlgﬁhighﬁpotential reference voltage input

terminal 5 and a.low potential reference voltage input

terminal 6 for quantizing the analog signal in the voltage

range from the low potential ;eference voltage to the high
potential reference voltage. If the number of quantization Lo

bits is, for example, 8 bits, the output from the A/D

converter circuit will be OOH when the input is equal to ..
the low potential reference voltage. On the other hand, o
the output will be FFH when the input is equal to the high
potential reference voltage. L

The A/D converter 4 may be operated with a single dr a
dual voltage source., The following conditions must -be mst

between the reference voltage and the power supply
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voltages:

voltage of the negative voltage source = low

potehtial refgrence voltage é! high potential

reference voltage & voltage of the high b_otential

source. ' | |

Accordingly, 1f the A/D converter is driven by, for
example, a single voltagé.source of +5 volt, the minimum
voltage of the analog input signal must. be 0-(= negative
power source voltage = low potential refefénce voltage).
On a case of an input analog signal changing to positive
and negative voltages around the 0O center voltage, a bias
voltage is added by the bias voltage summing circuit 2 to
shift the input.signal voltage varying from 0 volt to the
high potential reference voltage before analog to digital
conversion. In this case, summed wifh the input analog
signél is one-half of the high potential ;gfergpce voltage
as the bias voltage, thereby outputting'SO”H from the A/D
converter when 0 volt input is applied to the bias voltage
summing_circuit.i |

Iq the conventional A/D converter circuit described -
above Has a problem to cause offset in the output of the
A/D converter. For example, a voltage:divider circuit to S
divide the reference voltage may be used for obtaining the -
bias voltage. quever,.it is difficult to obtain a desired
resistance ratio ‘because of tolerance of resistors. e

Setting a desired resistancé ratio using a variable

~resistor-or a potentiometer is not stable enough due to

aging, temperature variation, etc. Accordingly, the bilas
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voltage may be subjected to considerablée changes due to
aging, temperature variation, accuracy of parts, etc.
Also, there may cause offset in the analog signal before
sumﬁing with the bias voltage due to the electric
characteristic of the amplifier for amplifying the aﬁalog

signal.

It is therefore an object of the hresent invention to
solve the above problem and to provide an.k/D converter
circuit capable of removiné the offset.in the output from
the A/D converter circuit.

In the present invention, any offset from the ideal
value of the average voltage in the input 51gna1 to the A/D
converter circuit is detected by an offset detectlon
circuit. In a first embodiment of the invention, the
deteeted offset is subtracted from the digital output data
from the A/D converter to compensate the digital output
data by removing the offset in the analog signal and the
bias voltage from the output data from the A/D converter.
Alternatively, the bias voltage is modified by the detected
offset:detection circuit in such a manner that the average-
voltage in the input signal to the Afﬁ converter is equal
to the ideal voltage, thereby not causing any offset in the
output from the A/D converter. Here, the modification in |
the bias voltage means that the bias voltage 1s made to be
equal to the ideal bias voltage and that the offset voltage
in the analog signal is canceled.

. Other objects and features will be clarified from-—the
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following description with reference to the attached

drawings, in which

FIGURE 1 is a block diagram of one émbodiment of the
A/D converter circuit according to the present invention;

FIGURE 2 is a drawing to ekplain how the offset
detection circuit in FIGURE 1 operates;

FIGURE 3 is a flowchart to explain the operational
step of the offset detection circuit 8 ang'the subtractor 7
in FIGURE 1.

