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Introduction

One of the structures of comparator converters is
analog—to—digital converters (ADC) with the signal
interpolation at the input [1, 2]. When the applying the
signal interpolation method the number of elements of the
converter decreases and the lacking information is restored
using the information of the remaining elements in outputs
[3 — 5]. According to the way of the lacking information
restoration, the interpolation can be passive and active. In
the case of active interpolation the information in the
strobing comparator input is restored using output signals
of two consecutive pre—amplifiers. Then the number of
amplifiers decreases twice. Using the passive interpolation,
the lacking information is restored applying the divider of
the interpolation resistors, which is switched in the outputs
of pre—amplifiers. The passive interpolation allows
reducing a larger number of amplifiers in the input than the
active one. The application of folding and interpolating
circuits decreases the requirements for the conversion
accuracy because the ADC quantization step increases.
The power consumption and the equivalent capacitance of
the input also decrease. But the introduction of the inert
circuit of interpolating resistors can reduce the speed of the
analog information conversion when the interpolation level
is chosen inadequately.

In this work dependences of the interpolation
parameters on the number of bits of the converter, the band
width of the analog signal frequencies and on the folding
coefficient are considered. The analytic equations are
derived and the modeling results are presented.

Calculation of the interpolation coefficient

A diagram of the parallel ADC with the folding
amplifiers FA; FA; ... FA;,, matrix of the interpolating
resistors R;;, Rpy ..., Ry Ry, Ry ..., Ry, the strobing
comparators C;, Cy, C;, ..., C; and the decoding unit is
presented in Fig. 1.

The interpolation level is called the interpolating
coefficient K, which depends on the decrease of the

number of amplifiers in the inputs of strobing comparators.
This coefficient K is determined from these requirements.
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Fig. 1. Fragment of interpolating ADC: F,,—F — differential
(folding) amplifiers, C;—C; — strobing comparators, R;;...Ry —
circuit of interpolating resistors.

The first requirement is that the voltage difference
Au between remaining consequitive amplifiers should not

exceed the limits of the transfer characteristic linear part of
the differential amplifier, i.e.

Au = Uout(i+k) ~ Youti < Uiy (1)

or

Uijn 2 Kby, @

where K is the number of unused amplifiers or the
interpolation coefficient; 4, is the value of the lowest bit or
the quantum size.

As for the N-bit parallel ADC



in (3)
thus from equations (2) and (3) we obtain

N
< Ulin (2 _1) )
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The quantum size, when the signal transformation is
used in the ADC input applying the folding circuit, is:
hy=h-Q; (5)

where Q is the convolution coefficient [1].
The quantum size of the converter with the folding
and interpolating circuits is:

hs—l =—. (6)

After evaluation of the transfer coefficient A4, of the
folding amplifier, from equations (5) and (6) we obtain that

hy - i, OA
by =22 MOy )
K " -nK
Equation (7) can be written as follows:
hg =y-h, ®)
Ag . . .
where y = is the analog signal transformation
coefficient. )

The second requirement is that the allowable aperture
uncertainty time duration Az, must be longer than the
interpolating circuit constant 7, , i.e.

At a >7 I (10)

The number of resistors in the interpolating circuit is
determined by the number of unused amplifiers, which is
evaluated by the interpolating coefficient K. The maximal
time constant of the interpolating circuit formed of the
resistor matrix R, — Ry can be calculated by an equation:

)

where R;,.., is the equivalent resistance of the resistor
matrix circuit of the interpolating divider, which evaluates
equivalent resistances of resistor R; chains and
metallization paths combining them; K — quantity of
chains.

C.ry 1s the equivalent capacitance of one RC chain is:

(12)

Cxmn 1s the capacitance of the comparator input; Cy, is
the capacitance of the metallization path; Cyp is the
equivalent capacitance of the integrated interpolating
resistor.
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The maximal time constant 7, of the interpolating

circuit of the comparator most distant from two boundary
folding amplifiers will be two times lower, i.e.

T
= % - 0’25Rin€kvceka2 .

(13)

The aperture uncertainty time duration allowable for
the converter for the sine form f frequency analog signal is
expressed by equation:

At, < hsi

Uin 27?f

By inserting (7) into (14) for the folding -
interpolating converter we obtain:

< 9
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By inserting (9) into (15), the expression can be
written as:

(14)

At (15)
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From (10), (11) and (16) after some rearrangements
we obtain such expression of the interpolation coefficient:

404
K= 3\/ g 2 ,
max 2" = Dinery

where: f,,, is the maximum frequency of the analog signal
spectrum;

(a7

(18)

TiVlekV = Rinekv : Cekv .
Calculation of interpolation errors

The signal interpolation is possible in the linear part
of transfer characteristics of the folding differential
amplifiers [1].

