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FAST-ACTING ANALOG-TO-DIGITAL CONVERTER
WITH WIDE DYNAMIC RANGE

Abstract - The method of fast-acting analog-digital transformation of signals is in-process offered with improving
dynamic parameters, in which unlike existing the second digital processing of results of transformation of separate integral
microcircuits of analog-to-digital converter is used, that results in expansion of dynamic range.
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.. BOPTHUK, M.B. BACUJIbKIBCHKUIA, M.JI. MIHOB

BiHHMLBKYI HAL[IOHATBHUN TEXHIYHUNA YHIBEpCUTET, YKpaiHa
IBUJKOAIMHUN AHAJIOT O-IIA®POBUI MEPETBOPIOBAU 3 IIMPOKUM JUHAMIYHHAM JJIALTA3OHOM

Y po6omi 3anponoHosaHo memod weudkodiliHo20 aHa1020-yudposo2o nepemeopeHHs Cu2Hai8 3 NOKpaujeHuUMu QUHAMIYHUMU
napamempamu, y IKOMy HA 8i0MIHY 8i0 ICHYHYUX 8UKOPUCMOBYEMbCS 8MOpPUHHE Yugdpose 06pob/ieHHs pe3yabmamie hepemeopeHHs
okpemux iHmezpaavHux mikpocxem (IMC) anasnozo-yugdposux nepemesoprogauie (ALII), wo npuszsodums 0o po3wWupeHHs OUHAMIYHO20
dianasoHy.

Memod no6ydosu wseudkoditinux ALl gidpisHsembcsi 6i0 icHylOMUX muM, WO NOKpaujeHHs1 OUHAaMiuHoz2o diana3oHy
30ilICHIOEMbCA He NPOCMO WASIXOM NOCAI008HO20 CMPYKMYPHO20 HAPOWeHHS Ma10po3psadHux AL, a 3a paxyHok emopuHH020 Yyug@posozo
06pob.eHHs pe3y1bmamie nepemaopeHHs okpemux IMC AL|I1.

32i0H0 3anponoHo8aH020 Memody po3po6/ieHO CMpPYKMypHy cxemy weudkoodiiiHozo ALIl ma 30ilicHeHo aHaai3 duHAMIYHO20
diana3oHy 0asa daHo20 nepemeoprogadd. Peysvmamu aHanisy nidmeepouau nokpawjeHHs OuHamivHux napamempis ALIl, a came
JuHamivHuill diana3oH po3wupuecs NOPIBHSIHO 3 K/AACUYHOW cmpykmypow Ha 7+14 0B 3aaexcHo 6id kinekocmi BIC ALl kaacy
06p061H08AHUX CU2HANI8 MA CNIBBIOHOWEHHS MINC 8AACHUMU WYMaMU hepemeoprseaya ma wymamu KeaHmyeaHHs. OKpim moeo,
8us8U/I0CL, Wo OdaHuli memod no6ydosu € Heuymausum do HeidenmuuHocmi 3paskie IMC ALIl 3a napamempamu anepmypHoOi
HegusHa4eHocmi. BcmaHoeeHo, ujo npu po3xodiceHHAX y KoediyieHmax anepmypHo20 dpudxcaHHs Ha pieHi 10+50% dunamivHull diana3oH
3MIiHI0EMbCSL He3Ha4Ho y medicax 0,4+1,2 0b.

Kawuosi caosa: ananozo-yugdposuli nepemsoprogay, QuHamivHuli dianas3oH, efhekmuegHe Yuca0 po3psois.

Entry

Improvement of quality descriptions of measuring facilities, that function on the base of methodology of
digital signal processing depends on dynamic properties of analog-to-digital converter (ADC), that are basis of
highway of analog-digital transformation of signals of the informatively-measuring systems (IMS). Most difficult is
creation of ADC with the improved dynamic parameters that directly influence on efficiency of functioning of IMS
in the wide stripe of frequencies.

