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Introduction

Simulation of dynamic characteristics of the signal
sample and hold, folding and interpolating devices is
presented in the literature [1-4]. In this work we will
present the signal simulation results of the integrated 8 —
bit ADC, in which the above mentioned signal
transformation circuits are used.

CMOS (0.35 pum) and SiGe 7-8 — bit folding—
interpolating converters with the number of samples per
second from 10 million to 2 milliard are considered in [5—
7]. Block schemes, static—dynamic parameters, frequency
characteristics of separate blocks of converters and
experimental research results are presented. The converter
structure, circuitry solutions and interfaces between
separate blocks of signal transformation and decryption are
not revealed in the mentioned literature.

The analysis of construction of the 8-bit 4 milliard
samples per second converter and simulation results of
dynamic characteristics are presented in this work.

Analysis of construction of the sample and hold, folding
and interpolating ADC

The created functional scheme of the 8—bit ADC with
signal transformation circuits is presented in Fig. 1. It
consists of the sample and hold circuit SHC, 6 folding
blocks F1-F6, the interpolation block IB, logic “exclusive
or” element block XOR, the comparator block CB, the
encryption block EN and signal delay blocks DB1-DB4.
The basic electrical circuits of blocks were created and
simulation of their characteristics was performed.

The analog input signal passes to the sample and hold
circuit SHC (Fig. 1). SHC is controlled by clock signals,
which are matched with the comparator clock signals so
that the signal samples are used for further processing
when the signal does not vary. It allows avoiding the signal
conversion distortion related to different delays in the
signal and clock circuits of comparators.

After SHC, the signal passes to the signal folding
blocks F1 — F6, and also to the 4-bit parallel ADC. Thus,
half of bits are processed by the parallel converter.
Practically, it is much more important half of bits as they
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transmit information about higher bits of the signal, and
the error of even one bit would cause an impermissibly
large signal distortion.
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Fig. 1. Diagram of the structure of the 8-bit folding and
interpolating analog—to—digital converter

Lower 4 bits are processed in the folding and
interpolating blocks after which a much smaller number of
comparators is needed than in the case of the parallel
converter.
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Fig. 2. Time diagrams of input and output signals of the 8-bit folding — interpolating ADC

Both the 4-bit parallel comparator and the folding
blocks (F1 — F6) are switched to the reference voltage
formation circuit in a certain order.

From folding blocks the signals pass to the
interpolating circuit block and then together with signals of
higher bits — to the decoding circuit blocks. The 8-bit
binary signal is obtained in the decoder output.

Simulation of characteristics of the
interpolating converter

folding

The main parameters of the simulated converter are
presented in Table 1.

Table 1. Parameters of the sample and hold, folding and
interpolating ADC.

Frequency of the converter analog sine signal | (0-100) MHz
Number of binary bits 8 bits
Frequency of the converter clock pulses 4 GHz
Amplitude of the analog sine signal 1.6 V

Supply voltage of the converter 33V
Folding coefficient 8
Interpolation coefficient 6

Minimal dimension of  technology | 0.5 um
corresponding to the bipolar transistor model

parameters

Time diagrams of input and output signals of the 8—
bit folding - interpolating ADC are presented in Fig. 2. In the
figure there are also presented:

Uy (t) is the simulated input signal, the frequency of

which is 10 MHz;

D0 — D7 are ADC digital outputs corresponding to
the binary code, where D7 is the output of the highest bit,
and DO is the output of the lowest bit;
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“ZDI (t) is ,,DAC imitation output® — the signal

simulated by the package P—Spice according to equations
(1) and (2).

For the simulation of the converter electric circuits by
the program package P—Spice the parameters of the 0.5 pm
technology bipolar transistor models were used.

When simulating a full ADC system with sample and
hold, folding and interpolation circuits, it is important to
compare the input signal with the signal which was
reproduced according to the output 8-bit binary code of
the converter. For this purpose a digital-to—analog
converter should be used. In this work we simulate the
DAC function by the P-Spice package using an empirical
equation (1):

uopr(t)=1po(t)+ 2upy (£)+4up, (t)+8ups 1)+
1614 (£)+32ups(t)+ 64upg () +128up; (£), (1)

here uODI(t) is the DAC ,imitation” output voltage;

upy — up;are the digital output voltages of the simulated
ADC.

In Fig. 2, alongside with the input sine signal the
signal reproduced from the binary code DO0-D7 is
presented, which is calculated by the following empirical

equation:

_ugp(t)

= 2
32

uop; (1) -Uyp>

here U;=23,5V.

