ISSN: 2249-474X (Online)
Jou rna l Of ISSN: 2321-6492 (Print)
o 1 , s
VLSI Design Tools & Technology olumen fsuc 2024
anuary—April
STM JOURNALS DOI (Journal): 10.37591/JoVDTT

http://engineeringjournals.stmjournals.in/index.php/JoVDTT/index

Research JoWDT

High-speed Data Converter Architectures: Latched
Comparator Design & Performance Comparison

Banoth Krishna'*, Sandeep Singh Gill’, Amod Kumat’

Abstract

This paper focuses on the design and optimization of latch comparators for high-speed data converter
applications. The performance of different comparator architectures is compared in terms of speed,
power consumption, and noise performance. The proposed latch comparator architecture uses a
preamplifier to boost gain and sensitivity, and a latch to store the output signal. The latch comparator
design is optimized for low power consumption and high speed, and is implemented using 180 nm
CMOS technology. The circuits are simulated using cadence virtuoso simulators with a 1.8 V supply
DC voltage and a clock frequency of approximately 500 MHz. The responses of the circuits are analyzed
and plotted, and the static and dynamic characteristics of different types of comparators are compared,
highlighting their advantages and disadvantages. Simulation results show that the proposed latch
comparator architecture has better performance compared to other comparator architectures, with lower
power consumption and higher speed. The paper also discusses the trade-offs between power
consumption, speed, and noise performance, and provides guidelines for selecting the appropriate
comparator architecture for high-speed data converter applications.

Keywords: High speed comparator, Latch comparator, Double tail comparator, High speed ADC

INTRODUCTION

Comparators play a crucial role in electronic IC applications, particularly in data converters for
comparing two different signals. During the conversion process, the signal is first sampled and then
sent through several comparators to obtain the digital equivalent of the analog signal values. A
comparator's design requires minimal power consumption [1], a low offset voltage, low noise, high
speed, and a better slew rate. To achieve these specifications, dynamic comparator topologies are
considered. Dynamic comparators are suitable for high speed, low power dissipation, and zero static
power consumption. Two back-to-back inverters are used to provide the positive feedback circuit [2].,

which converts a small voltage difference to full

;Aut?horKffl';]COffespondence scale output digital levels. Such comparators are
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Figure 1. Comparator symbol.
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Ideally, a binary signal has two states, a lower state called O-state and a higher state called 1-state.
The transition region between these states is the region from 0-level to 1-level, as described by Babayan-
Mashhadi et al. (2013) [3].

DYNAMIC LATCHED COMPARATOR ARCHITECTURES
The comparator architecture consists of three blocks:
o  Preamplifier,
e Latch Block,
o Buffer Block.

Figure 2 illustrates the preamplifier stage, composed of a differential amplifier (M1 and M2) with
active loads (M3 and M5), designed to amplify the input signal to enhance comparator efficiency. Its
function is twofold: first, it elevates the minimal input signal required for the comparator to reach a
decision; second, it shields the comparator's input from kickback noise originating from the positive
feedback step. Additionally, the preamplifier stage mitigates the input-referred offset voltage [4]. The
sizing of the transistors in the differential stage (M1 and M2) is determined by the input capacitance
and the transconductance of the differential amplifier (gm1=gmz2). This transconductance dictates the
gain of the stage as well as the input capacitance (Purushothaman, A. et al., [5]; Bahmanyar, P. et al.,

[6D).

Latched Comparator Design with Preamplifier

The positive feedback latch stage of the comparator serves to discern and amplify discrepancies
between the input signals. Following this stage, the comparator's output section, termed the buffer stage,
is comprised of a self-biased differential amplifier followed by an inverter. This configuration enables
the comparator to accommodate differential inputs while delivering full-scale digital logic-1 and logic-
0 outputs.

The design of the latched comparator with a free amplifier is shown in Figure 3, and the conversion
delay for this design is Td = 648.83261ps.

DOUBLE TAIL LATCH COMPARATOR
Figure 4 illustrates a double tail architecture.

Jain, R,, et al., [7], which employs two distinct tail currents and clock signals. One tail current is
dedicated to the input stage, while the other serves the latch stage. This architecture operates in two
modes: precharge mode (clock=0) and evaluation mode (clock=1). Notably, this version features
reduced stacking and functions at a lower supply voltage. The precharge transistor consumes a
substantial current that remains independent of the input common mode voltages. Furthermore, the size
of the transistor's differential pair is diminished, necessitating less supply voltage and yielding lower
offset voltage.

In this design conversion delay is 0.831103 usec and power dissipation is 140.7 uw.

When (clock = 0 V) precharge mode, M7 and M8 turn ON and charges to VDD, which can charge
regenerative nodes to VDD, it means it is at logic-1(high) of transistors M5 and M3 output nodes
discharge to ground.

During the evolution mode (clock=VDD), transistors MO and M11 are activated, causing the common
mode voltage to gradually decrease, thereby generating a differential mode voltage. This differential
voltage is conveyed to the latch through M3 and MS5. Subsequently, the inverter initiates the
regeneration of the voltage difference as soon as the common mode voltage at the node falls below the
threshold necessary for M3 and M5 to constrain the output to ground. Figure 6 depicts the output
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response and delay analysis of the Double tail latch comparator design, with a conversion delay of
0.831103 usec.

