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Abstract. An 8-bit analog-to-digital converter based on a voltage-controlled oscillator using
180 nm CMOS technology from Mikron JSC with a supply voltage of 3.3 V for the analog part
and 1.8 V for the digital part is presented. The analog-to-digital converter has a wide range of
input voltages from 0 to 3.3 V. The transistor-level simulation of the analog-to-digital converter
in the time domain was performed in Cadence Virtuoso. The sampling rate was set to 1 MHz.
The power consumption is about 1.8 mW. The dimensions of the designed layout are 103 pm
by 109 um. With an input frequency of 50 kHz and an amplitude of 1.55 V, the post-layout
simulation shows an output SNDR of 36.48 dB (ENOB is 5.77 bits).

Keywords: analog-to-digital converter, voltage-controlled oscillator, linearity of the transfer
characteristic, digital synthesis

Acknowledgements: The production of the integrated microcircuit was carried out at the expense
of the Ministry of Education and Science of Russia within the framework of the federal project
“Training of personnel and scientific foundation for the electronic industry” under the state
assignment for the implementation of research work “Development of a methodology for
prototyping an electronic component base in domestic microelectronic production based on the
MPW service”.

Citation: Bystrov V.D., Morozov D.V., Pilipko M.M. An 8-bit wide input swing analog-to-digital
converter based on voltage-controlled oscillator. Computing, Telecommunications and Control,
2025, Vol. 18, No. 3, Pp. 123—130. DOI: 10.18721/JCSTCS.18311

© Bystrov V.D., Morozov D.V., Pilipko M.M., 2025. Published by Peter the Great St. Petersburg Polytechnic University


https://orcid.org/0000-0003-3403-0120
https://orcid.org/0000-0003-3813-6846

4yCTp017ICTBa N CUCTEMbI Nepeaayn, npueMa n obpaboTkn curHanos

-
I
KpaTkoe coobuieHne © 018
DOI: https://doi.org/10.18721/JCSTCS.18311 T

YK 621.3.049.774.2

BOCbMUPA3PALHbIA ALN C PACLUMPEHHDbIM
AWATNA3OHOM BXOA4HOIO CUIrHAJTIA HA OCHOBE I'YH

B./]l. boicmpoG = , [].B. Mopo3o6 ©®, M.M. lNununko

CaHKT-lMeTepbyprckmii MoAUTEXHUYECKMI yHMBepcUTeT MeTpa Beankoro,
CaHKT-MeTepbypr, Poccuitickan dPenepaums

= bystrov.vd@edu.spbstu.ru

AnHoTtanusa. [1peacraBieH BOCbMUpa3psAHbINA aHaloro-uugpoBoii npeodpa3zoBaTeib Ha OC-
HOBE TeHeparTopa, yIpasisieMOoro HanpstkeHueM, pazpaborantsbiit mo 180 kM KMOIT-TexHomo-
rum oT AO «MUKpOH» ¢ HaTIpskeHreM niuTanus 3,3 B B ananoroBoii yacty u 1,8 B B mudpoBoit
yacTu. AHanoro-1udpoBoii nmpeodpa3oBaTe/ib UMeeT PaCIIUPEHHBIA IUana3oH HamnpsoKeHUi
BxogHoro curHaia ot 0 1o 3,3 B. MoaenupoBaHue npeobdpasoBaTelisi Ha TPAH3MCTOPHOM YPOB-
He BO BpeMeHHOo#1 objactu npoBoauyiock B Cadence Virtuoso. YacTtora auckpeTuszauuu ObLia
yctaHoByieHa paBHoii 1 MIii. ITorpebiasiemast MOIIHOCTL cocTaBusia okojio 1,8 MBT. Pazmepsnl
pa3paboTaHHOI TOTIOJIOTMY KpUcTalia peodpa3osarenst coctapuwiu 103 mxm Ha 109 mxwm. [Tpu
YacToTe BXOAHOIro curHana, paBHoi 50 xIii, m amrumutyae 1,55 B, MomenupoBaHue ¢ yueToM
9KCTPaKIIMU IMapa3uTHBIX ITapaMeTPOB TOIMOJIOTUHN aHAJIOTO-LIM(GPOBOTO Mpeodpa3oBaTes Mo~
Ka3bIBaeT Ha BHIXOJE 3HaUYEeHKE OTHOILIEHUSI CUTHAJIA K IIYMY ¥ UCKaxXeHusM 36,48 nb (apdek-
TUBHOE YMCJIO OUT paBHO 5,77 OUT).

