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ABSTRACT

This project focuses on the design and simulation of a 4-bit current steering Digital-to-
Analog Converter (DAC) using eSim. The proposed circuit converts digital input signals into
corresponding analog current outputs by employing MOSFET-based current sources and
switching networks. Binary input signals are applied using pulse voltage sources, and the
resulting analog output 1s observed across a load resistor. The simulation 1s carnied out using
Negspice, and the output waveform venfies the correct functioning of the DAC. The results
demonstrate that the output current varies proportionally with the digital input. confirming
accurate digital-to-analog conversion. This design highlights the advantages of current
steering DACs in terms of speed and efficiency, making them suitable for high-speed
applications.
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1. INTRODUCTION

In modern electronic systems, the interaction between digital and analog domains is
essential for efficient signal processing and communication. While most processing units operate
using digrtal signals, real-world signals such as sound, temperature. and light are mmherently
analog in nature. This necessitates the use of Digital-to-Analog Converters (DACs), which play a
crucial role in converting discrete digital data into continuous analog signals.

Among varnous DAC architectures, the current steering DAC 13 widely preferred for high-
speed and high-performance applications due to s simplicity, accuracy, and fast switching
capability. Tt operates by steerning binarv-weighted currents through a network of switches,
typically implemented using MOSFET5. to generate the desired analog output.

In this project, a 4-bit current steering DAC 15 designed and simulated using Sim_ an
open-source electronic design automation tool that integrates schematic capture with Ngspice
simulation. The circmt employs MOSFET-based current sources and pulse voltage inputs to
represent digital sionals The performance of the DAC s analysed through transient simulation,
and the output waveform 1s studied to verify correct digital-to-analog conversion

This project provides a practical understanding of DAC design principles, CMOS
switching behaviour, and simulation techniques, making 1t relevant for applications in
commumnication systems, signal processing, and embedded electronics.

2. OBJECTIVE

The main objective of this project 15 to design and simulate a 4-biat current steenng
Digital-to-Analog Converter (DAC) using eSim: The project aims to convert digital input signals
into corresponding analog outputs using MOSFET-based current sources and switching
techmiques. It also focuses on analysing the output waveform through simulation and verifying the
proper functioning of the DAC. Additionally, the project helps 1n understanding the principles of
DAC operation. CMOS circuit design, and the use of simulation tools like eSim and Nospice.



. THEORY

3.1 Digital to Analog Converter (DAC)

A Digital-to-Analog Converter (DAC) is an electronic device that converts
discrete digital signals into continuous analog signals. In most real-world applications,
signals such as audio, temperature, and pressure exist in analog form, whereas processing
systems like microcontrollers and processors operate in digital form. Therefore, DACs
act as an essential iterface between digital systems and the analog world.

A DAC takes a binary input (for example, a 4-bat digital signal) and produces a
proportional analog output 1n the form of voltage or current. The resolution of a DAC
depends on the number of bits used; hugher resolution results m more precise output
levels. DACs are widely used 1n applications such as audio systems. communication
systems, mstumentation. and control systems.

3.2 Current Steering DAC

A Current Steermng DAC 1s a type of DAC that generates an analog output by
steering currents through different branches of a circuit Instead of using resistors, it
emplovs current sources and switches (usually MOSFETSs) to control the flow of current
based on digital input signals.

In this architecture:

» Each bit controls a switch

» Binary-weighted current sources are used

+ The output 1s obtained by summing selected currents
Current steering DACs are preferred in high-speed applications because:

» They have fast switching capahility

+ They offer better performance at high frequencies

+ They reduce delay compared to resistor-based DACs

Due to these advantages, current steering DACs are commonly used i
communication systems, video processing, and high-speed data converters.

3.3 Working Principle

The working principle of a current steering DAC 15 based on controlling current flow
using digital inputs. Each bit of the digital input corresponds to a switch that esther allows
or blocks a specific amount of current_

»  When a bit 15 1, the corresponding switch turns ON, allowing current to flow
=  When a bit 15 0, the switch remains OFF, blocking the current
The currents are weighted 1n binary form (for example: 1. 21 41 81 for a 4-bit DAC).
These currents are combined to produce the final output.



The total output current is proportional to the digital input and can be expressed as:
Iﬁut = I(bu + Ebl + ‘I"bz + Eba}

where:
s By, By, bs, byare binary inputs (0 or 1)
» [1is the unit current

4. COMPONENTS USED

& MOSFETs (NMOS and PMOS)

* DC Voltage Source (VDD)

* Pulse Voltage Sources (Digital Inputs)
o Resistors {Load Resistor)

e (Capacitor (for filtering, if used)

o  Measurement Probes [ Nade Labels
& eSim Software

® Ngspice Simulator

5. CIRCUIT DIAGRAM
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Schematic Diagram

6. DESIGN EXPLANATION

The 4-bit current steering DAC 1s designed using MOSFETs as switching elements
and binary-weighted current sources. Each bit of the digital input controls a MOSFET switch,
which determines whether a specific current branch ts active or inactive. When the mnput 1s
high (logic 1), the corresponding MOSFET turns ON and allows current to flow, while for
logic 0, the MOSFET remains OFF and blocks the current.

