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Abstract—Potentiation digital-to-analog converter with iterative additive correction of errors is de-
scribed. Analysis of errors of this converter with accounting of imperfection its blocks was produced. Ba-
sic expressions for the calculation of these errors are listed. The obtained equations conversion and car-
ried out error analysis allow to create high-precision potentiation digital-to-analog converter.

Index Terms—integrator; potentiation digital-to-analog converter; iteratively additive correction of er-
rors; imperfection of blocks; dynamics of the iterative process.

I. INTRODUCTION

It is known that achievement of high linearity
transformation functions of information systems re-
lated to the collection, processing and transmission of
information depends on metrological parameters of
the measuring converters used in such information
systems, and consequently independence of it’s static
transformative characteristics from measured value.

Reduction of level of measuring converters error
often plays a decisive role in solving the problem of
creation of information systems such as automated
information-measuring systems, automated control
systems, pattern recognition, diagnosis or identifica-
tion.

II. PROBLEM STATEMENT

In work [1] the measuring converter offered by
the author [2], [3] has been considered. It is an itera-
tively integrating code-voltage converter with addi-
tive correction of errors.

If to speak about this measuring converter from
the point of view of his function of transformation,
then it is the DAC, in which the output voltage is
directly proportional to the input code given in deci-
bels.

In work [1] are considered the equation of trans-
formation and the main equations for definition of
errors of this measuring converter without account-
ing of imperfection of it’s components (blocks).

However, in the course of design of the measur-
ing converter it isn't enough. In this case we need to
have the main equations with taking into account of
not ideality of components of the considered mea-
suring converter.

Derivation of such equations is the main objec-
tive of this work.

III. MAIN EQUATIONS WITHOUT TAKING INTO
ACCOUNT OF IMPERFECTION OF BLOCKS

The structural scheme of iteratively integrating
code-voltage converter with additive correction of
errors is shown in Fig. 1.

Here I is integrator; SH is sample-and-hold de-
vice; SW1 and SW2 are analog keys; RFG is refer-
ence frequency generator; CC1 and CC2 are code
converters; CTIC1 and CTIC2 are converters of
code into the time intervals; STI is shaper of time
intervals; E, is reference voltage; N = A + u are the
input code; U,y is output voltage; OC is output con-
verter, BC is back converter.

For convenience the equation of transformation
and the main equations for definition of errors of this
measuring converter without not ideality of his com-
ponents are given below.

Nonlinearity which is realized in the converter
corresponds to the operation of potentiation, i.e.
function which is inverse to obtaining logarithm.
The input code is given in decibels (dB).

Output voltage value relative to a value of U,
corresponding to input code N =0 dB:

N (dB) = 20 Ig Uy /U,

Equation of converting of this potentiation con-
verter:

U, =U,10".

If the submit an input code N as the sum of two
terms (for example, integers and tenths) N=A + p,
conversion equation can be transformed to:

U, =U, 10" /107,

After the ending of the first and second conver-
sion cycles the output voltage U, is equal to:

U =(EAK Ky, KoK, / fL,RC)-U,0,
and
U, =(EAK, Ky KoK,/ fLRO(1=-0y)-U,0y,

respectively, where: K; , K,,, Ksy and Krp, Ka , Kvp —
are transfer coefficients of the devices CC1, CC2,
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SH, OC and BC respectively, f; is reference frequen-
cy; R and C resistance and capacitance of integra-
tor’s resistor and capacitor respectively; and

QH =1 _H'KpKSHKRPKAKVD /f()RC'

Output voltage of the code-voltage converter af-

ter the end of nth cycle; j=1n:

