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Introduction

Modern analog—to—digital converters (ADC) have to
meet numerous contradictory requirements. They are: high
speed, precision, number of bits, small number of
components, low power consumption, small area in the
chip, low price and high reliability. To meet these
requirements, the ADC architecture must be constantly
improved.

In literature [1] the theory of folding circuits is
analyzed but the simulation results of real circuits are not
presented. In literature [2—5] there is no circuit quality
quantitative evaluation how parameters depend on the
delay time in the circuit.

Aim of the work

The first aim is: to show, that theory, created in [1], is
working in practical cases.

The second aim is: to choose circuits and to refine
them, then to choose models of transistors, the nominals of
components, to make analysis of created circuits, and to
verify theoretical conclusions that where made earlier [1],
and to estimate the limitary parameters of the signal
folding circuits.

Simulation of dynamic characteristics of the signal
folding circuit (SFC)

In this paper we will perform simulation of the circuit
dynamic characteristics of the signal folding according to
voltages with the P-Spice package. For the circuit
simulation we will use improved models of the 0,5 um
bipolar transistor technology. The structure of the
simulated system is presented in Fig. 1.
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Fig. 1. Structure of the simulated system

In parallel converters the number K of comparators as
well as the number of components in the chip depend on
the number N of bipolar bits according to the equation

K =2% . The use of the folding circuit allows significant
reduction of the number of comparators in the converter [1,
2]. The main parameter of the folding circuit is the folding
coefficient which is calculated by equation [1]:
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where M, is the highest possible folding coefficient;

Jmax 18 the largest frequency of the analog input signal
spectrum,

N is the number of ADC bits;

7 is the input signal delay time of ADC.

This equation (1) is correct when 2N h =4, where h
is the value of the least significant bit (LSB), V, and 4 is
the full scale value.

In literature [1] it is determined that the optimal
folding coefficient M can be 4 — 8. Therefore, in designing
precise ADC, part of comparators has to be used without
the signal folding circuit.

For the simulation of characteristics of the SFC and
the comparator we chose basic comparator and folding
circuits referring to literature [2]. The simulated circuits
are presented in Figs. 2 and 3.
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Fig. 2. Circuit of the simulated comparator
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Fig. 3. Circuit implementing the signal folding when M
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Fig. 4. Time diagrams of the circuit implementing the signal folding when M =10
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Fig. 5. Time diagrams of the circuit implementing the signal folding when M/ = 12
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Analysis of simulation results

Signals obtained by simulating circuits when M = 10
and 12 are shown in Figs. 4 — 5. The following signals are
shown: the analog input voltage, the folding circuit
reference voltages, folding circuit output voltages, the
comparator control signal and the comparator output
signal. For clarity, the ,,Clock® signal is presented of the
reduced amplitude and shifted on the voltage axis.

Comparator output signal is without any intense
distortions (Fig. 4). In Fig. 5, comparator output signal is
quite worse, especially on the left and right sides. It means,
that the SFC works well until the signal folding factor M <
10.

From the Fig. 4, 5, and other simulations results, that
are not presented in this paper, we measured some
practical dependences of M, and presented them in figures
6-38.

From Fig. 6 we see that when M increases, the analog
signal variation speed must be decreased in order to have
still working circuitry. In Fig. 7 we see, that the required
signal sensitivity Awu depends on M, and rapidly
decreasing, what means, that it needs more sensitive
comparators. In Fig. 8 we see, that the circuit driving speed
fcrx also decreases, but this is associated with input

signal frequency, and signal variation speed.
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Fig. 6. Experimental dependence of the analog signal variation

speed v, on the folding coefficient M
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Fig. 7. Experimental dependence of the required comparator
sensitivity Au on the folding coefficient M
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With the further attempt to increase M, the circuit
missed the codes. It has been determined that codes were
missed due to nonlinearity of the transistor volt-ampere
characteristics on the edges of these characteristics.

It is seen that with the M increase the voltage
difference Au decreases. The highest allowable frequency
of the analog input signal spectrum decreases also. The
comparator driving speed fryx during simulation was

related to the signal frequency. We also see that the
parameters degenerate nonlinearly — a sudden worsening is
observed between M = 10 and M = 12. Therefore, it is
recommended not to use M > (8 — 10). And to use other
circuitry solutions to minimize number of components.

In order to even more reduce the number of the
circuit components, the signal interpolation, the theory of
which is described in [6], can be applied. Another way is
to use the cascade folding, i.e. using rather small M = 4, to
restore the signal amplitude and to have several such
cascades. In literature [3 — 5] up to 3 cascades can be
found. Alongside with interpolation such solutions would
allow reduction of the number of comparators in
converters.

