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Abstract— Analog-to-Digital Converters (ADCs) play a
crucial role in modern electronic systems by transforming real-
world analog signals into digital data for further processing.
Among the various ADC architectures, the Flash ADC is
particularly notable for its exceptionally fast conversion speed,
making it ideal for applications that demand real-time
performance, such as high-speed data communication and signal
acquisition systems. However, the inherent use of numerous
comparators in Flash ADCs leads to increased power
consumption and design complexity.

This paper presents the design and simulation of a 4-bit Flash
ADC using 180nm CMOS technology, developed and analyzed
within the Cadence EDA environment. The study provides
valuable insights into the practical aspects of implementing high-
speed, power-aware mixed-signal circuits, offering guidance for
designers working on performance-critical systems.
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I. INTRODUCTION

Analog-to-Digital Converters (ADCs) serve as vital
components in bridging the analog and digital domains of
electronic systems. Their primary function is to convert
continuous-time analog signals into digital values, enabling
further processing by digital logic. Among the various ADC
architectures, the Flash ADC is recognized for its rapid
conversion speed, made possible by its parallel structure. In
the case of 4-bit Flash ADC, the analog input is mapped to
one of 16 discrete levels, making it ideal for applications
requiring conversion delay.

The architecture of a Flash ADC typically includes three
main components: a reference ladder that generates
uniformly spaced voltages, an array of comparators that
evaluates the input signal against these reference levels, and
a digital encoder that transforms the comparator outputs
(thermometer code) into binary format. However, the
number of comparators required increases exponentially
with resolution, which leads to greater power usage, silicon
area, and design complexity. For these reasons, Flash ADCs
are generally implemented in low- to moderate-resolution
designs (typically 4-6 bits) where speed is the primary
concern.

This paper presents the design and simulation of a 4-bit
Flash ADC using Cadence tools and 180nm CMOS
technology. Key design metrics such as speed, power
efficiency, and layout area are evaluated to guide the
development of optimized high-performance analog-to-
digital conversion systems

The architecture of a flash ADC consists of three main
blocks:

Reference Ladder (Voltage Divider Network):
This generates a set of equally spaced reference voltages
using a resistor or capacitor ladder. For a 4-bit ADC, the
ladder generates 15 reference voltages corresponding to the
16 digital output levels.

Comparator:

A set of 15 comparators is used to compare the input analog
voltage to each reference voltage. The outputs of these
comparators produce a thermometer code-an intermediate
code representing the input level.

Encoder:

Once the thermometer code is.generated by the comparator
array, it is passed through a digital priority encoder that
translates the sequence - into a+ 4-bit binary output,
representing the corresponding quantization level.

Despite the speed advantages of Flash ADCs, they present
certain limitations. One key drawback is scalability. As
resolution increases, the number of required comparators
grows exponentially—specifically, an n-bit Flash ADC
needs 2n—12”n - 12n—1 comparators. This rapid growth
results in greater silicon area usage, higher power
consumption, and added circuit complexity. As a result,
Flash ADCs are generally reserved for low to moderate
resolutions, typically between 4 and 6 bits, where high-
speed performance is essential and the trade-offs are
manageable.

In this project, the design of a 4-bit Flash ADC is carried
out using Cadence tools in 180nm CMOS technology. The
design focuses on optimizing key performance parameters
such as speed, power consumption, and area, providing
insights into the practical implementation of high-speed
ADCs in mixed-signal systems.
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Il. LITERATURE REVIEW

Sam et al. [1] proposed a low-power design featuring an
open-loop comparator and a multiplexer-based encoder.
Implemented using 90nm CMOS in the Cadence
environment, their approach removed traditional priority
encoders, resulting in reduced circuit complexity and power
consumption, with operation at 100 MHz and a power
requirement of just 0.265 mW.

Razavi et al. [2] introduced a Threshold Inverter
Quantization (TI1Q)-based ADC architecture, replacing
resistor ladders with inverter switching thresholds.
Additionally, they used reversible logic for encoding,
significantly lowering power dissipation. Fabricated in
TSMC 180nm CMQOS, their ADC achieved 2 GS/s operation
with a power consumption of only 330 pW.