FIGURE 4 is a flowchart to show the operational steﬁs
of the offsef detection circuit 8 and the subtractor 7 in
FIGURE 1 for corredting unlimited number of input samples
subsequent to the sample used for determining-the:offset
voltage; o o

-FIGURE 5 is a flowchart to show the operational steps
of the offset detection circuit 8 and the subtractor 7 for
correcting only-predetermined'number N' of input samples
‘subsequent to the sample used for determining the offset
voltagg; -

FIGURE 6 is a block diagram of another embodiment of
the A/D converter circuit according f; the present
invention;

FIGURE 7 is a block diagram of yet another embodiment
of the A/D converter circuit according to the present
invention;

F;GURE 8 is a block diagram ‘of the bias voltage

summing circuit in FIGURE 1; and R
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FIGURE 9 is a block diagranm of & cérnventioral A/

converter circuit.

Preferred embodiments of the present invention will be
described hereunder by reference to tﬁe accompanying
drawings.

Illustrated in FIG..l is a block diagram of a first
embodiment of the A/D converter circuit. according to the
present.invention in which like refefence-;umerals are used
to represent similar elements to those in FIG. 9. A first
embodiment features the addition of a subtractor 7 and an
offset detection circuit 8.

The analog signal to be applied to an input analog
signal inpﬁt terminal 1 has a known average voltage but is
offset as described abo?e Samples of the input signal
will be equally distributed on both sides of the average
voltage in case of Gaussian distribution or uniform |
distribution. Examples of such input signals are
sinusoidal waveform signals and eye pattern signalé
obtaingd by orthogonal demodulation of MSK or QPSK
modulafion signals. An example of asymmetrical
distribution is a signal due to the efectric field e
fluctuation under, for example, Rayleigh fadingf Also, an - :5
error is contained in the bias voltage generated by a bias
voltage generator circuit 3. Accordingly, the actual - =
average voltage Vap of the input signal to an A/D converter
4 is represented as follows:

Vap = Vav + 4V +—Vy +AVe ... {1)



i

The ideal average voltage Van’' is represented as follows:
VAD'.= Vav + Vp ) o i e (2)

ideal average voltage of the analog

where, Vav

o signal
AV '? offset voltage of the analog signal
Vs : ideal yalue of the bias #oltage
A Vs : error of the bias voltage from the ideal

value

-
¥ o

As a result, it is understood that an offset is caused in
the output data from the-A/D converter 4. The first
embodiment is constructed to ¢ompensate for the offset in
the output déta from the A/D converter 4 as described
hereunder.

An offset detection circuit 8 has two terminals 9 and

10 for externally receiving the ideal value of the bias

_voltage and the ideal average voltage of the analog signal,

respectively. Firstly, output samples from the A/D
converter 4 are used to obtain the average voltage of the

analog signal which is given by the above expression (1).

. Then, ;he offset ( AV + AVm) is detected through

mathematical operation by subtracting the ideal average of
the analog signal to be applied to the ideal average

voltage input terminal 10 and the ideal bias voltage to be

applied to the bias voltage input terminal 9 from the

obtained average voltage, i.e., subtracting the above

expression-(2) from the expression (1).

A subtractor 7 subtracts thé output data of tﬁ§ offset

. _dete6?Ton circuit 8 from the output data of the A/D
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convefter 4, This results in providing frum a Jdigital data
output terminal 11 a correct digital output data in which

the offset AV in the analog signal and the offset A Vs

in the bias voltage are removed}

Now, the present invention will be described more in
detail by reference to FIG. 2.

Illustrated in FIG..2 is an example of sampling a
sinusoidal signal expressed by cos (27}ft) (V] with Vs =
1.5 (V] (201), 4V = 0.1 [V] (202), and ;fvg = 0.2 [V]
(203) at the frequeﬁcy 4f [Hz]. Illustrated in FIG. 2(a)
is an original waveform of the analog signal free from any
offset. The voltage samples at t = T/4, 2T/4,.3T/4 and T
are 0 V (211), -1 V (212), 0 V\(213) and 1 V (214),
respectively. =~ |

Illustrated.in FIG. 2(b) is an input signal waveform

of a bias voltage summing circuit 2 which is equal to the

analog signal waveform in FIG. 2(a) with the offset voltage

AV =0.1 {V] (202). Accordingly, the voltage samples at
t = T/4, 2T/4, 3T/4, and T are 0.1 V (221), -0.9 V (222),
0.1 V (223), and 1.1 V (224), respectively.