By increasing M, the output signal amplitude after
folding decreases approximately M times. Since both
positive and negative output signals are applied to the
comparator after folding, this allows eliminating the
influence of the irregular form folded signal and the
amplitude. It is important that the amplitude difference
should remain larger than the comparator sensitivity and
the folded signals at their intersection points should be
linear.

It has been determined, that created system operates
properly only when M is in the range from 4 to 12. When
M is large, system starts to miss codes and becomes
unusable. It also has been observed that the best results for
the circuit are when M =4, 6, 8.

It has been determined that the optimal folding
coefficient is 4 — 8. When M is larger, the requirements for
the comparator sensitivity become more rigid and the
signal processing speed becomes lower. E.g., when M = §,
the signal variation speed J can be 250 mV / ns, and the
comparator sensitivity Au of 175 mV is sufficient. When
M=12,V =125 mV /ns, Au must be not higher than 31,5
mV. By simulating the circuit when M > 12, it has been



determined that codes were missed. It is related to the
nonlinearity of transistor volt-ampere characteristics on
the edges of these characteristics. With the aim to increase
M > 12, it is necessary to choose a sensitive comparator,
to optimize the input signal dynamic range and to reduce
the signal processing speed.
Other reasons which limit folding coefficient are:

- systems with larger folding coefficient require more

attention for comparator sensitivity;

- input analog signal dynamical range;

- allowable clock frequency becomes lower.

Conclusions

The fast and precise ADCs, that consist of folding
and comparator circuits, was simulated.

It has been determined, that created system operates
properly only when M is in the range from 4 to 12. When
M > 12, system starts to miss codes and becomes
unusable.

It has been determined that the optimal folding
coefficient is 4 — 8. When M is larger, the requirements for
the comparator sensitivity become stricter and the signal

References

1. Marcinkevifius A, Jasonis V. Interpoliaciniy analoginés
informacijos keitikliy struktros analizé ir skaiCiavimas //
Elektronika ir elektrotechnika. — Kaunas: Technologija. — 2003. —
Nr. 7(49). — P. 30 - 34.

2. Vessal F., Salama C. A. T. An 8-Bit 2-Gsample/s Folding—
Interpolating Analog—to—Digital Converter in SiGe Technology //
IEEE Journal of Solid-State Circuits, 2004. — Vol. 39. — Ne 1. —
P. 238 —241.

3. Limotyrakis S., Kulchycki S. D., Su D. K., Wooley B. A. A
150-MS/s 8-b 71-mW CMOS Time-Interleaved ADC // TEEE
Journal of Solid—State Circuits. — 2005. — Vol. 40, No. 5. — P.
1057 — 1067.

4. Thirugnanam R., Ha D. S., Choi S. S. Design of a 4-bit 1.4
GSample/s Low Power Folding ADC for DS-CDMA UWB //
2005 IEEE International Conference on Ultra—Wideband ICU. —
2005. —P. 536 — 541.

5. Azin M., Movahedian H., Bakhtiar M. S. An 8-bit 160 MS/s
Folding—Interpolating ADC with Optimized Active Averaging /
Interpolating Network // IEEE International Symposium on
Circuits and Systems ISCAS. —2005. — Vol. 6. — P. 6150 — 6153.
6. Marcinkevi¢ius A, Jasonis V. Calculation of Interpolation
Parameters in the Comparator Analog Information Converters //
Electronics and Electrical Engineering. — Kaunas: Technologija.

processing speed becomes lower. —2006. - Ne 5 (69). — P. 5 - 8.

Submitted for publication 2006 10 05

V. Jasonis, D. Poviliauskas, A. Marcinkevi¢ius. Simulation of the Integrated Signal Folding Circuit with P—Spice // Electronics
and Electrical Engineering. — Kaunas: Technologija, 2007. — Nr. 1(73). — P. 37-40.