SELF-CALIBRATING DYNAMIC COMPARATOR

In the self-calibrating dynamic comparator depicted in Figure 6, and its response shown in Figure 7,
the input-referred latch offset is mitigated by employing two transistors (designated as tail 2 for
compensation) as loads in the latch stage. This configuration reduces the maximum drive current of
output nodes by half the supply voltage. To address the precision timing issue between clk and clkb,
the calibrated circuit replaces clkb with the Ni node value. Input-referred offset voltage denotes the
static offset caused by mismatch in identical pairs of input transistors, which could potentially influence
the comparator's behavior. While a preamplifier can be utilized in the comparator architecture to
minimize input offset, it introduces additional circuit complexity and consumes more power. The
matching of CMOS transistor properties encompasses factors such as threshold mismatch and current
factor mismatch, which can be approximated for a given gate oxide thickness and transistor size.
Random mismatches can be characterized as

AZ
(V) = W{:;’f 1)
o2 () _ Ap
BZ - WLeff (2)

Where ¢ = standard deviation, A =area proportionality constant, WL are the width and length of
transistors.

The transistors mismatches are statistical value and these are modeled as Gaussian distribution.

The total referred offset is given as

&3 AmpliterBasedComparator : schematic |PhD2022] L

Figure 2. Latched comparator design with preamplifier.
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Figure 3. Latched comparator design with free amplifier.

. . = Sel.items=0 Scal
Figure 4. Double tail latch comparator design.
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Figure 5. Double tail latch comparator design output response.
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Figure 6. Double tail latch comparator design output response with delay analysis.

Ofotal = Ohoen + (751 + Ofpenz + ng 3
The mismatch in comparator leads to reduce the ADC resolution.

The circuit diagram for the Self Calibration Dynamic Latch Comparator is displayed in Figure 6, and

Figure 7 exhibits the circuit's output responses. The calculated delay for the output response is 0.302529
us, and the power dissipation is 2.2 mw.
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DUAL RAIL DOUBLE TAIL LATCHED DYNAMIC COMPARATOR
The double tail latched comparator, depicted in Figure 8, is designed to eradicate weakly regeneration
nodes by inserting an inverter between the input and output nodes.

This configuration enables the comparator to operate at a higher speed and consume less power
compared to conventional comparators (Dubey, A. K., et al., [8]; Varshney, V., et al., [9]; Dubey, A.
K., [10]). The dynamic comparator's transient behavior, illustrated in Figure 9, portrays a sinusoidal
input voltage source against a DC reference voltage, with a supply voltage of 1.8 volts and a reference

voltage of 0 volts, as outlined in Table 1.

Figure 9 displays the output responses of the Dual Rail Double Tail Latched Comparator, while the
simulated response allows for optimization of power, with power=VddxIds=1.8132.94*10-6 watts,
resulting in P=0.024 uW. Furthermore, Figure 10 illustrates the frequency responses of the same Dual

Rail Double Tail Latched Comparator.

Table 1. Comparator design specifications

Parameters Specification
Technology 180 nm
Supply voltage 18v
Clock frequency 500 MHz
Clock voltage Ov-0.6 v
Rise time 50ps
Falls time 50ps
Pulse width 2ns
Reference voltage 0.1v-0.8
Temperature 27°c

—*

nclude c5_m-odels ta e
Figure 8. Dual rail double tail latched comparator.
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Figure 10. Dual rail double tail latched comparator frequency responses.

Table 2. Parameters comparison at different architectures

Parameters at Preamplifier Doubile tail latch Self-calibration Double tail dual rail
Comparators based comparator comparator Dynamic comparator comparator
Speed [GHZz] 1.54 1.1 25 9.8

No. of. Transistor 20 22 23 25

Power dissipation [w] 1025 64.7 p 22m 0.024 p
Delay [ps] 648.8 875.6 395.56 102.3

Offset voltage[mv] 18.4 36.1 13.9 12

Supply voltage [V] 1.8 1.8 1.8 1.8
Technology 180 nm 180 nm 180 nm 180 nm

SIMULATIONS RESULT ANALYSIS AND COMPARISON

To enhance the speed of the comparator and mitigate the overhead issue, a dynamic double tail
comparator based on optimized design principles was proposed. Table 2 demonstrates that the latency
and energy consumption of the proposed comparator are significantly lower than those of the standard
dynamic comparator and double tail comparator. In comparison to the existing comparator structure,
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the suggested circuit exhibits reduced power consumption and lower latency. Noise and input-referred
offset voltage serve as resolution-limiting parameters, denoted as VLSB.

Where VLSB = ZLN (1)

Propagation delay is the average delay time of rising and falling propagation delay times and it is
measured between the transition of the input and output signals when they reach 50% of the signals

Ievel. i.e.
T I])I‘ I])f 2

Where T, =Propagation delay, Tx=Rising propagation delay, Ty=Falling propagation delay
Latched comparators are fast and more suitable to be used in high speed ADCs.

The delay of comparator is calculated as

i — (£ Yout
Delay time T; = (gm) . ln(Vin) (3)
Where c= parasitic capacitance of transistor, g,, = ugcox%(vgs — vy ) = transconductance of
14
transistor
CONCLUSION

This work shows a high-speed latch type comparator design and simulation results in the symica and
Ltspice EDA tools utilizing 180 nm CMQOS technology, as well as an analysis of offset voltage, power
dissipation, and latency of several changed comparator topologies. Among the comparators designed,
the double-tail dual-rail latch comparator with back-to-back inverter stage has a low power dissipation.
Based on these findings, a double-tail comparator was designed to improve the comparator's
performance and eliminate the clock overhead issue. In comparison to a preamplifier-based comparator,
dynamic comparators have lower dynamic power dissipation and input offset voltage. The design was
produced with the symica and Ltspice simulation EDA tools and 180 nm CMQOS technology.
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