Now, illustrated in FIG. 2(c¢) is an input signal

waveform to the A/D converter 4 added—with the bias voltage

Ve + AVs = 1.5 + 0.2 [V]. Obtained voltage samples at t
T/4, 2T/4, 3T/4, and T are 1.8 V (231), 0.8 V (232), 1.8 V
(233), and 2.8 V (234), respectively.

The offset detection circuit 8 detects the average

value 1.8 V of the four samples 1.8 V (231), 0.8 V (232),

1.8 V (233) - and 2.8 V (234). By subtracting the known --

-
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ideal average voltage 0 V of the analog signal and ideal

~ value of the blas voltage 1;5 V, the offset ( 4V + 4Vp =
.0.3 V) can be obtained. In the above example, four samples
are used to determine the average vdltage of the analog
signal. HoWevér. it is generally necessary to use a large
numbef of samples to obtain average voltage of the analog

signal.

The offset detection circuit 8 and the subtractor 7
are constructed by a processing circuit téhperform the
series of processing the Sample data from the A/D converter
4 as illustrated in FIG. 3.

In FIG. 3, it is assumed that S is equal to the
accumulation of first to K-th sample D(k). 1In step S1, S
and K are initialized, i.e., S = 0 and K = 0. Then, a K-th
sample D(k) is obtained (in step S2) and an accumulation S
= 8 + D(k) is obtained (in step S3) subsequently, a
judgement is made if the number of sémple reachéé'fﬂéh
predetermined number (N-1) (in step S4); If not reached
(N—l),uK is incremented by 1 (iﬁ step S3) to repeat the
step S2 and subsequent processings on the next sample.

Wﬁen K = N-1 is detected‘in the step S4, the

-

accumulated value S is divided by the;number of accumulated -
samples N to obtain the average value Dap {(in step S6). An R
offset voltage Dorrser is obtained (or assumed) by |

- subtracting the sum D'ap of the ideal average voltage of o
the input analog signal and themideal-bias voltage:
respectively applied'tp"the‘tqrminals ¢ and 10 from the

average value Dap (in step.S7). - -



The true offset voltage is obtained in this mannsr to
" correct the output digital data from the A/D converter 4
using the offset voltage Dorrs=r. That is, in order to
correct the sample daté used for calculating the above
offset voltage, these sample data are temporarily stored in
a memory and subtraction processing of the offset voltage
Dorrsex 1s carried out for the K = 0 sample value D(0) to
the (N-1)-th sample value D(N-1). In step S8, K is
initialized (K = 0) and subsequently a cof;ected data D' (k)
is obtained by subtracting Dorrsexr from the sample value’
D(k) (in step S9). The corrected data D'(k) is derived
from an output terminal 11 (in step §10). A judgement is
made if K reached N-1 (in step S11). K is incremented by 1
~if (N-1) is not reacped yet (in step S12) to return to-step
S9. On completing the processing in step S11, the
cprréction of the above N samples is finished. the
correction of the subsequeht (N+1)-th sample is cafried
out in the same manner as the steps S8 and S10. Processing
procedures for unlimited number of subsequent correction
samples are illustrated in FIG. 4.

Iﬁ FIG. 4, sample value D(k) is obtained (in step
§13),the corrected date D'(k) is obtained by subtracting
the offset voltage Dorrs=r from the above D(k) (in step
S14), ahd the corrected data D'(k) is derived from the
output terminal 11 (in step S$15). Subsequently, K is
incremented by i.(in step S168) to perform the similar
proceésipg on the sqbsequent samples by feturning to étep

S13. - - o —



On the other hand, illustrated if FIG. § is an example
of performing correction only on predetermined number (N')
of samples D(N+1), D(N+2), ..., D(N+N') after completing
the processing step S$11 in FIG. 3.

