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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; E0 is reference voltage; N = λ + µ are the 
input code; Uout  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 U0, 
corresponding to input code N = 0 dB: 

N (dB) = 20 lg Uout /U0. 

Equation of converting of this potentiation con-
verter: 

/20
out 010 .NU U  

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

λ/20 μ/20
out 010 /10 .U U   

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

1 0 λ SH RP A 0 0 H( λ / )U E K K K K f RC U Q   

and 

2 0 λ SH RP A 0 H 0 H( λ / )(1 ) ,U E K K K K f RC Q U Q    

respectively, where: Kλ , Kμ, KSH and KRP , KA , KVD – 
are transfer coefficients of the devices CC1, CC2, 
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SH, OC and BC respectively, f0 is reference frequen-
cy; R and C resistance and capacitance of integra-
tor’s resistor and capacitor respectively; and 

μ SH RH P A VD 0µ / .1 K K K K K f CQ R   

Output voltage of the code-voltage converter af-
ter the end of n.th cycle;  = 1,j n : 

j 1
0 λ SH RP A 0 H 0 H

j 1
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where nU  is output voltage of the code-voltage con-

verter after the end of n.th cycle;  = 1, .j n  
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Fig. 1. Potentiation digital-to-analog converter 

If the condition |QH| < 0 is fulfilled, output vol-
tage of the potentiation digital-to-analog converter at 
the steady-state condition (n→∞) is determined by 
the expression  
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The relative error of conversion γn : 

HΔγ ,
n
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where 0Δ .U U U   
Number of cycles n, corresponding to this error 

γn: 
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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 0E , I , VD , E , VD , re-
spectively, reference voltage source 0E , an integra-
tor I and a back converter BC, the error of the time 
intervals T1 and T2 formation and it’s jitter, we use 
the results obtained in [1], expressions, denoting, 
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respectively, through 1T , 2T , Up1 , Dn1 , 

Up2 , Dn2 the relative errors of interval T1 and T2 
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 T1 and T2, respectively, equal to 

Up1 Dn1 Up2 Dn21 1 , 2 2 ,
2 2

T T T T
     

      

where Up1 , Dn1 , Up2  and Dn 2  are rise and fall 
times of the currents flowing through the SW1 and 
SW2 keys when switching with the approximation, 
respectively. 

The expressions obtained for determining the 
output voltage in the steady state MU  and AU  
with the multiplicative and additive errors,           

respectively, and the corresponding relative errors 
STM  and STA  are shown below, where I  and 

VD  are additive errors of the integrator I and the 
back converter BC given to the inputs of the respec-
tive blocks. 

0
M

VD VD

1(1 )
2(1 )

EE TU
K T

 


 
  

0
VD

VD

1 (1 )
2 E

E T
K T

      0
VD

VD

1 (1 )
2 E

E T
K T

    , 

M
STM VDE

U U
U

 




      , 

0 VD
1 2A

0 0

1
1

C I
T T

E T
U U

E E T U 


           
 

, 

0 VD
STA 1 2

0 0 1
C I

T T
E T

E E T U

  
        , 
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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 1OR  and 2OR , and resistance of the closed keys as 

1CR  and 2CR , respectively. 
Equations for determining the output voltage in 

the steady state RlU , the relative errors of output 
voltage in the nth cycle Rln  and in the steady state 

St Rl  in view of these resistances of keys SW1 and 
SW2 [5], [6] are shown below. 
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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 



I.Yu.Sergeyev  Analysis of the Potentiation Digital-to-Analog Converter with Accounting of Imperfection               79 
 
of the results of theoretical research. Basic expres-
sions for the calculation of these errors are listed and 
it allow you to create such high-precision potentia-
tion digital-to-analog converter.  
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