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1.Objective
Demand for better digital-to-analog converter (DAC) 

Problem

Manufacturing variations 

among DAC circuit elements

Purpose of this work

DSP algorithms 

to suppress the variation effects

for binary and ternary DACs
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2.Background

ΔΣ digital modulator

Quantizer

Feedback

Integrator
+

−
Analog

LPF∑ Multi-bit

DAC

Analog outputDigital input

Digital Analog

Signal

Δ：Difference

Σ：Integral

Noise

transfer

Power spectrum

ΔΣ Digital to Analog Converter (Low Pass)

Measurement & audio applications 

< Using >

 ΔΣ Digital-to-Analog Converter (ΔΣDAC) →Required

 Mostly digital circuit

 High-resolution ,High-linearity

 DC signal , low frequency signal generation

 Purpose

 Improve linearity (High resolution)

3. Introduction to Ternary
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4. DWA*Algorithm  (* Data-Weighted Averaging)

Positive Voltage

negative Voltage
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𝑒𝑖
Improve linearity

⇒ Averaging

Distribute unit cell mismatch
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6.Pointer
1 Pointer 2 Pointers 4 Pointers

5. Binary, Ternary DWA Overview

Signal Band Value
Number (N) of 

Signal Bands
DWA type

LP Binary 1 I

Ternary 1 I

HP Binary 1 II

Ternary 1 I

BP Binary 2 II

Binary 4 II

Ternary 2 I

Ternary 4 I

New Findings
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7.Conclusion

In case HP, BP ΔΣ DACs with ternary unit cells, DWA 

type I with pointers alternately used is effective.

＜ ΔΣ DA modulator ＞

Segmented DAC with ternary unit cells

● High-pass (HP) ΔΣ DAC (N=1)
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● Band-pass (BP) ΔΣ DAC (N=2)

σ = 0.1%
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σ = 0.1%

● Band-pass (BP) ΔΣ DAC (N=4)
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It is high linearity when DWA type l is used.

< DWA type I > 

< DWA type II >

< DWA type II >

Noise shape