Un :(EOMAKSHKRPKA /foRC)ZQg{_I _Uo ;
j=1

EOZJik Q l{Q l{ ﬁl{Q
1 n IZ.
“‘KpKVD( H) 0H * "

where U, is output voltage of the code-voltage con-

verter after the end of nth cycle; j = I,_n

E() —»SWI1 | SH oC » Uout
T1 13
STI
SW2 BC
12
CTIC CTIC RFG
I 1
CC1 cc2
A L
\/
N= Aty
Fig. 1. Potentiation digital-to-analog converter
If the condition |Qy| < 0 is fulfilled, output vol-
tage of the potentiation digital-to-analog converter at In V.U
the steady-state condition (n—o0) is determined by n= AU +1
the expression 1n|QH| '

— E\K,
N H‘KHKVD
:ilo(muyzo,
VD
where
szlomj X :10'“/2"'
A oo

The relative error of conversion v, :

_U,-U, AUQ;
U U

0 0

Yo

b

where AU =U_ -U,.
Number of cycles n, corresponding to this error
Yn'

Basic expressions for the iteratively integrating
code-voltage converter with additive correction of
errors with taking into account of imperfection it’s
blocks are summarized in Table 1 — 3 (details of the
derivation of these expressions, as well as others
discussed below, can be found in work [2]).

IV. EQUATIONS WITH TAKING INTO ACCOUNT OF
IMPERFECTION OF INTEGRATOR’S STATIC PARAME-
TERS AND OF IMPERFECTION OF BACK CONVERTER

To take into account the effect of the additive and
multiplicative errors AE;, A,, Ay, Yps Yyp» €
spectively, reference voltage source E,, an integra-

tor I and a back converter BC, the error of the time
intervals 71 and 72 formation and it’s jitter, we use
the results obtained in [1], expressions, denoting,
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6T2, ot ot

0Ty, » OTp,, the relative errors of interval 71 and 72

respectively, through 671,

Upl » Dnl

formation, and relative increment of duration of the
rise and fall of current through the SW1 and SW2
keys.

Curves rise and fall times of the currents flowing
through the SW1 and SW2 keys when switching we
approximate by straight line segments. Whereby the
effective time from the point of view of forming volt-
second area for T'1 and 72, respectively, equal to

b b

Tl':Tl—TUpl ~ Toni T2 =T2— TUpz ~ Tpn2
2 2

where 1 T Ty, and 7, are rise and fall

Upl®> ‘“Dnl >
times of the currents flowing through the SW1 and
SW2 keys when switching with the approximation,

respectively.

respectively, and the corresponding relative errors
Ysrm and yg;, are shown below, where A, and
A, are additive errors of the integrator I and the

back converter BC given to the inputs of the respec-
tive blocks.

_ ETI(+y,)
M Ky T2(1+7yp)
E,T1 ET1
~ I+y, - =—"—(+y, - ,
KVDTZ( Y ~Ywp) KVDTZ( Ve~ Yvp)
UocM _Uoc
Ystm = U =Yg ~Yvp>

©

AE, T.A, A
UooA:Uoo(1+YTI_YT2+ L4 VD]a

E, ETl U

0

. . .. AE‘() TCAI AVD
The expressions obtained for determining the Ysta = V1 V2~ r ETL U
output voltage in the steady state U_,, and U_, 0 0 ©
with the multiplicative and additive errors, where
Tupt T
—P 87, , — 257
- T16T1 L2 Upl Dnl ~5T1+ Tup1OTupt ~ Tom1OTpni ’
71— Tupt ~ Vot T1— Tupt ~ Vot 2T1
2 2
T

Up2 6

T28T2 5 Otum
+

TDn2
- 2 61:Dn2

TUpZSTUpZ ~Tpn ZSTDnZ

~0T2+

Yr2 T 1
Up2 Dn2
72— =Pz ons

V. EQUATIONS WITH TAKING INTO ACCOUNT OF
IMPERFECTION OF ANALOG KEYS

To take into account of imperfection of keys lets
denote resistance of the opened keys SW1 and SW2

as R, and R,., and resistance of the closed keys as
R and R,., respectively.

Equations for determining the output voltage in
the steady state U_,,, the relative errors of output

voltage in the nth cycle y,,, and in the steady state

Yser 1D view of these resistances of keys SW1 and
SW2 [5], [6] are shown below.

