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The results of computer simulation of the developed R-2R digital-to-analogue converter design are given.
Results with output voltage values for different digital input code are also given. The topology of such device is
proposed, and its operation is modulated. Thus, the MicroWind software application was used to modelling and
develop the operation of the digital signal to analogue converter, as it is an open-source software tool for all users,
which allows the design and simulation of an integrated circuit at the physical description (IC) level.
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Introduction

The software application Microwind 3.1 was used to
model and develop the operation of the digital signal to
analog converter, as it is an open source software tool for
all users, which 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. DSCH provides a user-friendly
hierarchical logic design and simulation environment with
delay analysis that enables the design and verification of
complex logic structures. Therefore, these tools were used
to simulate DAC operation.

I. Results and discussion

For modeling and topology development, the R-2R
DAC, which is quite simple in its design, is well suited.
According to the scheme of this converter, its model was
designed in the DSCH software application.

Accordingly, this model consists of three resistors
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with a nominal value of 1 kQ and five resistors with a
nominal value of 2 kQ (although twice smaller parameters
were used in the future), in addition to them, there are four
n-type KMON transistors in the circuit, to which digital
signals are fed. In our case, the digital zero is 0V, and the
unit is 1.2V. In the circuit in DSCH, this can be
implemented using a simple electrical switch. In order to
transfer the converter circuit from DSCH to the
environment with the physical modeling layer of
MicroWind, it is necessary to design the topology for this
device. Figures 2 and 3 show the KMON resistor and
transistor models used in the simulation. Resistors have a
typical appearance for KMON technology and are made
of polysilicon. The 2R resistors were modeled manually,
not using the layout generator automation tool. The
transistors also have a fairly typical topology, the gates are
fed a digital signal, the drain is grounded, and the drain is
connected to the R-2R resistor matrix.

The resolution of the R-2R DAC is related to the
accuracy of the resistors and the resistance of the switches,
which must be small to avoid voltage drops and some non-
linearity. It is important to implement a switch with low on-
resistance (large width, minimum length) along with large
resistors R. To compensate for the on-resistance of the nMOS
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device, a dummy switch whose on-resistance is half the on-
resistance can be inserted in each cell in series with R.

Fig. 4 shows the construction of a four-bit digital-to-
analog signal converter at the physical level, developed
using Microwind 3.1. As mentioned earlier, the resistors
have ratings twice as small as in the DSCH model — 500
Ohms and 1 kOhms.

In fig. 5 shows a three-dimensional image of the digital-
to-analog converter. Numbers indicate the main details of the
scheme: 1 — zones to which the digital code is applied; 2 —
KMON transistors; 3—VSS-, grounding; 4 — KMON resistors;

5—VDD+, 1.2V power source. Fig. 5 shows the result of the
circuit simulation with the digital code 0100, the value differs
from that given in Table 1.

Due to the growing popularity of monolithic systems
on a crystal, i.e., MEMS, the DAC must be implemented
in low-voltage submicron CMON technology to achieve
low manufacturing costs and to be able to integrate with
other circuits. Therefore, the topology of such a device
was developed and its operation was modulated. In
addition, this version of the DAC can be improved in the
effective use of the area of the silicon crystal.

Fig. 1. Model R-2R DAC in DSCH 3.5.
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Fig. 2. KMON resistor a) and its generation process b) in Microwind 3.1
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Fig. 3. KMON transistor a) and its generation process b) in Microwind 3.1.
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Fig. 4. Topology of R-2R DAC in MicroWind 3.1.

silicon substrate

Fig. 5. 3D image R-2R DAC. Fig. 6. Simulation results for the digital code 0100.
Table 1
Simulation results of the R-2R DAC.
. Digital code Output voltage
Decimal code BI B2 B3 B4 Theoretical Real
0 0 0 0 0 1.2 1.2
1 0 0 0 1 1.125 1.15
2 0 0 1 0 1.05 0.93
3 0 0 1 1 0.975 0.87
4 0 1 0 0 0.9 0.69
5 0 1 0 1 0.825 0.64
6 0 1 1 0 0.75 0.53
7 0 1 1 1 0.675 0.5
8 1 0 0 0 0.6 0.35
9 1 0 0 1 0.525 0.29
10 1 0 1 0 0.45 0.24
11 1 0 1 1 0.375 0.22
12 1 1 0 0 0.3 0.15
13 1 1 0 1 0.225 0.11
14 1 1 1 0 0.15 0.09
15 1 1 1 1 0.075 0.07
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The results of the simulation of the operation of the
scheme in the MicroWind software are shown in Table 1.
The discrepancy in the obtained results is not a critical
problem since there are no coincidences in the simulation
results with different digital codes. This allows you to
build a truth table based on actual results.

Conclusion

The architecture of developed DACs is simple, with
an output voltage (but the output impedance depends on
the digital code) that is inherently monotonic, even if a
resistor is accidentally short-circuited, output n cannot
exceed output (n + 1). It is linear if all resistors are equal
but can be made intentionally non-linear if a non-linear
DAC is required. Because only two switches are active
during a transition, this is a low-failure architecture
present. Additionally, the switching failure is code-
independent, making it ideal for low-distortion
applications. Since the glitch is relatively constant
regardless of the code transition, the frequency content of

the glitch corresponds to the DAC refresh rate and its
harmonics, not to the harmonics of the DAC fundamental
output frequency. The main disadvantage of a line DAC is
the large number of resistors and switches required for
high resolution, and as a result it was not commonly used
as a simple DAC architecture until the recent advent of
very small I1C function sizes made it very practical for low
to mid-range DACs resolution. Today, this architecture is
quite widely used in simple DACs such as digital
potentiometers.
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HaBeneHO pe3yibTaTH KOMII'FOTEPHOTO MOJICNIFOBAaHHS PO3pOOJICHOT KOHCTPYKIUil IH(pO-aHATIOTOBOTO
neperBoproBaua P-2P, a Takoxx pe3yibTaTé 3i 3HAYCHHSAMH BHXiTHOI HANpyru A Pi3HUX LU(PPOBUX BXiTHHX
KOZiB. 3alpOIIOHOBAHO TOTIOJIOTI0 TAKOTO MPUCTPOIO Ta MOAYJIbOBAHO HOTO poOOTy. TakuM YHHOM, IPOTPAMHUI
noxatok MicroWind BHKOpHCTOBYBaBCs ISl MOZENIOBAHHS Ta PO3poOKM poOOTH TepeTBopioBada HU(PPOBOTO
CHTHAJLy B aHAJIOTOBHUii, OCKIJIbKY 11 IIPOrPAMHUI IHCTPYMEHT i3 BiJKPUTUM KOJIOM JUISl BCIX KOPHUCTYBAUiB, SIKHIA
JIO3BOJISIE IPOSKTYBATH Ta MOJICIIOBATH IHTETpaibHy cxeMy 3a ¢izuunuM omucom (IC) piBeHsb.

KarodoBi ciioBa: nmdpo-aHanorosuii neperBoproBay, nporpamue cepegosunie MicroWind, cyOMikpoHHa

TEXHOJIOTIS.
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