KimoueBsie cioBa: aHaaoro-un@poBoii mpeodpa3oBaTeIb, TEHEPATOP, YIIPaBISIeMbIil HATIpsIKe-
HUEM, JIMHEMHOCTD MepeJaTOuYHOM XapaKTepUCTUKH, IM(PPOBOI CUHTE3

®unancupoBanue: [1ponM3BOACTBO MHTETPATBHON MUKPOCXEMEI OBIJIO BBHITTOJHEHO 3a CYCT
cpencTB MUHHMCTepCTBA HayKW U BBICIIEro obpaszoBaHust Poccuiickoit Megepanuum B paMKax
denepanpHOTO MpoekTa «[loATOTOBKA KaApoB U HAYYHBIM (DYHIAMEHT IJIs 3JICKTPOHHOM TIpO-
MBIIIJIEHHOCTH» IO TOCYIapCTBEHHOMY 3aJaHUIO0 Ha BBIMOJHEHUE OMBITHO-KOHCTPYKTOPCKOM
paboThl «Pa3zpaboTka METOAMKM MPOTOTUIIMPOBAHNUS 2JIEMEHTHOI 6a3bl 2JIEKTPOHMKU Ha OTeue-
CTBEHHBIX MUKPO3JICKTPOHHBIX ITIPOM3BOJACTBAX Ha OCHOBE cepBrca MPW».

Jns murupoanmsa: Bystrov V.D., Morozov D.V., Pilipko M.M. An 8-bit wide input swing
analog-to-digital converter based on voltage-controlled oscillator // Computing, Telecommuni-
cations and Control. 2025. T. 18, Ne 3. C. 123—130. DOI: 10.18721/JCSTCS.18311

Introduction

The trend towards an increase in the number of sensors in areas such as the IoT, medical care
and mechanical engineering has led to an increased need to use many analog-to-digital converters
(ADCs). Since many devices are autonomous, ADCs must provide low power consumption [1—4].
Also, with the scaling of CMOS technology, there is a tendency to transfer the signal processing
complexity to the digital domain [5]. The mentioned trends are supported by an ADC based on a volt
age-controlled oscillator (VCO). The VCO-based ADC block diagram is shown in Fig. 1 (DU stands
for digital unit). The analog signal is sent to the VCO input. A VCO converts the input signal level into
the frequency of the output pulses. The digital unit counts the number of pulses per sampling cycle
and generates the corresponding binary code at the output. The typical values of the bit depth of
the ADC type in question depend on the technology used. For technologies larger than 100 nm, bit
depths of up to 10 bits are more common [6, 7]. In cases of implementation using technology less
than 100 nm, a bit depth of 15 bits is often found [8§—10].
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Fig. 1. Block diagram of an ADC based on a VCO

Circuit of the VCO

Fig. 2 shows the developed circuit of the VCO in complementary metal-oxide-semiconductor
(CMOS) technology. The VCO core is three inverters connected in a ring. These inverters are formed
by transistors M1—M6. Also, an output inverter on transistors M17 and M18 is connected to the
output of one of the inverters to reduce the rise and fall time of the output pulse signal of the VCO.
Limiting transistors M10—M12 and M14—M16 are used to control the frequency of VCO. These
transistors limit the current consumed by the VCO core inverters during operation. The lower the maxi-
mum current through the limiting transistors, the more time the inverter needs to recharge the parasitic
capacity of the next inverter, therefore, the lower the frequency of pulses. With the help of current mir-
rors formed by transistors M8, M9, M13—M 16, the maximum current through the limiting transistors
is set. The control current is formed by a voltage converter into a current formed by the transistor M7
and resistors R, R,, R,, R. The linearity of the VCO transfer characteristic is provided by the linear
transfer characteristic of the voltage-to-current converter [11]. Resistors R, R, R _provide an exten-
sion of the linearity range of the transfer characteristic. The resistor R, is used to adjust the VCO gain
[12]. By independently changing the channel width of the limiting transistors, the channel width of
the transistor M7, and the values of the resistors R , R, it is possible to set the required maximum and
minimum pulse generation frequency of the VCO.

