Andl og-to-Digital Converter Crcuit The present invention relates to an Boy 92
'analo% t.o- dlgltal -(A/D)- -converter circuit, nmore specifically to an AD
converter &ircuit capabl e of renoving an offset in an i nput of an anal

signal. A conventional A/'D converter circuit for efficiently performng

analog to digital conversion by biasing the input signal |level by a
predeterm ned | evel is constgﬁg:idgiﬁ@smgiwmm@hedrt&ﬁ&cugL That is, the
anal og signal applied to an analog signal input termnal 11s first applled

to a bias voltage summing circuit 2 in which a bias voltage froma bias '

vol tage generation circuit 3 is sumred with the anal og sinal bef or e bei ng
applied to the A/ D conVdet Bresepdinventigndedapes ohe &t éPa(]:PFcFR'tditfitél

e, o LR SER Pl FSERREE ' el RUATEE BRla 20 o 1o
signal in the vol t@&ﬁrerr%%ecifamﬁ Rg LQY‘éRﬁ’tQ‘th@iné eafn%@@gstvg{ 20¢nb Qe Lbe
hi gh potential reference voltage. F t he nunber of quantization bits Is,
for exanple, 8 bitgn dﬂ@&oguhrtﬁaﬁlwanlthe A/ D converter circuit will be OOCH
when the input is equal to
A conventional A/D converter circuit for eff1c1ently
performing analog to digital conversion by biasing the
input signal level by a predetermined ievei is constructed
as illustrated in FIG. 9. That is, the analog signal
applied to nn analog.signel input. terminal 1 is first
applied to a bias voltage summing circuit 2 in which a bias
voltage from a bias voltage generation circnit 3 is summed
| with the analog sinal before belng applied to the A/D
converter circuit 4. The A/D converter circuit 4 is
provided withlgﬁhighﬁpotential 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 reference voltage to the high
potential reference voltage. If the number of quantization Lo
bits'ie; 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,
the output will be FFH when the input is equal to the high
potential reference voltage. ) }
The A/D converter 4 may be operated with a single or a

dual voltage source., The following conditions must -be mst

between the reference voltage and the power supply




the | ow potential reference voltage. On the other hand, the output will be
FFH when the input is equal to the high potential reference -voltage. The
Al D conver fer 4 may be operated with a single or a dual voltage source. The
follow ng conditions nust be net between the reference voltage and the’
power supply vebtagegs: voltage of the negative voltage source [err] |ow
potential reference voltage [err] high potential reference yoltage [err]

vol tage of the high YRk E&#S Af I88 DEsakL¥er UPhEAEL FU%e 2V BO¥onverter is
dri by, f | : i.ngl | t f_+ .t h I ni

Vol tage of the anal PSSR ITSREF SREer VBL 0BT —<ndbikh YOISBIATsource
voltage = | ow potent]gie (&l | 12960 P HE A o1 oAN pbRRHELERA! 00

signal changing to 655f%|ve aﬁ%ﬁngégtrve VO ges aroun cente
vol tage, ‘a bias vol tggg.des added by the bias voltage summing circuit 2 to

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 0 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

se signél is one-half of the Q;gh 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 |

In the conventional A/D converter circuit described -

above has a problem to cause offset in the output of the

‘e

A/D converter. For example, a voltage divider circuit to
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 desiréd resistance ratio uéing a variable
~resistor-or a potentiometer is not stable enough due to

aging, temperature variation, etc. Accordingly, the bilas

PR



shift the input signal voltage varying fromO volt to the high potential
reference voltage before analog to digital conversion. In this case, sumred
With the i hput anal og signal is one-half of the high potential referénce

| t t he Di | t .. thereb tputti 80 H f th D t
when 0 vol t i npURL FRESAY dif Rieetocat, 6PRAtEctants fdneasdue (%0 the
ti | A ' it .d I.hed bl t
o set in the olERIE: croiaratiid yrlERERPR cafORiEer il DA BBe.G, TTer
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vol t age. However, | IS to obtalin a desiread resistance ratio

because of tol ?é@tﬁkﬁﬁx@fwfﬁiﬁié)!bq-ass%lkHSead@@Si:é eghd QSllexdtHiee rati o using
a variable resistor or a potentionmeter is not stable enough due ta aging,
t enperat ure varé¢ipdrfdtercisticAeForttienghylitbher bf 65 smplifydlneaghenanabeg
subj ected to considerabl e changes due to
signal.