As it can be seen in Fig. 2, the analog signal
reproduced from the ADC output binary code agrees well
with the input sine signal. Pulse peaks in the reproduced



sine signal appear due to inaccuracies of compatibility of
ADC delay circuits.

By simulating the folding — interpolating ADC the
time characteristics of output signals D0-D7 were also
obtained at different input analog signal frequencies (5, 10,
15, 20, 30, 40, 50, 100, 500, 1000 MHz). The time
characteristics of the converter output signals at 10, 20,
and 40 MHz are shown in Fig. 4-6.

These characteristics show that the change range of
the binary code 8—output signals is from 3.1 to 3.3 V at
input signal frequencies up to f,. = 10 MHz. By further
increasing the frequency, the pulse amplitudes of lowest
bits decrease (Fig. 5, 6).

Having analyzed time diagrams of the converter
output signal, the dependence of the effective number of
bits change on the frequency of the input analog signal was
determined (Fig. 3).
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Fig. 3. Dependence of the effective number of bits (ENOB) on
the input signal frequency f

The characteristic in Fig. 3 shows that the effective
number of bits of the created folding — interpolating
converter is 8 bits at the input signal maximum frequency
of 10 MHz. By increasing the input signal frequency, the
number of effective bits decreases and the accuracy of 6
bits is obtained at the input signal frequency of 50 MHz.
The frequency can be improved by using transistor models
of more advanced technology (SiGe or CMOS 0.35 um) or
by reducing the folding and interpolation coefficients.
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Fig. 4. ADCS output signals at the 10 MHz input frequency

As it can be seen in Fig. 4, all eight digital output
signals fit into the range from 3.1 to 3.3 V. By
predetermining the understandable error of 10 % according
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to voltages, we still see that the error is not exceeded.
Thus, the number of effective bits is equal to 8 bits.
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Fig. 5. ADC output signals at the 20 MHz input frequency
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Fig. 6. ADC output signals at the 40 MHz input frequency
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By simulating by computer with the Pentium 4
processor, the clock frequency of which is 3 GHz and
RAM of 1 GB, one cycle of the transient process
simulation lasted about 8 hours when calculating a full
input signal sinusoid (Fig. 2) and about 1 hour when
calculating short time periods (Fig. 4-6).

Conclusions

The structure of the folding and interpolating analog—
to—digital converter was created, which includes the signal
sample and hold, folding and interpolating circuits, the
electric schemes of which are formed on the basis of
bipolar silicon transistors.

The  methodology of simulating  dynamic
characteristics of the 8-bit binary converter was developed
as well as dynamic characteristics of the converter with
signal transformation circuits were simulated and
parameters were investigated.

It has been determined that the maximum number of
bits per second of such a converter reaches 4-10°, and the
number of effective bits is 8 when the analog signal
maximum frequency is 10 MHz. By increasing the analog
signal frequency, the number of effective bits decreases
and it is equal to 4 at 100 MHz. The analog signal
maximum frequency of the folding — interpolating ADC
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The structure of the folding and interpolating analog-to-digital converter, which includes the signal sample and hold, folding and
interpolating circuits, the electric circuits of which are formed on the basis of silicon bipolar transistors of the 0.5 um technology, is
presented. The methodology of simulation of dynamic characteristics of the created 8-binary bit converter and calculation of the digital
output signal form was developed. The results of simulation of dynamic characteristics of the converter with signal transformation
circuits and investigation of frequency parameters are presented. It has been determined that the maximum number of samples per
second of such a converter reaches 4-10°, and the number of effective bits with the analog signal maximum frequency of 10 MHz is 8. It
has been shown that by increasing the analog signal frequency the number of effective bits of the converter decreases and at the 50 MHz
frequency it is equal to 6. The investigations have shown that the analog signal maximum frequency of the folding-interpolating ADC
can be increased by reducing the folding and interpolation coefficients. When the interpolation coefficient is K = 4 and the folding
coefficient is M = 3, the analog signal f,,,, for the 8-bit converter could be about 1 GHz. Ill. 6, bibl. 7. (in English; summaries in English,
Russian and Lithuanian).

A. WN. Mapuunksasuuioc, B. Sconmc, JI. IMoBuasiyckac. MopeJupoBaHHe CHTHAJOB B HMHTErPAIbHOM CBEPTOYHO
uHTepnojasuuonHom AL // DaekTponuka u nekrporexuuka. — Kaynac: Texnonorus, 2007. — Ne 5(77) . — C. 29-32.