K
E, LK, +
R+R, R+R.
ooR1
K HE, + AK,
VD
R+R,, R+R,.
Uan B UooRl — AUR]QI:RI
UooRl UooRl

HKHJ
U. =

nRl —

T -7
Up2 Dn2
72— k2 onc

2 2

272
HK }\‘K)» + HKH
U. -U " R+R R+R
,Y _ oR] 0 __ 10 1C
StRI — - >
U,y N K{ MK, MK, J
R+R,, R+R,.
where
Q — 1_ KSH KRPKAKVD HKH + ;\‘Kk
HRI cf, R+R,, R+R.)
AURI = UooRl - Uoo'

VI. CONCLUSION

Potentiation digital-to-analog converter, i.e.
DAC, in which the output voltage is directly propor-
tional to the input code given in decibels, based on
iteratively integrating code-voltage converter with
iterative additive correction of errors, is considered.
Analysis of errors of this converter with accounting
of imperfection its blocks was produced. Test results
and operation experience confirmed the correctness



LYu.Sergeyev Analysis of the Potentiation Digital-to-Analog Converter with Accounting of Imperfection 79

of the results of theoretical research. Basic expres- [3] V. Gubar, 1. Sergeyev, and V. Fediv, USSR Patent

sions for the calculation of these errors are listed and 661,525, G 06 G, 7/26, 05.05.79. bull. 17 (in

it allow you to create such high-precision potentia- Russian).

tion digital-to-analog converter. [4] Yu. Tuz, Structural Methodsof Impruving Accuracy

of Measuring Devices, manual, Kyiv. Vyshcha
REFERENCES Shkola, 1976. (in Russian).

[1]1 L Sergeyev, Analysis of the Potentiation Digital-to- [5] . 1. Sergeyev, “Analysis of the ADC with a dynamic
Analog  Converter  Without  Accounting  of integrator,”  Measurement  Equipment,  1o0.6,
Imperfection its Blocks. Electronics and Control pp. 3840, 1976. (in Russian).

Systems, no. 4(46), Kyiv: NAU, 2015. pp. 52-57. [6] Yu. Tuz, and I. Sergeyev, “An iterative converter of

[2] 1. Sergeyev, “Research and Deve]opment of time interval to the Voltage,” Measurement
Integrating Measurement Converters with the Equipment, no. 7, pp. 15-17, 1976. (in Russian).
Iterative Additive Correction of Errors,” Ph. D.

(Engineering) Thesis, Kyiv Politechnical Institute, Received January 11, 2016.

Kyiv, Ukraine, 1978. (in Russian).

Sergeyev Igor. Ph. D. Associate Professor.

Aviation Computer-Integrated Complexes Department, National Aviation University, Kyiv, Ukraine.
Education: National Technical University “KPI”, Kyiv, Ukraine (1973).

Research interests: automation of technological processors, measurement transducers.

Publications: 210.

E-mail: sergeyevi@i.ua

I. FO. CepreeB. Anani3 noreHniow040ro nugpo-aHaJ0roBoro nepeTBOPOBaYa 3 ypaxyBaHHAM HeieaabHOCTIOCTI
1oro 0/10KiB

Po3risiHyTo moTeHmio0UMi NU(pPO-aHaJIOrOBUH MEPETBOPIOBAY 3 ITEpPAIlifHOI aJUTHBHOIO KOPEKIIE MOXHUOOK.
BukonaHo aHaii3 MoxuOOK LFOTO MEPETBOPIOBAYa 3 YpaxyBaHHSIM HEiJeanbHOCTI Horo OnokiB. OTpuMaHi piBHSHHS
MIEPETBOPEHHSI Ta TMPOBEJICHHWH aHal i3 MOXWOOK JI03BOJIATH CTBOPUTH BUCOKOTOYHHWI IIOTEHIiIOI0YHMHA 1udpo-
aHaJIOrOBUI MEPETBOPIOBAY.
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