Certain results are got in works [1,2], what are sent to development of fast-acting ADC with a wide
dynamic range as integral microcircuits. The analysis of indexes of modern standards of ADC showed that a cost of
12-bit ADC of high fast-acting is in 10+20 times exceeds the cost of 10-bit ADC of analogical fast-acting ADC [3].
It is explained by sharp complication of circuit technology and technology of making of analog knots of 12-bit
ADC. Therefore an actual task is creation of wide-range ADC on the base of integral microcircuits (IMC) of fast-
acting transformers.

The aim of work is expansion of dynamic range of fast-acting ADC due to secondary digital processing of
results of transformation of separate integral microcircuits of transformers. For the achievement of the set aim it is
necessary to untie such tasks:

- to define the dynamic range of fast-acting ADC;

- to work out the method of expansion of dynamic range of fast-acting ADC;

- to analyse the dynamic range of worked out ADC.

Estimation of dynamic range of fast-acting ADC
One of basic dynamic parameters of ADC there is a dynamic range. By a basic factor that influences there

is power of noises of quantum on a dynamic range. As known [1], for an even scale power of noises of quantum
2

equals Pq = i]—z . From the brought expression over evidently, that power of noises of quantum does not depend on

the level of entrance signal, but determined only by the step of quantum. If an entrance twoarctic signal has

22U

m

q

By the parameter of signal that shows in how many times his amplitude exceeds a root-mean-square U

amplitude U, then the number of necessary levels of quantum of ADC equals N =

m?

rms >

m

there is a factor of spades kpf = . Other record of expression looks like for noise of quantum:

rms
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From here the dynamic range conditioned by a quantum equals :
B, _3N* U, o
T2 72
})q kpf Urms
More comfortable to estimate a dynamic range in decibels:
P N U,
D=10lg| = |=201g| — |+101g3+201g| —* |. (3)
£ Ky Uoms
At analog-digital transformation of signal from one source U;, =U,,,; and in such case will get:
N
D =20lg| — |+101g3. 4
k of

For 7 -bit of ADC will get N =2". Putting this value in (4), find analytical expression for an evaluation
D , conditioned a quantum:

D=6,02n-20lgk,, +4,8,[dB]. 5)

Thus, a dynamic range depends not only on the number of bits of ADC but also from description of the
converted signal. This expression takes into account only noises of quantum of ideal ADC and ignores existence of
surplus noises and harmonic distortions due to non-linearity of description of transformation of ADC.

Method of improvement of dynamic range of ADC

For the decline of level of lateral accordions it is possible to give on the entrance of ADC except an
entrance signal yet and additional noise. Amplitude of additional noise constituent must not exceed the step of
quantum of ADC ¢ . If for this case to execute deduction from the spectral constituent of sinewave signal of noise
frequency constituent, then it is possible to get the value of loss of bit of ADC:

ny =lo Ltk
=08 (6)

q

where  P; —is power of the artificially brought in low-level noise.
Analysing this expression, it is possible to assert that such method of improvement of dynamic parameters
of ADC is effective only for a case, when Pq >> Pd, id est for littlebit transformers. An offer method of

construction of such ADC is based on such positions. An entrance signal and ideally quantized noise of ADC are
sizes correlated and can be summarized coherently. Own noises of ADC — uncorrelated and summarized as a mean
quadratic value.
For simplification of analysis it is needed to take advantage of another dynamic parameter of ADC, that
characterizes his bit in the dynamic mode, is an effective number of digits [4]:
B+P
ne/' = n.vc - logZ s (7)
£

where 7. — is abit of one ADC in the static mode; P, —is power of own noises of ADC.

sc

Using previous statements about cooperation of own noises of transformer, noises of quantum and entrance
signal, it is possible to create ADC, the row of base of the same type transformers initial signals of that is
summarized enters in the complement of that. The effective bit of ADC, built on such principle, equals

L-P+JL-P P
S e —log,| 14— |, )

L-F, JL-P

q

ne/' = n.vc - 10g2

where L — is a number of base standards of ADC.
From it is here possible to find a dynamic range synthesized by such method of ADC:

D, =6,02n+4,8-6,02log,| 1 + —-20Igk,, . 9)

F,
JL-P

q
On the base of the got expression it is possible to build dependences of dynamic range of ADC on the

number L of base IMC transformers for different correlations ]% . On fig. 1 such graphic arts over are brought
q

for a case, when a sinewave signal comes on the entrance of ADC. As known, factor of spades of sinewave signal

k,=~2.

