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A Study on Enhancement of DAC Resolution using Three
States of Micro—controller Port
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Abstract

In this paper, a method for improving the resolution of digital-to-analog conversion with the minimum
number of ports using the three-state characteristics of micro—controller ports is presented. To verify the
validity of the proposed method, a digital-to—analog conversion circuit consisting of two-state digital that
is currently being used was analyzed and compared with the proposed three-state method.

In order to prove the effectiveness of the proposed method, an experimental circuit was constructed and
an experiment was conducted. As a result of the experiment, it was confirmed that the resolution
increased by 225% from step 4 to step 9 when using 2 bits compared to the existing two-state method,
and increased by 338% from step 8 to step 27 when using 3 bits.
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Fig. 1. Example of a 3-bit binary ladder circuit
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Table 1. Example of the combination of each bit.

Dy | D | Dy Vo Dy | Dy | Dy Vo

01010 0 11010 |48 Ve
010|118 Ve 1101 1|58 Ve
011|028 Ve 11110 |68 Ve
011|138 Ve 1111 |78 Vee
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Table 2. The status of the port used

Port | Status
Low (007
High Vee
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Fig. 2. Port status of the micro—controller
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Table 3. Port states interms of current

DDR | Port | Status | Current

Output | Low oV Sink
Input X open

Output | High Vee Source

g olgd WdTE| 3
5 UEhInh 29 3004, AuEEs)e) 2
o) olg 714 F(imaginary short) f2l] ©)

& () 99 Ast

2 (3)3} 2,

o



Vio,= Vi @)
R
W=
B Vo U,

Vi >

- s 7,

]l r +

Veel2

08 3. 1-H|E 3¢t Metwst 3|2
Fig. 3. 1-bit 3-stage voltage conversion circuit
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Table 4. Result of voltage conversion

DDR | Port | Status | Vo [V

Output | Low oV Vee
Input X open Ved/2

Output | High Vee 0
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Fig. 4. Voltage conversion circuit extended to 3-bit
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Fig. 5. Comparison of binary and ternary results
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