We will consider the interpolation error due to
nonlinearity of folding characteristics.

Output currents of the differential amplifier are
expressed by known equations:

1
I = . (19)
1+exp(_losj
Pr
1o
I = (20)

. exp[ui—uosj
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where [, is the current of the source; u; =ug —u; . ;

1, 1s the offset voltage of the transistor pair; oy =kT/q .

Output voltage deviations of folding amplifiers due to
nonidentity of parameters of differential transistor pairs
can be expressed by an equation:

IyR. 1 1
Ay =-0-—¢ -

. (21)
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or or




The deviations of current due to the offset voltage
deviation in boundary folding differential amplifiers 4, and
A are written by equations:

Al = I_Oth(MJ’ (22)
2 201
N I_Oth Augsgs ) (23)
45
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The maximal deviation of output currents at ,,zero“
points for the boundary folding amplifiers is

ALy g5 = 20| gpf Bllosdr | gyl Altosas || - (o4
Al-A5 2 2¢T 2¢T

The largest interpolation error according to the
current Al, will be due to the current deviations of the

boundary folding amplifiers. This error will also depend on
the folding and interpolating coefficients Q and K.

From equations (21), (22), (23) and (24) after
evaluation of Q and K and after some rearrangements we
can write the following equation:

sty =20l B ||y K (L 25)
2 Q2¢r Q2¢r

The interpolation current error Al,, due to initial

current deviations of differential amplifiers can be
determined by an equation:

(Q_K)'Auref
Aly; =—{1-th ———||. 26
0L { t ( 020 ﬂ (26)

Due current deviations (24), (25) and (26) the total
maximal interpolation error is as follows:
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The relative interpolation error from equation (27)
can be written by an equation:
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Assuming that voltage deviations in equation (28)
differ little and the interpolation error depends on
nonlinearity of transfer characteristics of folding
differential amplifiers, the interpolation error equation (28)
can be expressed by a simplified equation:
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where Auy;, is the linear part of the transfer characteristic
of the folding amplifier, J;— error in LSB.

Modeling results

Modeling results of frequency characteristics of the
ADC with folding and interpolating circuits are presented
in Fig. 2.
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Fig. 2. Dependence of the interpolation coefficient K; on the
maximal frequency of the analog input signal spectrum.
Calculation was made for: 4,=2V; Q0=8.curve | —-N=8, 7 =
250 ps;curve 2—-N=8, 7 =100 ps; curve 3—N=8, 7 =10 ps;
curve 4 —N=8, 7 =5ps;curve 5—N=10, 7 =250 ps; curve 6
—-N=10, 7 =100 ps; curve 7 —N=10, 7 =10 ps; curve § - N
=10, 7 =5ps.
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Fig. 3. Dependence of the interpolation error &; on the linear

part Auy;, length of the transfer characteristic of differential

amplifiers with K = 3, and folding coefficients Q = 6 (curve 1), 7
(curve 2), 8 (curve 3), 9 (curve 4), 10 (curve 5).

We can see that the speed f,,. of the interpolating
ADC with the folding amplifiers depends on the inertness t
of the interpolating resistor divider circuit and the number
N of converter bits. For example, the interpolation
coefficient of one GHz ADC is K=3, when N=8,Q =8
and T = 250 ps. In order to increase the number of
converter bits at the same K, T must be reduced. A higher



interpolation level can be achieved by reducing the
converter speed.

Modeling results of interpolation errors are shown in
Fig. 3. The error J; depends on the folding and

interpolation coefficients. The lowest interpolation error
(0.2-0.5 LSB) can be achieved by selecting a certain linear
part length of transfer characteristics of folding amplifiers.
When 6; <50 mV, the error increases very fast.

Conclusions

1. Theoretical analysis of interpolation parameters
evaluating the influence of folding circuits on the ADC
speed and accuracy was made. Equations for the
interpolation coefficient calculation with predetermined
main parameters of the converter, the signal spectrum, the
number of bits and the interpolation circuit inertness, were
derived.

2. Equations for the interpolation error evaluation,
depending on nonlinearity of transfer characteristics of the
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The theoretical analysis of interpolation parameters evaluating the influence of folding circuits on the ADC speed and accuracy is
made in the paper. The analytical equations are derived and dependences of interpolation parameters on the number of converter bits,
the analog signal frequency band width, and the folding coefficient are considered. Equations of for the interpolation error evaluation,
depending on the nonlinearity of transfer characteristics of differential amplifiers, folding and interpolation level, were derived. It has
been determined that the speed of the interpolating ADC with folding amplifiers strongly depends on the inertness of the interpolating
resistor divider circuit and the number of the converter bits. In order to increase the number of the converter bits with the same
interpolation coefficient, the circuit inertness must be reduced. A higher interpolation level can be achieved by reducing the speed of the
converter. The interpolation error depends on the folding and interpolation coefficients. The lowest interpolation error (0.2 — 0.5 LSB )
can be achieved by selecting a certain linear part length of transfer characteristic of folding differential amplifiers. Ill. 3, bibl. 5 (in
English; summaries in English, Russian and Lithuanian).