P
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Fig. 1. Dependence of dynamic range on a number IMC of ADC for a sinewave entrance signal

From fig. 1 evidently, that by an increase
> ADCI A— IMC of ADC a dynamic range gets better for a case,

when % =3 this parameter grows from 50 dB for
q

L7\ single ADC of to 57 dB for 16 IMC of ADC. And for
o n N?t,.) a case, when own noises of ADC exceed noises of

Ny a
quantum in 30 times, id est % =30, there is the
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namely: from 32 dB to 46,3 dB.

Structure of fast-acting ADC, the built on the
base of an offer method is brought around to fig. 2.
——N Output 7 -bit tire IMC it is connected ADC to the
input busses of summator (SM). An exit SM is
! connected with the address bus of ROM that performs
U,(t) the duty of setting of norms of value of output code of
ADC N(1,).
cu Number of address entrances ROM equals
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Fig. 2. Structure of fast-acting ADC is with a wide dynamic range m=n-+ ]10g 2 L[ . CU is intended for

synchronization of functioning of all constituents of ADC.
Analysis of dynamic range of worked out ADC
Will execute research of influence of aperture errors separate IMC of ADC on the dynamic range of
transducing synthesized in obedience to an offer method. If to consider that for # -bit of ADC an aperture error

must not exceed the step of quantum, then between frequency of discretisation £, » correlation takes place aperture

time 7, and relative aperture error:

%:47z-fs-z'a. (10)

Then aperture instability of separate IMC of ADC, on that it is built fast-acting ADC, it is possible to take
into account, using such expression:

11
T (1D

where A7, —isamaximal value of the aperture trembling of ADC.

Lkr:ﬂ{l_m}

With taking (11) into account, expression for the evaluation of effective bit of fast-acting ADC, that it is
built on IMC of ADC with the unidentical values of aperture time, will purchase such kind:

n,r =ng, —log,| 1+ —— (12)
efr sc 2 :
! NL - Pq
From here the dynamic range of fast-acting ADC equals:

D;, =6,02n+4,8—-6,02log, 1+L —201gk . (13)
\/L—r'Pq

Will analyse, as a dynamic range of fast-acting ADC depends on the number of unidentical IMC of ADC
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for the different values of aperture instability (fig. 3).
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Fig. 3. Dependence of dynamic range of fast-acting ADC on the number of unidentical IMC of ADC

Analysing the above-mentioned graphic arts, it is possible to assert that unidentity of aperture time of
separate IMC of ADC insignificantly influence on the dynamic range of fast-acting ADC. Even for a case when
divergences of aperture delays arrive at a 50 % difference in the change of dynamic range does not exceed 1,2
dB. This method of improvement of dynamic parameters of ADC is not sensitive to instability of aperture errors of
separate IMC of converters.

Conclusions

It offers to create the effective structures of fast-acting ADC with the use of procedures of summarization
and further being of middle results of transformation on a base IMC of ADC.

The results of analysis of worked out ADC showed that a dynamic range had broadened comparatively
with a classic structure on 7+14 dB depending on an amount IMC of ADC and betweenness by own noises of
transformer and noises of quantum. This method of construction is insensitive to the unidentity of standards IMC of
ADC on the parameters of aperture noise. It is set that at divergences in the coefficients of the aperture trembling at
the level of 10+50% a dynamic range changes insignificantly within the limits of 0,4+1,2 dB.
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