. The sample D(k) is obtained in step 21 and the
corrected data D'(k) is obtained by subtracting the offset
voltage Dorrser from the‘above D(k) (in step 22). After
supplying the D'(k) to the output terminal 11, é Jjudgement
is made if K reaches (N'-1) (in step 824):h If (N'-1) is
not reached, K is incremented by 1 (in step S25) to return
step S21. Processing is terminated if K reaches (N'-1). It
is the matter of course that the offset detection using the
sample value obtained from the A/D converter 4 and the
correction of the output data from the A/D converter cén be
made&;%fér temporérily storing the data in a memory or the
like.

Now, illustrated in FIG. 6 is the A/D converter
circuit according to a second embodiment of the present
invention. The second embodiment eliminates the subtractor
7 in the first embodiment. The digital output (Dorrsex)

from the offset detection circuit 8 is converted into an

analog signal by a D/A (digital-to-analog) converter 12 and

is applied to a bias voltage summing circuit 2' so that the
average voltage of:the input signal to the A/D coﬁverter 4
is equal to the voltage as given by the above expression
(2).

In other words, the bias voltage summing circuit 2' is

provided.-with means to correct the input analog signal to
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cancel the offset voltage so that the inrut kias voltage is
. equal to the ideal bias voltage. As a result, an offset
free corréct“digital data is derived from the A/D converter
4. It is to be noted, here, that the offset voltage Dorrser
derived from the offset detection circult 8 1s converted
into an analog signal by a D/A converter 13 before being
applied to the blas volﬁage generation circuit 3 for -
prgvidusly correcting the bias voltage by the bias voltage
generation circuit 3 as illustrated in Fléi 7. In this
case, it is of course true that the processing stéps S1
through S6 in FIG. 3 are used to determine the bffset
voltage Dorrser.

The bias voltage summing circuit 2 may be implemented,
for example, by using an ope;ational amplifier 14 as
illustrated in FIG. 8. Thé énalog signal to the.input
termﬁnal 1 in FIG. 8 is applied to the non-inverting»input
terminal of.the operational amplifier 14 by way of a
resistor R1. The bias voltage from the bias voltage
generation circuit 3 is summed by way of a resistor R2.
.The inyerting input of the operational amplifier 14 is
returned to ground by way of a resistor R3 and is connected
to the output terminal by way of a fe;dback resistor R4.
Two voltage sources +15 V and -15 V are used for operating
the operational amplifier 14.

As descriped above, the A/D converter circuit - -
according to the first_emb§diment of the invention corrects
the output data from the A/D converter for converting the

analog signal in the-range from the low to the high

11 . Z
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potential reference voltages into a cirtfecponiing digital
data by detecting the offset from the ideal value for the
bias voltage to be added to the input signal to the A/D
converter aﬁd'the offset from the ideal value of the
average voltage in thé.analog signal. In the A/D converter
circuit according to the second embodiment of the
invention; an offset from the ideal value of the bias
voltage to be addéd to the input signa}-to the A/D
converter for converting the analog signaifin the range
from the low to the high potential reference voltages into
the corresponding digital data,and-also.the offset from the
ideal value of the average voltage in the analog signal are
detected to correct the biaé voltage so that the average
voltage of the input signal to the A/D converter is equal

to the ideal value. As a result, the correct digital data

LT

will be effectively obtained.
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CLAIMS:

1. An A/D converter circuit comprising:

bias voltage summing means for adding a bias voltage
to an-analog-signal;

A/D converter means for digitizing the oﬁtput analog
signal from said bias voltage summing means in the range
between the low and higﬁ reference voltages;

offéet detection means for detect}ng the offset by
subtracting the ideal average voltage of éﬂe analog signal
and the ideal value of the bias voltage from the average
value of output samples from said A/D converter means; and

subtraction means for deriving the output by

subtracting the output data of said offset detection

circuit from the output data of said A/D converter means.

