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Abstract. For the results of simulating the operation of analog-digital converters, we chose
such a converter as the serial approximation ADC (SAR ADC). A sequential approximation ADC is
a type of analog-to-digital converter that converts a continuous analog waveform to a discrete digital
representation by binary search through all possible quantization levels before finally converging on a
digital output for each conversion. There are three important blocks in the SAR ADC architecture: the
sample and hold circuit (Sample and Hold, S/H), the comparator, and the SAR block. The topology
and principle of operation of which was modeled in the Micro Wind software environment.
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B JIMCKpETHE HU(POBE MPEICTABICHHS 3a JOTIOMOTO0 IBIHKOBOTO IMOIIYKY Yepe3 YCi MOXKJIIMBI piBHI
KBaHTYBaHHS MEPe OCTAaTOUHUM 30JMKEHHSIM 10 HU(POBOTO BUXOAY IJISi KOKHOTO MEPETBOPEHHS.
B apxitextypi SAR ADC € Tpu BakiuBi 61oku: cxema BubOipku ta 30epiranns (Sample and Hold,
S/H), xommaparop i 6ok SAR. Tomosnoris Ta npuHIUI poOOTH 3MOAETHFOBAHO B IPOTPAMHOMY Cepe/i-

ourl Micro Wind.

Kurouosi cioBa: ananoro-nudpoBuii nepeTBoprosad, nporpamue 3adesneueHuss MicroWind,

CyOMIKpOHHA TEXHOJIOTis

Introduction

The main application of the sample-and-
store scheme is in ADC. This function block
processes the analog input signal and stores the
value between tact. Many ADC topologies require
a stable input signal, which is provided by the S/H
circuit [1]. This reduces ADC error caused by
internal delay variations. Sometimes this circuit
element is called Track and Hold (T/H). Typically,
a sample-and-hold circuit contains a switch and
a capacitor. In trace mode, when the sampling
signal is high and the switch is connected, it
traces the analog input signal. It then holds the
value when the sample signal goes low in the hold
mode. Figure 1 shows a model of the S/H scheme
in DSCH 3.5

Sample Hold circuit

Fig. 1. Model of the sampling and storage
functional block in DSCH 3.5.

Results and discussion

During binary search, the analog input
signal is sampled and its sampled value is saved
by the S/H circuit. Two signals are applied to
the input: one is an analog input signal applied
to the transfer switch, and the other is a square-
wave sampling signal applied to the CMOS
rather than the gate, which is implemented using
advanced MOSFETs to sample the analog input.
The implementation of the sampling and storage
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block topology was carried out in the MicroWind
software environment (Fig. 2). [2,3].
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Fig. 2. Topology of the sample
and storage unit.

The input is a continuous analog signal, we
sample it and obtain a specific digitized value that
is stored at the output of the S/H circuit until the
input is sampled again, i.e. the sampling signal
goes low. In the above circuit, there are two types
of signals, one is the input analog voltage and the
other is the sample voltage. So, depending on the
sampling voltage, a signal is generated. In the
case of high sample voltage, the analog voltage is
held at a certain level for a certain time depending
on the on-time of the square-wave sample signal
[4—6]. S/H is usually implemented using a
capacitive matrix, and the difference between
successive samples is taken. The input signal
is sampled on the top plates when using load
switches. This increases installation speed and
input bandwidth. And at the same time the lower
plates are reset to Vyer.
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Fig. 3. S/H block simulation result.

The comparator is the only analog unit of
the SAR ADC and performs the actual conversion.
It compares the analog input signal to the analog
output of the DAC and generates a digital output
of «0» or «1» to be used in the SAR logic. The
comparator consists of two input terminals,
+V_in and -V _in, where the analog input voltage
is supplied.[7-8]. If the voltage at +V _in is less
than -V_in, then at the output of the comparator
V_out, «0» is output. But if -V_in is greater than
+V_in, then «1» is output. Therefore, comparators
are sometimes referred to as «single-bit ADCs»y.
The common mode range of a conventional
comparator is limited by current-voltage (I-V)
operations.
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Fig.4. A comparator topology built in MicroWind
is demonstrated.

And while in the middle of the power
range, switching may not be possible. Therefore,
a latched comparator can be used for a wide range
of input signal oscillation. The offset error in this
case depends on the MOSFET and the resistors.
This offset does not affect the overall linearity,
but does affect the global offset, which can be
removed digitally. Traditionally, the reset phase
stops the comparator after the proper input voltage
has been established.

Fig.5. The result of simulating the operation
of the comparator in MicroWind.

The last block of the SAR ADC is the
sequential approximation control register itself.
Serial approximation register (SAR) control logic
defines each bit sequentially. The SAR register
contains N-bits for an N-bit ADC. There are 3
possible states for each bit, it can be set to «1»,
reset to «0» or keep its value. In the first step,

31



Sensor Electronics and Microsystem Technologies 2024 —T. 21, Ne 1

the MSB is set to «1» and the other bits are
reset to «0», the digital code is converted to an
analog value via a DAC. The analog signal at
the output of the DAC is applied to the input of
the comparator and compared with the sampled
input. Based on the result of the comparator, the

SAR controller determines the value of the MSB.
If the input signal is higher than the DAC output,
the MSB remains at «1», otherwise it is reset to
«0». The remaining bits are defined in the same
way. In the last cycle, the converted digital code
is stored. Thus, an N-bit SAR ADC requires N+1

clock cycles to perform the conversion. SAR
i1s a combination of counter and combinational
logic. This helps achieve higher ADC resolution,
but also changes power consumption and signal
propagation delay accordingly [9].