Design of the ADC digital unit

The digital unit of the proposed ADC consists of a subtracting counter and a parallel register. The
counter counts the number of pulses received at its input during the sampling period. The counter’s
bit depth is equal to the ADC’s bit depth, in our case, it is 8 bits. The register is necessary to fix the
counter value according to the sampling cycle. To design the digital unit of the ADC, automatic syn-
thesis of digital circuits from the hardware description was applied. The hardware descriptions of the
counter, the parallel register, and the ADC digital unit are shown in Listings 1—3, respectively.
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Fig. 2. Circuit of the VCO

<

5

out

<

125



4yCTp017ICTBa N CUCTEMbI Mepeaayn, npuemMa n 0bpaboTkn CMrHanoB >

Listing 1. Hardware description of the counter

module sabstrcnt(r, ¢, X, y);
inputr, c, X;
output reg [7:0]y;
always @( negedge r, posedge x, posedge ¢)
begin
if(Ir)
y <='d255;
else
begin
if (¢)
y <='d255;
else
y<=y-dl;
end
end
endmodule

Listing 2. Hardware description of the parallel register

module parr(r,c,X,y);

inputr, c;
input [7:0]x;
output reg [7:0]y;
always @( negedge r, posedge c)
if (Ir)
y<=0;
else
y<=Xx;

endmodule

Listing 3. Hardware description of the ADC digital unit

module DU(r,c,x,y);
input r,c,X;
wire [7:0]w;
output [7:0]y;

sabstrent A(r,c,X,w);
parr B(r,c,w,y);

endmodule

The digital unit of the ADC was synthesized using the built-in CAD tools. The circuit was synthe-
sized from standard cells using 180 nm CMOS technology with a supply voltage of 1.8 V from Mikron
JSC. The circuit of the digital unit is shown in Fig. 3.

126




4 Circuits and Systems for Receiving, Transmitting and Signal Processing

EEEEEEEE
 BIT T

- 2l S - S i - Gl il i3
.

V-

-
mﬂ_m :: :ﬂ,m :‘:m :iu C s ::
-{>

counter

Fig. 3. Circuit of the digital unit of the ADC

Layout of the ADC

Fig. 4 shows the layout of the designed ADC based on the VCO. The VCO is located in the upper left
part of the layout. To the right of the VCO, three inverters connected in series are placed. These three
inverters convert the amplitude of the VCO output pulses from 3.3 to 1.8 V, because the digital unit of
the ADC is designed using cells with a supply voltage of 1.8 V.

The quantization error of the VCO-based ADC depends on the difference between the rise and fall
times of the pulse, herewith it is minimal if the difference is zero [13]. The digital unit of the ADC is
located at the bottom of the layout in Fig. 4. The D flip-flop cells of the counter are located closest
to the VCO, while the combinational logic is located below them. The D flip-flop cells of the output
register are located on the right and bottom sides of the layout of the ADC digital unit. The dimensions
of the ADC layout are 103 pm by 109 pm.
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Fig. 4. VCO-based ADC layout
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Fig. 5. Simulation of the transfer characteristic of the VCO

Fig. 6. ADC input and output signals

Simulation of ADC operation

A simulation of the operation of the VCO-based ADC was carried out. Since the characteristics
of the ADC depend on the linearity of the transfer characteristic of the VCO, the dependence of the
frequency of VCO on the input signal level was built. Fig. 5a shows the transfer characteristic of the
VCO obtained using the PSS analysis. Fig. 5b shows a graph of the dependence of the nonlinearity
error on the ADC input signal level. The average error of the nonlinearity of the VCO gain is 0.43% of
the full scale of measurements (FSR).

Fig. 6 shows the input and output signals of a VCO-based ADC. The amplitude of the input signal
was set to 1.55 V, and the frequency was 50 kHz. The outlier in the output signal of the ADC at the
initial time occurred due to the initial values in the output register. Using the built-in Cadence Vir-
tuoso tools, the ADC dynamic characteristics were determined based on the output signal spectrum.
The values for the first sampling cycle of the ADC output signal were not used when calculating the
parameters. A signal-to-noise ratio (SNDR) of 36.48 dB has been achieved which means an effective
number of bits (ENOB) of 5.77 bits.

Conclusion

An 8-bit voltage-controlled oscillator-based ADC with a range of input values from 0 to 3.3 V using
180 nm CMOS technology from Mikron JSC with a supply voltage of 3.3 V in the analog part and
1.8 V in the digital part is presented. The simulation of the ADC in the time domain was performed
in Cadence Virtuoso. The sampling rate was set to 1 MHz. The power consumption is about 1.8 mW.
With an input frequency of 50 kHz and an amplitude of 1.55 V, the ADC provides an output SNDR of
36.48 dB (ENOB is 5.77 bits). This low-power design is applicable in the IoT, medical care and other
autonomous devices.
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