2. An A/D converter circuit comprising:
bias voltage summing means for adding a bias voltage
to an analog signal;

bias voltage generation means for generating the bias

‘voltage;

A/D converter means for digitizing the output analog
signal from said bias voltage summing means in the range
between low and high reference voltagés;

offset detection means for detecting offset by

_subtracting the ideal average voltage of the analog signal

a@d'the ideal value-of-the bias voltage from the average
value of the output samples from said A/D converter means;

and _ - -

correction means for supplying the output of said

- | 13
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offset detection means to elther one of sald blas voltaze
'generation circuit or said bias voltage summing circuit to
correct the bias voltage so that the average voltage.of-the
input signal.to said A/D converter means is equal to the
ideal value._

3. An A/D converter circuit comprising:

bias voltage summing means for adding a bias voltage
to an analog signal;

A/D converter means for digitizing tﬁ; output analog
signal from said bias voltage summing means in the range
between low and high reference voltage: .

means for outputting the accumulated value of a .
predetermined number (N) of samples;

means for obtaining the average value by dividing the
accumulated value by N; |

lmeans for detecting the offset voltage value by
subtracting the ideal average voltage value of the analog
signal and the ideal value of the bias voltage from the
average value; and

subtraétion means for outputting the subttaction of
the output data of said offset detection circuit from the
~output data of said.A/D converter mea;s.

4. The A/D converter circuit of claim 3 wherein the
correction is made by subtraction operation using
continuous offset voltage values of the samples subsequent
to the predetefmined'number (N). . _

5. The-A/D converter circuit of c¢laim 3 wherein the

correction is made by subtraction operation -using offset

14 -
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voltage value of a predetermined numbef of sauples
subsequent to the predetermined number (N).
6. An A/D converter circuit comprising:

bias volfage summing means for adding a blas voltage
to an analog signal;

bias voltage generation means for generating the bias
voltage;

A/D converter means for digitizing the Sutput analog
signal from said bias voltage summing mean; in the range
between low -and ﬁiéhwfeference voltages;

means for outputting the accumulated value of a
predetermined number (N) of samples;

means for obtaining the average value by dividing the
accumulated value by N; ﬂ

means for detecting the offset voltage value by
subtracting the ideal average voltage value of the analog
éigngl and the ideal value of the bias voltage from the
average value; and

correction means for supplying the output of said
offset.detection means to either one of said bias voltage

generation circuit or said bias voltage summing circuit to

correct the bias voltage so that the average voltage of the -

input signal to said A/D converter means is equal to the
ideal value. - | |
7. An A/D converter circuit comprising:

bias vqltage summing means for adding a bias voltage
to an analog signal;

bias voltage generation means for generating the bias



voltage;

A/D converter means for digitizing the outpug analog
signal from said bias voltage summing means in the range
between low.and high reference voltages;.

means for outputting the accumulated value of a
predetermined number (N) of samples;

means for obtaining the average value by dividing the
accumulated value by N; )

means for détecting the offset voltage value by

subtracting the ideal average voltage value of the analog

‘signal and the ideal value of the bias voltage from the

average value;

D/A converting means for converting the obtained
offset voltage into an analogue signal and supplying the
converted signal_to one of sald bias voltage generating
ciréuit and said bias_voltage adding circuit; and

means, in response to the output of said D/A
converting means, for compensating the bias voltage of one
of said blas voltage generating circuit and said bias
vdltagg addihg circuit.

8. Aﬁ A/D converting method comprising the steps of:
adding a bias voltage to an anaizg signal;
digitizing the added analog signal in the range

between the low and high reference voltages;

detecting an offset by subtracting the ideal average

voltage of the analog signal and the ideal value of the

bias voltage from the average Qalue of said digitized data;

and -- : —
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deriving the output by subtracting said detccted

'offset from said digitized data.
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