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

In the present invention, any offset frqm the ideal
value of the average ﬁoltage in the input signal to the A/D
converter circuit is détectéd by an offset”ﬁetecéion
circuit. In a first embodiment of the invention, the
deteéted 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 ménner that the average- )
voltage in the input signal to the Afﬁ converter is equal - F
to the ideal voltage, thereby not causing any offset in the szt
output from the A/D converter. Here, the modification in |

the bias voltage means that the bias voltage is made tb be

-
==

equal to the ideal bias voltage and that the offset voltage
in the analog éignal is canceled.

. Other objects and features will be clarified from-—the



agi‘ng, tenperature variation, accuracy of parts, etc. Al so, there may cause

of fset, in the anal og signal before sunmng with the bias voltage due to the

el ectric cHaracteristic of the anplifier for anplifying the anal og signal.

It is therefore an object of the present invention to solve the above

probl em and to pFolMio%d ngn dAsPr fptien twel ticirefériencepabl ehefateaxhedig t he

offset in the output fromthe A/D converter circuit. In the present

i nvention, any dafrffasdingfsr onirt vhiicthieal val ue of the average voltage in the

i nput signal to the A/D converter circuit is detected by an offset

detection circuit. In a first enbodi nent of the invention, the detected

offset is subtracted _fromthe d;gital ouf put dat% fromtfuaﬁ%[)converter to
Phe o4

conpensate the digi t KITCUREp &t 1818 LIRck SHEABEAT PR OBt TR $He ndibsg
sy oncl and the WA ARy LPMALE MBS AP LIGRAY QrRE
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causing any of f sRftdotilbi®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 to the present

i

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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out'put fromthe A/D converter. Here, the nodification in the bias voltage
means that the bias voltage is made to be equal to the ideal bias voltage
ahd that tHe offset voltage in the anal og signal is canceled. Other objects
and features will be clarified fromthe 3 foll owi ng description with
reference to the attBEGRRE it del mgdlock dhperamr| TURE cerivendipradkAdPagr am of
one enbodi nent- of the A/ D converter circuit according to the present

i nvention; FI GUREAYerten ¢italilty t o expl ain how the of fset detection
circuit in FIGURE 1 operates; FIGURE 3 is a flowhart to explain the
operational step of the offset detection circuit 8 and the subtractor 7 in

of fset detection oi roietod o diRd BeBRR et ot et ApvihiRBnchiiihe
Uhliﬁited nunbege o ri P (heY¥WIdeE by reference to the 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 distributioﬁ or uniform T

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)



subsequent to the sanple used-for determ ning the offset voltage; FIGURE 5
s a jlomchart to show the operati-onal steps of the offset detection
¢dircuit 8 and the subtractor 7 for correcting only predeterm ned number N
of input sanples subsequent to the sanple used for determi ning the offset
vol tage; Fl GUREThe 3daabl atkraie@orsitaye dnei’'hes eappdsemtda afs tfiod 184WS:
converter circuit according to the present invention; FIGJRE 7 is a bl ock
di agram of yet anot h&aoénbodiwentVeof the A/ D converter circuit..ad€rding to
the present invention; FIGURE 8 is a bl ock diagramof the bias voltage
sunming circuit in FMEERE, 1Vaund keal RVEIREE9 VP tage| ot KthA &fedeeof a
conventional A/D converter cirecuit,
signal
AV : offset voltage of the analog signal
Vs : 1deal value of the bias voltage
A Vs : error of the bias voltage from the ideal

value

-
A

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 fpr 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, the offset ( AV + AVs) is detected through
mathematical operation by subtracting the ideal average of

the analog signal to be applied to the ideal average

i

voltage input terminal 10 and the ideal bias voltage to be
Iappligd to the bias voltage input terminal 9 from the
obtained average.idltage, i.e., subtracting the above -0
expre551on (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