Gupta et al. [3] focused on a voltage-scalable Flash ADC
using capacitive feedback and dynamic voltage scaling
techniques. Their approach eliminated resistive reference
ladders and included a feedback mechanism for improved
linearity and power efficiency, making it suitable for low-
voltage SoC applications.

In another notable work, Nasri et al. [4] combined folding
and flash architectures to balance speed and area efficiency.
Their design, developed in 65nm CMOS, achieved 1 GS/s
with a power consumption of 700 uW and a Signal-to-Noise
and Distortion Ratio (SNDR) of 22.3 dB at 100 MHz,
showcasing its effectiveness for high-speed wireless
applications.

Kim et al. [5] presented a 4-bit Flash ADC fabricated in
90nm CMOS, emphasizing layout optimization and offset
calibration. Their architecture, capable of operating at
3.5 GS/s, utilized compact analog blocks and minimized
comparator mismatch, making it a strong candidate for ultra-
fast communication systems.

Torfs et al. [6] addressed power consumption in a 4-bit
Flash ADC designed for ranging applications. Implemented
in 180nm CMQOS, their design achieved a 700 MS/s sampling
rate while maintaining 4.43 mW power consumption. By
reducing comparator kickback noise and enhancing
calibration, they achieved a figure of merit (FoM) of 0.46 pJ
per conversion step—the lowest reported for its category at
the time.

I1l. METHODOLOGY

The 4-bit Flash ADC was developed using a structured,
step-by-step methodology with a focus on achieving high-
speed data conversion while maintaining energy efficiency.
The design flow began with architectural planning, followed
by schematic-level circuit design, layout creation, and post-
layout simulation. This process was carried out using
Cadence Virtuoso, a widely adopted EDA platform, in
conjunction with 180nm CMOS technology, which strikes a
practical balance between performance and area in analog
design.
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Fig No 1 Block Diagram of 4-Bit Flash ADC

Figure 1 illustrates the system architecture of the Flash
ADC, which includes three fundamental building blocks: the
resistor ladder, the comparator array, and the digital encoder.

Resistor Ladder Network: The analog input voltage
VinV_{in}Vin is compared against-a series of predefined
threshold levels generated by a resistor ladder network. This
ladder is constructed using equal-value resistors connected in
sequence between a reference voltage VrefV_{ref}Vref and
ground. The voltage at each node between resistors forms a
unique reference point for one comparator.

Comparator Array: Each comparator receives the analog
input VinV_{in}Vin and one of the reference voltages from
the ladder. If VinV_{in}Vin exceeds the reference level, the
comparator outputs a logic high ('1"); otherwise, it outputs a
logic low ('0"). The result is a thermometer code—essentially
a sequence of ones followed by zeros that indicates how many
thresholds have been surpassed by the input signal.
Thermometer-to-Binary Encoder: The output of the
comparators is passed to an encoder that interprets the
thermometer code and converts it into a binary format. For a
4-bit ADC, the encoder generates four output bits (D3D_3D3
through DOD_0DO) that represent the digital equivalent of
the input voltage. This conversion enables fast, parallel
processing suitable for high-speed applications

Digital Output: The fina digital output is a binary word
proportional to the input voltage level, completing the
analog-to-digital conversion process.
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IV. IMPLEMENTATION

In this project, a 4-bit Flash ADC was designed and
implemented using a structured approach, with an emphasis
on clarity, speed, and design efficiency. The process begins
with the construction of a resistor ladder network, which
generates a set of evenly spaced reference voltages. For a 4-
bit resolution, the ladder comprises 16 resistors of equal value
connected in series between a supply reference voltage
VrefV_{ref}Vref and ground. This configuration creates 15
intermediate voltage levels, which serve as comparison
thresholds.

A bank of 15 comparators is then used to evaluate the
input signal VinV_{in}Vin against these reference voltages.
In this design, each comparator takes the analog input on its
non-inverting terminal and a unique reference voltage on the
inverting terminal. When the input voltage exceeds the
reference level, the comparator outputs a logical high ('1");
otherwise, it outputs a logical low ('0").