A possible implementation of the topology
of such a signal converter is presented in Fig. 7.
It uses the previously mentioned function blocks:
S/H. DAC, Comparator and SA Register.

Conclusion

For low-rate samples, we can sample from
the lower bits. This therefore results in low
power consumption without affecting linearity.
The comparator bias voltage can also be formed
as a voltage source with the output of the S/H
circuit, which involves adding a bias to the
analog input. But the main disadvantage of this
technology is the high power consumption due
to the isolated S/H circuit. These types of circuits
are called internal S/H circuits and are typically
implemented using a binary weighted capacitance.
Thus, the MicroWind 3.1 software application
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Fig. 7. Modeled SAR ADC topology in the micro
wind software environment.
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was used to model and design the operation of the
DAC, as it is an open-source software tool for all
users that allows the design and simulation of an
integrated circuit at the physical description (IC)
level. Also, the DSCH3.5 program is a logic editor
and simulator of electronic circuits. DSCH3.5 is
used to verify the architecture of the logic circuit
before starting the microelectronics design.
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Summary

The purpose of the submission is a computer simulation of analog-digital converters, we chose
such a converter as the serial approximation ADC (SAR ADC).

It is shown for low-rate samples, we can sample from the lower bits. This therefore results in low
power consumption without affecting linearity. The comparator bias voltage can also be formed as a
voltage source with the output of the S/H circuit, which involves adding a bias to the analog input. But
the main disadvantage of this technology is the high power consumption due to the isolated S/H circuit.
These types of circuits are called internal S/H circuits and are typically implemented using a binary
weighted capacitance. Thus, the MicroWind 3.1 software application was used to model and design
the operation of the DAC, as it is an open-source software tool for all users that allows the design and
simulation of an integrated circuit at the physical description (IC) level. Also, the DSCH3.5 program
is a logic editor and simulator of electronic circuits. DSCH3.5 is used to verify the architecture of the
logic circuit before starting the microelectronics design
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Pedepar
MeToro JOCTIIKEHHS € KOMIT I0TepHE MOJICITIOBAHHS AM3aiiHy aHAJIOTO-IIM(POBUX MEPETBOPIO-
BauiB o0pano neperBoproBad AL nmocnigoBHoro HabmmxenHs (SAR ADC).
[Ipy BUKOHaHHI JOCHIXKEHHS 3A1HCHEHO aHali3 apXiTeKTypH iCHYIOUMX THIIB HU(pPO-
aHAJIOTOBUX MEPETBOPIOBAUIB, 3aCTOCOBAHO KOMIT IOTepHI CUMYIIILii y cepenosuii MicroWind.
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INokazaHo, 110 U1 HU3bKOLIBUIKICHMX BUOIPOK MOKHA pOOUTH BUOIPKY 3 HHKUMX OiTiB. Takum
YHHOM, 1€ IPU3BOAUTH 10 HU3BKOTO €HEProCIOKUBAaHHS 0e3 BIUIMBY Ha JiHIKHHICTh. Hampyra 3mi-
LIIEHHS KOMITapaTopa TakoX Moxe OyTu cpopMOBaHa sIK JPKEPEJIo HapyTrH 3 BUuxojoMm cxemu S/H, mo
niepea0davae JoaBaHHS 3MIIICHHS 10 aHAJIOTOBOTO BXOTy. AJie OCHOBHUM HEJIOJIIKOM ITi€T TEXHOJIOT11
€ BICOKE €HEeproCIOKUBaHHS yepes 1301b0Bany cxemy S/H. L1 Tunu enexTpuyHUX KiJl HA3UBAKOTHCS
BHYTpimHIMU Kona S/H, 1, 3a3BHuail peanizyroTbesi 3 BUKOPUCTAHHSIM ABIHKOBOI 3Ba)KEHOI €EMHOCTI.
Takum unHOM, Iporpamumii 1oaatok MicroWind 3.1 BUKOpHCTOBYBaBCS JIsl MOACIIOBAHHS Ta MPO-
exTyBaHHs poO6oTu LIATIl, oCcKiIbKH 11e TPOrpaMHUil IHCTPYMEHT 13 BIIKDUTHM BUX1IHUM KOJIOM ISt
BCiX KOPUCTYBauiB, KU 103BOJISIE MPOCKTYBATH Ta MOJIETIOBATH 1IHTETpaJibHY CXeMy Ha piBHI (i3uy-
Horo onucy (IC). JloriyHuM peaakTopoM 1 CUMYJIITOPOM €JIEKTPOHHUX cxeM € nmporpama DSCH3.5,
sIKa BUKOPHCTOBY€ETBCS JJIsl IEPEBIPKH apXITEKTYPH JIOTIUHOI CXEMU Mepe]l MOYATKOM MPOEKTYBAHHS
MIKpPOEJIEKTPOHIKH.

KurouoBi ciioBa: nudpo-aHamoroBuii nmepeTBoproBay, mporpaMmue 3adesnedenns MicroWind,
CyOMIKpOHHA TEXHOJIOTis
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