IIpuBenena crpykrypa céprouno umuTepnoismuonHoro ALl (CHUAILII), B coctaB KOTOPOro BXOAWUT YCTPOHCTBO BEIOOPKH U
XpaHEeHUs, CXeMbl CBEPTKM W HHTEPIOJSIIMHM CHTHANa. DJIEKTPHYECKHE CXEMBl pa3paboTaHbl Ha OMIIONAPHBIX TPAH3UCTOPAX C
napamerpamu mozenedt npu 0,5 mMuxpoHHOH TexHosoruu. Co3laHa METOAUMKA MOJEIMPOBAHMSA JUHAMMYECKUX XapaKTEPUCTUK M
pacueta curHanos BocbMupaspsigHoro CHMAIIL. IIpeactaBiaeHsl pe3yabTaThl UCCIEAOBAHHSA YACTOTHBIX XapPAKTEPHCTHK M OCHOBHBIX
TOYHOCTHBIX mapameTpoB Takoro ALIII. ITokazaHo, uTo MakcuManbHas 4acToTa BeIOOpKH nocturaet 4 I'T'w, u mpu yacToTe aHAJIOrOBOTO
curfana 10 MI'm obGecniednBaeTcst BOChbMUpA3psAHas TOYHOCTh NIPE0OPa30BaHMA. Y CTAaHOBICHO, YTO MPH yBEINYCHUH MaKCHMAaIbHOI
YacTOTHI aHAJIOTOBOTO CHTHAJIa TOYHOCTH peoOpa3oBaHust yMeHbIIaeTcs U npu gactore S0 MI'm mamaet no 6 paspsgos. MccnenoBanus
MOKa3ajM, 4YTo JanbHeimee yBenmuenune ObicTponedicTBusi CHAIII Bo3MOXHO Ipu yMeHbHOIEHHH KOX()(UIMEHTOB CBEPTKH U
MHTEPIIOISNUY Lenel TpancdopManuy ananorosoro curxana. [lpu kosgdunuenre natepnomsinun K = 4 u xoaddunuenrte ceépren M
= 3, BOCbMHpa3psiiHasl TOYHOCTh MOXET OBITh MOJTyUYeHa IIPH MaKCUMAJIBHOM 4acTOTe aHalIoroBOro curHaia oxoso oguoro I'T. M. 6,
6161. 7 (Ha QaHITIMHCKOM sI3bIKe; pedhepaThl Ha aHTIIMHCKOM, PYCCKOM H JINTOBCKOM s13.).

A. J. Marcinkevi¢ius, V. Jasonis, D. Poviliauskas. Signaly modeliavimas sasiikos ir interpoliacijos integriniame ASK //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 5(77). — P. 29-32.

Pateikta sastkos ir interpoliacijos analoginio-skaitmeninio keitiklio sandara. [ ji jeina signaly imties ir laikymo, sasiikos ir
interpoliacijos grandynai, kuriy elektrinés schemos sudarytos silicio dvipoliy tranzistoriy pagrindu, esant 0,5 mikrometro technologijai.
Sudaryta sukurto 8 dvejetainiy skil¢iy keitiklio dinaminiy charakteristiky modeliavimo ir skaitmeniniy i$¢jimo signaly formos
skai¢iavimo metodika. Pateikti keitiklio su signalo transformacijos grandinémis dinaminiy charakteristiky modeliavimo ir dazniniy
parametry tyrimo rezultatai. Parodyta, kad tokio keitiklio maksimalus iméiy skaiGius per sekunde siekia 4:-10°, o efektyviujy bity
skaiCius, kai analoginio signalo maksimalus daznis 10 MHz, lygus aStuoniems. Parodyta, kad, didinant analoginio signalo dazni,
keitiklio efektyviyju bity skaicius mazéja ir, esant S0 MHz, lygus 6. Tyrimais nustatyta kad sastikos ir interpoliacijos ASK analoginio
signalo maksimaly dazni galima padidinti maZinant sastikos ir interpoliacijos koeficientus. Esant interpoliacijos koeficientui K = 4 ir
sastikos koeficientui M = 3, analoginio signalo f,,,. 8 bity keitikliui galéty bati apie 1 GHz. Il. 6, bibl. 7 (angluy kalba; santraukos angly,
rusy ir lietuviy k.).
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