Preferred enbodi nents of the present invention will be described hereunder
by reference to 'the acconpanying drawings. Illustrated in FIG 1 is a block
di agram of* a first enbodi nent of the A/D converter circuit according to the
present invention in which |like reference nunerals are used to represent
simlar el ementeonventriset.i ThisGresulpsfin aratipdaenfnvnr dadbebtal ndata
addition of a subtractor 7 and an offset detectiqn circuhé 8. The anal og

signal to be apPRtRRt tkerAHnal dd anaebEeat ghidl tadp QUIPRENARLR 4R WRIGh Known
| t but |j f f d i bed ah - S the i t

ayerage Vol 0o LRy, 35 REChhA TG FRLRS Bhebfe LN

case of Gau55|gﬁ%dgﬁgrﬂf§g|¢yitg%8ugkgo;£géu &jw buti on. Exanpl es of such

i nput Signal s are Sinusolrdal "waVef or msignal's. and eye pattern signals

obt ai-ned by or t hogOMoy IHRAVrsEAE PhvaMII A WHTH bEOdELEEI Do) o i A

exanpl e of asymmetrica I's a signal due to the electric tield
fluctuation undgsgafPyexaperencBaybeknd. fading. Also, an error is

contained in the bias voltage generated by a bias

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 -A.Vs = 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) Qith 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.

Naw. illustrated in FIG. 2(c) is an input signal

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

i -

Ve + A4Vs = 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 ¥
(233), and 2.8 V (234), respectively.

The offset detectipn cifcuit 8 dete;ts the average -
value 1.8 V of the four samples 1.8 V (231), 0.8 V (23_:2),

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



vottage generator circuit 3. Accordingly, the actual average voltage V[err]
of the input signal to an A/D converter 4 is represented as fol ] ows:

V[err]= V[Err] + [err] + V[err] + [err]V[err] ..., (1) 5 The
i deal average voltage V[err]' is represented as follows; \gerr = Verr] +
V[.err] ideal average voltage 0 V of) thReRB2IRE Fl8nas fnd 1dgadage

I f the. I ' I . OLf I f
Z?;gh%gevferltr] ® Valyeoe?, BREP S attaes U PageifrfiSer ol 1Y FEHHG, -
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signal. However, 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

i

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). - -



Anof fset detection circuit 8 has two termnals 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 sanples fromthe A/'D
converter 4 are used to obtain the average voltage of the anal og signal
which is given by thEhebtwee exfiftsedsivod tegp. 1Fhelptalnesd dinf $ods( mpopefvee
[err]V[err]) is detected through mat hemati cal operation by subtracting the
i deal average oforhectintheuwinptaldiedted gapi £rR Fhend/Doeanvavérhgs

voltage input termnal 10 and the .ideal _bias voltage to bg ag l.ied to the
bi as vol tage i npeingcthe Rffeet Yahtege Dersrred éﬂgﬁhdé voft Séer'te ,

2Subt ract s  hCRRCRRE  HAT coaHr L dabry BEREeRTisieile b PPEMSihe
AHRFR N AL B D S ST T S S
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
S13),the corrected date D' (k) is obtained by subtracting
the offset voltage Dorrs=r from the above D(k) (in step :f
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 —



the offset [err] Vin the analog signal and the offset [err] V[err]-in.the
bi as voltage are renmoved. Now, the present invention will be described nore
in detail By reference to FIG 2. Illustrated in FIG 2 is an exanple of :
sanpling a sinusoi dal gnal expressed by cos (2[err].ft [V] with Verr] =
1.5 [V] (201), [err]0v the athen hamoh) 11§H§tféF?% L@ dszapvrﬁewnky at
the frequency 4f an or,l vef [Y\Of

the anaI?g S|gn8¢ PPL£O¥$%ﬁ$;§é¥égg€£§PFlGh@ éBI?E@ﬂFEﬁﬁﬂﬂé%gq
2T/ 4, 3T/ 4 T 0,V 12 0