The circuit consists of four branches with currents weighted in the ratio I 21, 41, and
8L corresponding to each bit of the input. These currents are directed towards a common output
node where they are summed together to form the total output current A load resistor is
connected at the output to convert this current into a proportional voltage:

Pulse voltage sources are used to simulate digital inpuot signals, enabling the
observation of different input combinations. As the input changes, the output current varies in
discrete steps. producing a staircase waveform. This behaviour confirms the correct operation
of the DAC and 1ts ability to convert digital signals into analog form.



7. SIMULATION SETUP

7.1 eSim Environment

The simulation of the 4-bit current steering DAC 1s camed out using eSim, which
imtegrates KiCad for schematic design and Naspice for circuit simulation After designing the
circust, the netlist 1s generated and converted into Nospice format for analvsis.
A transient analysis s performed to observe the time-varving behaviour of the circust. Pulse
voltage sources are used as digital inputs, each configured with appropriate time delay, pulse
width, and period to represent different binary combmations.

The power supply (VDD) is set to a constant DC voltage to properly bias the MOSFETs.
A load resistor 15 connected at the output node to convert the output current into voltage for
easier observation.

7.2 Simulation Parameters

The simulation command used is:
« Analvsis Type: Transient Analysis
« Simulation Command: tran 0.01m 30m
» Time Step: 0.1ms
« Total Simulation Time: 30ms
»  Power Supply (VDD): 5V DC
= Input Signals: Pulse voltage sources (representing digistal inputs)
*» Pulse Parameters:
Inttial Value: OV

o Peak Value: 5V

o Pulse Width: Varies for each bit

o Time Delay: Different for each input to generate combinations
o Penod: Set appropniately for repeating signals

+ Load Resistance: Typically 1kQ (or as per design)
=  Dutput Measurement:

o Voltage across load resistor OR

o Current through load
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§. RESULT & ANALYSIS

3.1 Input and OQutput waveforms
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Mote: Similar pulse waveforms are applied for V2-V2', V3-V3', and V4-V4', with their
periods scaled accordingly {each having twice the period of the previous signal) to ensure

proper binary-weighted switching.
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9. OBSERVATIONS

¢ The output waveform exhibits a staircase (step-like) pattern, confirming digital-to-analog
CONVErsion.

s Asthe digital input increases, the output current/voltage increases proportionally.

# Each step 1n the output corresponds to a change in binary input combination.

¢ The MSB contributes the largest change, while the LSB contributes the smallest change.

¢ The output levels follow a binary-weighted progression (I, 21 41 3I).

* Proper switching of MOSFETs 15 observed based on mnput signals (ON for 1, OFF for ).

¢ The output is stable for each input combmation, indicating correct circuit operation.

* No major distortion 13 observed in the waveform under ideal conditions.

» The simulation verifies that the DAC produces an accurate analog representation of digital
input.

® MNinor varnations (if any} mav occur due to device characteristics or simulation parameters.

10. ADVANTAGES

» High-speed operation due to current switching mechanism
+ Suitable for high-frequency applications

* Simple architecture using MOSFET switches

* Better performance compared to resistor-based DACs

* Low output impedance

» Faster setthing time

s Easily scalable to higher bit resolutions

* Compatible with CMOS technology

» Reduced propagation delay

s Efficient for integrated circuit mmplementation

11. LIMITATIONS

Requires precise matching of current sources
s Sensitive to varations in MOSFET parameters
Mismatch can lead to accuracy errors
* Power consumption may increase with higher resolution
Circuit complexity increases as the number of bits increases
s Sysceptible to noise and switching glitches
s Layout design is critical for proper performanc

12.APPLICATIONS
* Audio signal processing systems
+ Communication systems (modulators, transmitters)
s Video and image processmg
s Dhgital signal processing (DSP) systems
* Data acquisition systems
» Embedded systems and microcontrollers
s Instrumentation and control systems



13.CONCLUSION

The 4-bit current steering DAC was successfully designed and simulated using
eSim_ The circuit effectivelv converts digital input signals into a corresponding analog output
using MOSFET-based switching and binary-weighted current sources. The stmulation results
show a step-like waveform, confirming correct DAC operation. The project demonstrates the
advantages of current steering DACs 1n terms of speed and efficiency. Overall, the design
validates the concept of digital-to-analog conversion and provides practical understanding of
DAC implementation using CMOS technology.
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