The combined output from all comparators forms a
thermometer code—a binary sequence consisting of
consecutive '1's followed by '0's. For instance, if the input lies
between the 6th and 7th reference voltages, the first six
comparators produce a '1', while the remaining comparators
output '0". This thermometer pattern is then fed into a digital
encoder, which converts it into a 4-bit binary value that
accurately represents the analog input level in digital form.
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Fig No 4.1 Block Diagram of Comparator

Comparators play a vital role in the design of analog and
mixed-signal systems, especially in high-speed applications
such as Flash Analog-to-Digital Converters (ADCs).
Fundamentally, a comparator evaluates two voltage inputs:
one is the signal of interest (ViV_iVi), and the other is a
reference level (VrefV_{ref}Vref). The circuit has two
terminals—non-inverting (+) and inverting (—)—through
which it receives these inputs.

When the voltage at the non-inverting terminal exceeds
the voltage at the inverting terminal, the output rapidly
transitions to a high state, approaching the positive supply rail
(+VCC+V_{CC}+VCC). Conversely, if the inverting input
is higher, the output drops to a low state, near ground or
—VEE-V_{EE}-VEE, depending on the supply
configuration. This sharp transition mimics binary logic
behavior, effectively allowing the comparator to act as a one-
bit analog-to-digital converter, producing a digital '1' or '0'
based on the input comparison.
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Fig No 4.2 Schematic of Comparator

Internally, a comparator circuit is commonly built around
a differential amplifier configuration, using a matched pair of
transistors—typically either BJTs or MOSFETs. This pair
forms the core of the comparator, where it detects and
amplifies small voltage differences between the two input
signals. A bias current, typically supplied through a current
mirror or current source, ensures proper operation, while the
output gain is enhanced using either resistive or active
loading.

The amplified signal is then passed through a high-gain
output stage that rapidly drives the output to-a defined logic
level, enabling a crisp digital transition between high and low
states. In the context of a 4-bit Flash ADC, an array of 15
comparators is employed. Each comparator receives the
analog input and a unique reference voltage from a resistor
ladder. Their outputs together form a thermometer code,
which the encoder then translates into the corresponding 4-
bit binary output that represents the input voltage level.
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Fig No 4.3 Transient Response of Comparator
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In a 4-bit flash ADC designed using only schematics in

Do Cadence Virtuoso, the encoder circuit plays a crucial role in
D1 converting the 15-bit thermometer code—generated by the
b2 array of comparators—into a 4-bit binary output. This
ﬁi thermometer code consists of a sequence of “1’s followed by
s ‘0’s, where the number of leading ‘1’s corresponds to the
D6 input voltage level.

b7 16:4 Encoder _T_o implement thi_s encod_er at _the schematic IeveI: a
D8 priority encoder architecture is typically used. The design
b9 consists of combinational logic gates arranged to detect the
D10

position of the last ‘1’ before the first ‘0’ occurs. This is
achieved by chaining logic stages that monitor each bit of the
thermometer code and determine where the transition from
‘1’ to ‘0” happens. Only the highest active bit is passed to the
output logic, ensuring a valid binary count.

D12
D13
Di4
D15

The final 4-bit binary output represents the quantized
Fig No 4.4 Block Diagram of Encoder level of the analog input and must be optimized for speed and
signal integrity. Special attention should be given to gate
sizing, load balancing, and fan-out control to maintain the
In a 4-bit flash Analog-to-Digital Converter (ADC), the high-speed advantage of the flash ADC architecture.

encoder plays a key role by translating the thermometer code
from the comparator array into a 4-bit binary output. This
type of ADC uses 15 comparators, each connected to a
different reference voltage. The comparators produce a 15-bit
thermometer code, which typically consists of consecutive
‘1’s followed by ‘0’s. The number of ‘1’s indicates how many
reference thresholds the input voltage has surpassed. For
instance, if the input voltage exceeds six reference levels, the

thermometer code would look like 111111000000000.

The encoder’s primary function is to determine how many
leading ‘1’°s are present in this code and convert that count
into a 4-bit binary number. This binary output represents the
digital value corresponding to the analog input voltage,
ranging from 0000 (minimum level) to 1111 (maximum
level).