respectivel 3” I Pfﬁégpg}gﬁ(ﬁﬁ&ﬁh ]DZ(?%(Z%I s) an’ |l>1( lﬁﬁ}ﬁ g?ﬁ%r\%ﬁge%%ﬂ%

bi as vol tage su enErSE Hi g2%¢45 err?isl 40 the anal og signal maveform

in FIG 2(a) wt =0.1[V] (202). Accordlngly,

the voltage sanpl es ghet samﬂ_ié D@cT)/ ‘is %_E"téin@ﬁ‘diﬂ_ H&d 1l aMda(2RE). -0.9 V
(222), 0.1 V (223), and 1.1 respectively. Now, illustrated in FIG

2(c) is an |npUbo?b@BﬁédW@afi(DTmHX)ﬂshebﬁéihéﬁﬂuﬁréﬁﬁtrhdh@ﬁedthbtbffbetblaS
voltage Vlerr] + [err] V[err] =1.5 + 0.2 [V]. Obtained voltage sanpl es at
t = voltage Dorrser from the above D(k) (in step 22) After
supplying the D'(k) to the output terminal 11, a judgement
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 aqd the
correction of the output data from the A/D converter cen be
made&;%fer 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

1 X3

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

i

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

10 L



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 sanples 1.8 V (231), 0.8 V (232), 1.8 V (233) and
2.8 V (234). By subtracting the known 7 i deal average voltage 0 V of

the anal og signadardd itdRAlbrrakdevoltibs 8 ahatolthagendud BAad R 10fafpfeti s(

[err] V + [err]V[err] = 0.3 V) can be obtained. In the above exanple, four

sanpl es are usedkdualdaicertiienddehad byes agel tage.agdsod tésulknalay ofifgea .
However, it is generally. necessary to use a |arge nunber of sanples to
obtai n average vraeagmrofecthidighthdgdatynid deTtigedf feon tha doill menvierdert 8
and the subtractor 7 are constructed by a processing circuit to performthe

series of proceski dg tife toahgl Bollada Rexsm thatathbecofifest sfoldage Dorrser

illustrated in FIG, 3., In FIG 3, it is assuned that Sis equal to the
derived from the offset detection circuit 8 is 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,
o - 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 feedback resistor R4.

Two voltage sources +15 V and -15 V are used for operating o’

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 . _



accurrul ation of first to K-th sanple D(k). In step S1, S and K are
initialized, i.e., S =0 and K= 0. Then, a K-th sanple D(k) is obtained
(in step S2) and an accurmulation S =S + D(k) is obtained (in step S3)
subsequently, a judgenent is nmade if the nunber of sanple reaches the
predet er mi ned npobential Wefdnenseeyodspges | int@td M@Hé&%ﬁl—!&; dkettal

i ncremented by 1 (in step S5) to repeat the step nd_subsequent

processi ngs on éata n’é&td%%ﬁﬁﬂiélg \RhenoRfsef firqm td@c égﬁéa ?’ﬁlPﬁefgfeEh‘?M

t he accunul ated value S is divided t he nunmber qof ccu | es
to obtain the abbRfigEcltRse 1§ He pdge ? ﬂ tee ‘SG’)npu,&n Eﬂﬁg&y%[ err]

b d h |
aver age vol t ageBRVERET AR YR RESERorE R S el d(’LPB%I ége%?f 2ge
respectively apgkéfggéovéi‘%#eerfﬂ '%ﬁL:S Rafé‘é %&x{ar m gheRYCR AFC Y é’teter

Derr] (in step true of set voltagéis obtained in this
nmanner to circuit according to the second embodiment of the

Z

invention, an offset from the ideal value of the bias
voltage to be addéd to the input signal- 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

T

will be effectively obtained.