A. MapuunkaBuuioc, B. Slconuc. Pacuér mnapamerpoB wuHTepmojsiuuu kommapatopubix ALl / Diexkrponuka u
ynexkTpoTexHuka. — Kaynac: Texnosnorns, 2006. — Ne. 5(69). — C. 5-8.

IIpencraBneH TEOPETHYECKHH aHAJIM3 WHTEPIIOSLMOHHBIX IapaMeTpoB CBEPTOYHBIX KommapatopHseix ALl  BsiBomsrcs
QHAJIOTHYECKUE YPABHEHHS U HCCIEAYIOTCS 3aBHCHMOCTH MHTEPIIOJSALHMOHHBIX APAMETPOB OT DaspsIHOCTH, CTEHNEHH CBEPTKHU M
MAaKCHMaJIbHOHM YacTOTHI CIIEKTPa BXOJHOI'0 aHAJIOrOBOro curHaia. [loayueHo ypaBHeHHe JUls pacdeTa MOTrpelHOCTH UHTEPIIONIALMY, B
KOTOPOW Y4YHUTBIBAIOTCS HENUHEHHOCTh INEPEeNaTOYHbIX XapaKTepUCTHK IH(GQEpeHIMaNbHbIX YCHUIMTENeH U CTEeNeHb CBEPTKU H
MHTEPIOJSALIHA CUTHANA. Y CTaHOBJIEHO, 4To ObicTpoaerictBue ALl ¢ nHTepmossiuueld Ha BHIXOAE CHIIBHO 3aBUCHT OT MHEPLMOHHOCTH
Herneld MHTEPHO/SIIUKY ¥ Pa3psAHOCTH. J[isi yBeJIMYeHUs! CTEIECHH MHTEPHOJISINM HEoOXOAMMO yMeHbIIaTh ObicTpoxeiicTBue AIIIL.
[TorpenrHocTh MHTEPIOSALMY 3aBUCUT OT JIMHEWHOCTU XapaKTepUCTUK M MapaMeTpoB Lienei CBEPTKH M MHTEPHIOMIIH. MuHIMaIbHAs
norpemHocts (0,2 — 0,5 M3P) nomy4aercst BBIOOPOM IIMPHHBI JIMHEHHOr0 y4acTusl HEpefaTOUYHBIX XapaKTEPUCTUK CBEPTOUHBIX
nmuddeperunansapix yeunurenen. M. 3, 6ubin. 5 (Ha aHTIHHACKOM si3bIKe; pedepaTsl Ha aHTITHHCKOM, PYCCKOM U IATOBCKOM SI3.).

A. Marcinkevi¢ius, V. Jasonis. Komparatoriniy analoginés informacijos keitikliy interpoliacijos parametry skaiciavimas //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2006. — Nr. 5(69). — P. 5-8.

Atlikta teoriné interpoliacijos parametry analizé, jvertinanti sastikos grandiniy jtaka ASK spartai ir tikslumui. Sudaromos analitinés
lygtys ir nagrinéjamos interpoliacijos parametry priklausomybés nuo keitiklio skil¢iy skaiCiaus, analoginio signalo dazniy juostos
plocio, ir sastikos koeficiento. Sudarytos lygtys interpoliacijos paklaidai jvertinti priklausomai nuo diferenciniy stiprintuvy perdavimo
charakteristiky netiesiSkumo, sastikos ir interpoliacijos laipsnio. Nustatyta, kad interpoliacinio ASK su sastkos stiprintuvais sparta labai
priklauso nuo interpoliaciniy rezistoriy daliklio grandinés inertiSkumo ir keitiklio skil¢iy skai€iaus. Norint padidinti keitiklio skilCiy
skai€iy, reikia mazinti grandies inertiSkuma. Didesni interpoliacijos laipsni galima pasiekti mazinant keitiklio spartg. Interpoliacijos
paklaida priklauso nuo sastikos ir interpoliacijos koeficienty. Maziausig interpoliacijos paklaida (0,2 — 0,5 LSB) galima pasiekti parinkus
tam tikra sasiikos diferenciniy stiprintuvy perdavimo charakteristiky tiesinés dalies atkarpos ilgi. Il. 3, bibl. 5 (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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