Fig No 4.6 Symbol of Encoder
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Fig No 4.7 Transient Response of Encoder

Fig No 4.5 Schematic of Encoder
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Finally, the 4-bit binary output is delivered as the digital
representation of VinV_{in}Vin. This architecture ensures
extremely fast conversion because all comparisons happen in
parallel. However, it also means that the number of
comparators grows exponentially with resolution—requiring
2n—12”n - 12n—1 comparators for an n-bit ADC—so this
method is typically used for low-resolution, high-speed
applications like video and radar signal processing.

V. RESULTS

A 4-bit flash ADC produces a 4-bit binary output that
digitally represents the level of an analog input voltage. Since
it can distinguish 16 discrete levels, the entire input range—
from 0 V up to the reference voltage (V<sub>ref</sub>)—is
divided into 16 uniform steps. Each step corresponds to a
voltage interval of V<sub>ref</sub>/16. For example, if
V<sub>ref</sub> is 5 V, each quantization step equals
0.3125 V.

When an input voltage (V<sub>in</sub>) is applied, the
ADC determines which interval it falls into and outputs the
corresponding 4-bit binary code. So, if V<sub>in</sub> is
2.5V, which aligns with the 8th step, the ADC will generate
the binary output 1000.

The conversion process begins with a bank of 15
comparators, each comparing V<sub>in</sub> to a fixed
reference voltage level. The outputs of these comparators
form a thermometer code—an array of “1’s followed by “0’s
depending on how many thresholds V<sub>in</sub> has
crossed. This thermometer code is then passed to an encoder,
which translates it into the final binary output.

Flash ADCs are particularly known for their speed.
Because all comparisons and the encoding logic operate in
parallel, they offer extremely fast conversion times, making
them ideal for high-performance applications such as video
processing, real-time signal acquisition, and other
bandwidth-intensive tasks.

Fig No 5.1 Schematic of 4-Bit Flash ADC

Fig No 4.7 Transient Response of 4-Bit Flash ADC

REFERENCES

[1] M. Njinowa, H. Bui and F. Boyer, "Novel Threshold-
Based Standard-Cell Flash ADC, " Circuits and Systems,
Vol. 3, No. 1, pp. 29-34, January 2012.

[2] S. Bandyopadhyay, D. Mukherjee, and R. Chatterjee,
"Design of two-stage CMOS operational amplifier in
180nm technology with low power and high CMRR," Int.
J. Recent Trends Eng. Technol., vol. 11, June 2014.

[3] G. L. Madhumati, M. K. R. Rao and M. Madhavilatha,
"Comparison of 5-bit Thermometer-to-Binary Decoders in
1.8V 0.18um CMOS Technology for Flash ADCs," Int.
Conf. Signal Process. Syst., pp. 1-8, Aug. 2024.

[4] M. J. Kaur and S. Kansal, "Study of Various ADCs and
Compare Their Performance and Parameters,” Int. J. Adv.
Eng. Res. Technol., vol. 3, no. 3, 2015.

[5] M. Das et al., "Design of Ultra Low Power Novel 3-Bit
Flash ADC in 45nm CMOS Technology," ICSTM, 2015.
[6] S. Hussain, R. Kumar, and G. Trivedi, "A novel low-
power high-speed BEC for 2 GHz sampling rate flash ADC
in 45 nm technology," Proc. Int. Symp. Nanoelectron. Inf.
Syst. (INIS), 2017.

[7] A. P. Chavan et al., "Design of a 1.5-V 4-bit flash ADC
using 90 nm technology,” Int. J. Eng. Adv. Technol., no. 2,
2012,

[8] H. M. Murugesh and D. Nagesh, "Implementation of a
4-bit two-step flash ADC using 180 nm technology,” Int. J.
Technol. Res. Eng., vol. 3, 2016.

[9] S. Kumar and R. Yadav, "Design of a 4-bit flash ADC
using 180 nm technology,” Int. J. Sci. Res. Dev. (IJSRD),
vol. 5, 2017.

[10] S. T. Yamamoto et al., "A mixed-signal 0.18 pum
CMOS SoC for DVD systems with 432-Msample/s PRML
read channel and 16-Mb embedded DRAM," IEEE J. Solid-
State Circuits, vol. 36, pp. 1785-1794, Nov. 2001.

[JCRT25A5711

International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0877


http://www.ijcrt.org/