correct the out put digital dat mllnmm m ﬁﬂ nverter 4 usi ng the offset
voltage Dlerr]. That is, in or f"ﬂﬂe sanpl e data used for

cal cul ating the above of f set vol*t ade, "t heseé sanple data are tenporarily
stored in a nmenory and subtraction processing of the offset voltage Derr]
is carried out f&GLAIMS:K = 0 sanple value D(0) to the (N-1)-th sanpl e val ue
D(N-1). I'n step S8, Kis initialized rt) and sequently a corrected
data D (k) is oBtainé& ﬁstEﬂ‘PY%\’é’E?rngF CPF’B Sampl e val ue D(k) (in

step S9). The corrected data,D LS deriv t. term.nal 11
(in step S10). A j udégﬁ'énW?Eaﬁélage“ oo P@ggﬁ gé&"ﬁ§€1¢5$;ﬁ&a§1f 1t Efs

I ncrenent ed by | f ( S eached yet (in step S12) to return to
step S9. On con%Peﬁlnghéﬁgkprd@%55|ng in step S11, the correction of the
above N sanples is fh?bSEsﬁveff@r GRIAIRC to?N dek 1 t D21 8¢ aRA WA ueNEhh1bE
sanple is carried out 1n the sanme manner as the steps S9 and S10.
Processing procedghal rebomUshiditit MoMMRgeobusuDig ghedis Ao taet iraRgeanpl es
are illustrated in FIG 4. In FIG 4, sanple value D(k) is obtained (in
step S13),the coeteeeadthat bo® 41iid higholriefienencbyveltdgesst i ng

offéet detection means for detecting 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 anﬁiog 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;

i

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 samplgs froﬁ said A/D converter méans;

and

correction means for supplying the output of said -
- : 13



the offset voltage Dierr] fromth step S14), and the
corrected data D (k) is derived fﬁmmmmmg wrm nal 11 (in step S15).
SubseQuentFy, Kis incremented by 1 (¥nistep to performthe sinilar
processing on the subsequent sanples by returning to step S13. On the
other hand, ill offsetedetacElén Sméansartexdichee ofie pef fsaid g asomvoddeizen
only on predetern1ned nunber (N ) of sanples D(N+1), D(N+2), , DIN+N)
after conpletlngenhéapignesérﬁgithHJQﬁ&ﬂ|bdaslﬁplgaEQTﬁ¥ e lperiti $o
obtained in step 21 and the corrected data D gk} IS obtalned A¥§§ubtract|ng

the of f set voItQQErEFErFFefP§%$tYRJEﬁﬂﬁM§°DGPF s?%ﬁf%ﬁﬂ

| the D,(k) to,the output t d
Cehohes (N 1) (PRUG 3heash) o 314 A/ RPavkpref AEHER L AUHINEPC RERt oa by

1 (in step 825) Egaie%Q;Q step S21. Processing is termnated if K reaches
(N-1). It is t 6f course that the offset detection using the

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 tﬁe 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

subtraetion 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 predetermined number (N). _

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

correction is made by subtraction operation -using offset

14 -



sanpl e val ue obtained fromthe nd the correction of the
output data fromthe A/D convermmﬁmmﬁl{’m”gl fter tenporarily storing
the data'ih a menory or the like* Now,tilMustrated in FIG 6 is the AID
converter circuit according to a second enbodi nent of the present

i nvention. The sedaageewhbdenefita epredatxrednedengober aft grauiplies t he first
enbodi ment. " The digital output (Dlerr]) fromthe offset detection circuit
8 is converted istbseanentiatogthe predasierniped pumbex aiNx.o- anal og) converter
12 and is applied to a bias voltage sunmming circuit 2' so that the average
vol tage .of the ﬁnputA§iQﬁHI°?%WQ¢E@HVQ§Q§§ﬁgeFP@PrES?%Eéqual to the voltage

Suring oitcult 2 i BLBFoYP LEREhi I SoeBSCEPT RO A R JRArage
sjgnal to 10 t%agﬁegnggggoéiéﬁglyoltage so that the input bias voltage is

bias voltage generation means for generating the bias

voltage;