The dynamical characteristics simulation results of the analog signal folding circuit for comparator ADCs were presented. The
transient processes at differential folding and comparator stages switching points were simulated using improved models of real
transistors and software P — Spice, when folding factor M =4, 6, 8, 10, 12 and more, and when clock signal’s frequencies are from 6,25
GHz to 4,1 GHz. It has been determined that the optimal folding coefficient is 4-8. When M is larger, the requirements for the
comparator sensitivity become more rigid and the signal processing speed becomes lower. E.g., when M = §, the signal variation speed v
=250 mV / ns, and the comparator sensitivity Au =175 mV. When M= 12, v=125mV /ns, Au < 31,5 mV. By simulating the circuit
when M > 12, it has been determined that codes were missed. It is related to the nonlinearity of transistor volt—-ampere characteristics on
the edges of these characteristics. With the aim to increase M > 12, it is necessary to improve sensitivity of comparator, to optimize the
input signal dynamic range and to expand the linear part of folding amplifiers transistors volt-ampere characteristics. Ill. 8, bibl. 6 (in
English; summaries in English, Russian and Lithuanian).
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ITpuBeneHs! pe3ynbTaThl MOAETUPOBAHNS JUHAMUYECKUX XapPAKTEPHCTHK CXEMBI CBEPTKM aHAJIOTOBOTO CHI'HANIA PUMEHUTENBHO K
kommapatopabiM ALIIL. Mcmons3yst yCOBEpIIEHCTBOBAaHHBIE MOJAEIH PEalbHBIX TPAH3UCTOPOB M makeT P — Spice, cMopennpoBaHbI
MEePEXOAHBIE IPOIECCH B TOUKAX MEPEeKIIoueHUs Au(depeHInanbHbIX KacKaJoB CBEPTKU 1 KOMITApaTopa Mpu K03 uImeHTe CBEPTKI
M = 4,6, 8, 10, 12 u Oonple, IPH YaCTOTE TAKTOBBIX MMITYIbcOB OT 6,25 I'T'm no 4,1 I'Tn. YcTaHOBIEHO, YTO ONTHMATBHBIN
kodhdurment cBéptku paseH 4-8. IIpu Gompmem M, 3HAUUTENBHO YXKECTOUYAIOTCS TPEOOBAHHS K TyBCTBHTEIBLHOCTH KOMIIApaTopa,
YMEHBIIAETCsl CKOPOCTh JUCKpeTH3anuy currana. [Ipu koapduimente cBEptkn M = 8, ckopocTh n3MeHeHust currana v =250 mB / He, a
YyBCTBUTENBHOCTH Kommaparopa Au = 175 MB. Ilpu M = 12, v =125 MB / He, a Au < 31,5 MB. Tlpu MoenupoBaHud cxemsl ¢ M >
12 ycraHoBIeHAa HECTaOMIBHOCTH PabOThI KOMIIApaTtopa W HOTEps KOXOB. DTO CBS3aHO C HEIMHEHHOCTSMH BOJBTAMIIEPHBIX
XapaKTePUCTUK TPAH3UCTOPOB B KpasX 3THX XapakrepucTuk. JKemas yBenmunTb M > 12, TpeOyeTcs yNydlIHTh UyBCTBHUTENBHOCTh
KOMIIapaTopa, ONTHMHU3HPOBAaTh AUHAMUYECKUI AMANa30H CUTHATAa U PACHIUPUTh JUHEHHBIN y4acTOK BOJNTAMIIEPHBIX XapaKTEPHUCTHK
cBEpTouHbIX ycmurenei. V. 8, 6ubi. 6 (Ha aHTIMHCKOM S3BIKE; pedepaThl Ha aHTIMHCKOM, PYCCKOM H JTUTOBCKOM $13.).

V. Jasonis, D. Poviliauskas, A. Marcinkevi€ius. Signalo sasiikos integrinés schemos modeliavimas naudojantis paketu P—Spice //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 1(73). — P. 37-40.

Pateikti analoginio signalo sastikos schemos, skirtos komparatoriniams ASK, dinaminiy charakteristiky modeliavimo rezultatai.
Pasinaudojant patobulintais realiy tranzistoriy modeliais ir paketu P — Spice, sumodeliuoti pereinamieji procesai diferencialiniy sasiikos
ir komparatoriaus pakopy persijungimo taskuose, esant sasiikos koeficientui M =4, 6, 8, 10, 12 ir daugiau, kai taktiniy impulsy dazniai
yra nuo 6,25 GHz iki 4,1 GHz. Nustatyta, kad optimalus sastikos koeficientas yra 4-8. Did¢jant M, smarkiai grieztéja reikalavimai
komparatoriaus jautrumui, sumazéja signalo diskretizavimo greitis. Kai sastikos koeficientas M = 8, signalo kitimo greitis v = 250
mV/ns, o komparatoriaus jautris Au = 175 mV. Kai M =12, v =125 mV / ns, o Au < 31,5 mV. Modeliuojant schema, kai M > 12
pastebéta, kad komparatorius veikia nestabiliai ir prarandami kodai. Tai susij¢ su tranzistoriy voltamperiniy charakteristiky netiesiSkumu
Siy charakteristiky kraStuose. Siekiant padidinti M > 12, biitina pagerinti komparatoriaus jautrj, optimizuoti signalo dinaminj diapazona
ir iSplésti sasiikos stiprintuvy voltamperiniy charakteristiky tiesing dalj. I1. 8., bibl. 6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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