A/D converter means for digitizing the cutput 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 ;verage voltage of the -
input signal to said A/D converter means is equal to the e
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



equal to the ideal bias voltage. ffset free correct

digital data is derived fromthe H ﬂ ﬁliﬁ"m Is to be noted, here,
that the*offset voltage Dlerr] deriwe L oM fset detection circuit 8
is converted into an anal og signal by a D/A converter 13 before being
applied to the I¥cistagsitage generation circuit 3 for previously correcting
the bias voltage by the bias voltage generation circuit 3 as illustrated in

FIG 7. In this caseAJQ.qqvartéﬁumsensrfﬁftQ%ﬁiqﬂ%éngr&Bés@?ﬁ@ugt%ﬁEQQE.
through S6 in FIG 3 are used to determ ne the offset volt err The
bi as vol t age SLnﬁﬁqﬂan FEHHFaédnﬁ}aﬁev9¥ﬁﬂ%ﬁnﬁﬂﬂﬂfngfBPaﬁﬁaﬁ%IEP ng an
oper ati onal anpllfler ated in The anal og S|gnal to the

input termnal 10§ Q¥ Pgd 535 ef® ?f?9ﬁ?rﬁﬁfiﬁ$$§rtlng i nput terninal
of the operati onal arﬁ%a'nfs' &5 1<Asul3§u ? ré-?e a%%’u%ltu tg& vlﬂ?e by #s, vol t age
r & Ul

fromthe bias vol tage géeneration of ~a Tesistor

R2. The |nvert|rH}édgygquhehhﬁuﬂgggagﬁyngﬁ gyayﬂ S|er 14 S returned to
ground by way of resistor R3 and i $ connected to the output terninal by
way of a feedback I exie3in@’ £B#. 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 anaiBg signal;

digitizing the added analog signal in the range

W

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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Two vol tage sources +15 V and -1 operating the operational
anplifier 14. As descri bed aboveﬂlmmmmmﬂmm"er circuit according to
the first-*enbodi nent of the inventioh cormecfs the output data fromthe A/D
converter for converting the analog signal in the-range fromthe lowto the
hi gh potenti al re&gf W 3UPuitNby SusOrdesimndang defbitéddata by
detecting the offset fromthe ideal "value for the bias voltage to be added
to the input sigppbetoridie SXNild @apManiized aadat he of fset fromthe ideal

val ue of the average voltage in the analog signal. In the A/D converter
circuit according to the second enbodi mrent of the invention, an offset from
the ideal value of the bias voltage to be added to the input signal to the
A/ D converter for converting the analog signal in the range fromthe laow to
the high potential reference voltages into the corresponding digital data
and also the offset fromthe ideal value of the average voltage in the
anal og signal are

17 . -



detected to correct the bias voltage so that the average vol tage of the
1 nput §ignal to the A/D converter is equal to the ideal value. As a

result, the correct digital data will BEs ﬁ%éé*llvely obt ai ned. CLAI Ms:

1. A A/ D converter circuit conprisi vol t age sunm ng means for
adding a bias voltage to an anal og signal; A/D converter means for
digitizing the output anal Qg signal fronlsald bi as vol tagge summ ng neans in
the range between the | dR2dRE- ﬁPngﬁéFé}éﬁEEW%QﬁQEnﬁ%¥ set detection
means for detecting the offset by subtracting the ideal average voltage of
the anal og signal and the ideal value of the bias voltage fromthe average
val ue of output sanples fromsaid A/D converter neans; and subtraction:
means for deriving the output by subtracting the output data of said offset
detection circuit fromthe output data of said A/D converter neans.

The offset from the ideal value for the bias voltage
to be added to the input signal to the.A/D-converter(4)and
the offset from the ideal ¥value of the average voltage in
the analog signal are detected. The detectéd offset is
subtracted from the output data of the A/D“converter (4).
Alternately, the bias voltage may be changed by the
detected offset so that the average voltage of the input

signal to the A/D converter (4) is egual to the ideal value.
(Fig. 1)
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N _
2. ,quélp converter circuit conprising: bias voltage sunm ng nmeans for
addi ng a:bias vol tage to an anal og signal; bias voltage generation neans
.for generating the bias voltage; A/D converter neans for digitizing the
out put anal og signal fromsaid bias voltage summ ng neans in the range

bet ween | ow.and hi gh reference voltages; offset detection neans for
detecting offset by subtracting the ideal average voltage of the anal og
signal and-the ideal value of the bias voltage fromthe average val ue of

t he out put sanples fromsaid A/D converter neans; and correction nmeans for
supplying the.out put of said 13 of fset detection neans to either one of
said bias voltage generation circuit or said bias voltage summng circuit
to correct the bias voltage so that the awewage vol tage of the

FIG. 1 . .
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inputtsignal to said A/D converter neans is equal to the ideal value. 3.
An D converter circuit conprising: bias voltage summ ng neans for adding
a bias voltage to an anal og signal; A/D converter nmeans for digitizing the
out put anal og signal fromsaid bias voltage summ ng neans in the range

bet ween | ow and hi gh reference voltage: nmeans for outputting the

accunul ated val ue of a predeterm ned nunber (N) of sanples; neans for

obtai ning the average val ue by dividing the accunul ated.val ue by N, neans -
for detecting the offset voltage value by subtracting the ideal average
vol t age val ue of the anal og signal and the ideal value of the bias voltage
fromthe average val ue; -and subtraction neans for outputting the
subtraction of the output data of said offset detection;circuit fromthe
output data of said A/D converter means. 42/6 The A/D converter circuit of
claim 3.wheréin the correction is nade by subtraction operation using

FIG.2
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conttnuous of fset voltage values of the sanples subsequent to the
predeterm ned nunber (N). 5. The A/D converter circuit of claim 3 wherein
the correction is made by subtraction operation-using offset 14 vol t age
val ue of a predeterm ned nunber of sanples subsequent to the predeterm ned
nunber (N). 6. An A/ D converter circuit conprising: bias voltage sunm ng
nmeans for adding a bias voltage to an anal og signal; bias voltage
generation nmeans for generating the bias voltage; A/ D converter nmeans for
digitizing the output analog signal fromsaid bias voltage summ ng neans in
the range between | ow and hi gh reference voltages; neans for outputting the
accunul ated val ue of a predeterm ned nunber (N) of sanples; neans for

obtai ning the average val ue by dividing tBgs e

FIG.3
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accunrul at ed value by N, nmeans for detecting the offset voltage val ue by
subtracting the ideal average voltage value of the anal og signal and the

i deal value of the bias voltage fromthe average val ue; and correction
means for supplying the output of said offset detection neans to either one
of said bias voltage generation circuit or said bias voltage summ ng
circuit to correct the bias voltage so that the average voltage of the

i nput signal to said A/D converter nmeans is equal to the ideal value. 7. An
Al D converter.circuit conprising: bias voltage summ ng neans for adding a
bi as veol tage to an anal og signal; bias voltage generation neans for
generating the bias 15 ° voltage; A/D con%9gter nmeans for digitizing the
out put anal og '

FIG.4
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signal from said bias voltage sunm ng neans in the range between | ow and
hi gh reference voltages; neans for outputting the accunul ated value of a
.predeterm ned nunber (N) of sanples; neans for obtaining the average val ue
by dividing the accunul ated value by N, neans for detecting the offset
vol tage val ue by subtracting the ideal average voltage value of the anal og
signal and the ideal value of the bias voltage fromthe average val ue; D A
converting means for converting the obtained offset voltage into an
anal ogue signal and supplying the converted signal to one of said-bias
_ vol tage generating circuit and said bias voltage adding circuit; and neans,
in response to the output of said D/A converting neans, for conpensating
the bias voltage of one of said bias vol t54§e generating circuit and said
bi as voltage adding circuit. 8. An A/ D converting method conprising the
steps of: adding a bias voltage to an anal og signal; digitizing the added
anal og signal in the range: _

| FIG.6
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bet ween the | ow and high reference voltages; detecting an offset by

subt racti ng the ideal average voltage of the anal og signal and the ideal

val ue of the bias voltage fromthe average value of said digitized data,;
and 16 deriving the output by subtracting said detected offset fromsaid
digitized data. 17
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