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ABSTRACT

In today’s fast moving digital world, it becomes necessary to come up with an innovation in
digitization constantly. An important component in a semiconductor Integrated Circuit (IC)
industry is an Analog-to-Digital Converter (ADC). Various portable devices which are used
in communication systems, precision data acquisition systems, medical instruments, etc.
require ADCs which consumes low power and provides high speed. The comparator is a
pivotal building block in any ADC architecture. To meet the demand for low-voltage/low-
power and high speed ADCs a new fully differential double-tail dynamic comparator using
charge sharing technique (FDDCCST) is proposed in this research work. To lower the power
consumption and speed up the comparison process, a charge sharing technique is employed in
the latch stage of the proposed FDDCCST. In the proposed FDDCCST differential pair and
double-tail comparator topologies are combined to minimize the offset voltage. Also, a
detailed analysis of the proposed FDDCCST which includes delay analysis, power analysis
and mismatch analysis is explained in this thesis. The proposed FDDCCST has been designed
and simulated in 0.18um CMOS technology with supply voltages of + 0.75 V using Cadence
Virtuoso Analog Design Environment. Simulation results verify that the proposed FDDCCST
has worst case delay of 0.219 ns with power dissipation of 156.3 uW. The offset voltage is
0.184 mV with 1o deviation of 7.65 mV. The proposed FDDCCST is faster, power efficient

with low offset voltage than the existing dynamic comparator structures.
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CHAPTER 1
INTRODUCTION

Since last few years, in semiconductor industry the number of functional and logical blocks integrated
on a single chip gradually increases. Due to which the demand for low-power and high performance
functional blocks increases. Data convertors such as analog-to-digital convertors (ADCSs) that connect
analog world with the digital systems become the constituent component. ADCs are widely
acceptable in the industry as they provide low-power consumption, high speed and smaller area on a
die. The comparator is the pivotal component in any ADC architecture as it has a strong relation with
the accuracy of such convertors. A comparator is a device which takes two signals as an input,
compares them and provides a digital output indicating which input signal is larger. This chapter
presents conventional comparator architecture. Section 1.1 presents the functionality of the
architecture and section 1.2 derives the time constant for latch stage. Section 1.3 presents the
motivation behind the research work followed by organization of the thesis in section 1.4.

1.1 ARCHITECTURE OF CONVENTIONAL COMPARATOR

The symbol used for a comparator is shown in Figure 1.1 [1]. The comparator is a decision making
device wherein whenever input signal V, (positive terminal) of the comparator is larger than the input
signal V,, (negative terminal) at that point the comparator gives output as logic 1 (Vpp) though

whenever input signal V, is not larger than V, then the comparator gives output as logic 0 (ground).

Vp
+ Vout

Vm

Figure 1.1 Symbol of comparator [1]

A block diagram of a conventional high speed comparator is diagrammatically presented in Figure 1.2
[1]. The comparator works in three stages namely (a) the input preamplifier circuit, (b) a positive
feedback or a latch stage and (c) an output buffer. One or two preamplifier circuit stages are used in
high speed comparators whose output is given to the latch circuit. The preamplifier circuit amplifies
the input signal which improves the sensitivity of the comparator (i.e., increasing input signal to the
voltage level so that the comparator can efficiently reach to a decision) and insulates the comparator
input from a switching noise commonly known as kick-back noise which comes from the positive
feedback stage. A latch stage or a positive feedback stage comprises of cross-coupled inverters used
to determine the larger input signal. Finally, the output buffer amplifies the output coming from the

latch stage and provides a digital signal as an output [1].



Decision making circuit

Prea.mpl.iﬁer or latch stage Postamplifier circuit
circuit (positive feedback) (output buffer)
RN I +
Vp Top Vep Vout
Vlﬂ _ Iom . Vom _
/ . /

Figure 1.2 Block diagram of a voltage comparator [1]

1.1.1 Preamplifier circuit

The input signal is amplified at this stage to achieve high resolution and to minimize the effect of
kick-back noise. The preamplifier circuit has the gain typically in the range of 4 to 10. Sometimes
unity gain buffer can be used as preamplifier if high speed but moderate resolution is required. If the
gain of the preamplifier becomes greater than 10, then its time constant becomes large which limits
the speed of the circuit. Practically, it is not advised to eliminate the preamplifier because accuracy of
the comparator is affected by the presence of kick-back noise. Kick-back noise is defined as the
transferring of charge either in or out of the input whenever the latch circuit switches its mode from
track to latch. Transferring of charge occurs because of the charge required to turn on the transistors
in positive feedback circuit and by the removal of charge to turn off the transistors in tracking circuit.
Without a preamplifier in the first stage, this kick-back noise will enter into the driving circuitry
which causes large glitches [2].

1.1.2 Decision making circuit

The decision making circuit also known as latch stage is employed for comparing the two input
voltages by the means of positive feedback and find which input voltage is larger. Although, the
output of preamplifier circuit is more than the comparator input yet it is less than the demanded
voltage to drive the digital circuitry. Latch stage amplifies this voltage level in track mode as well as
in latch mode when the positive feedback in enabled. Analog signal is regenerated into full scale
digital signal by the positive feedback circuitry. This stage reduces the total gain stages desired to

obtain a good resolution which makes them faster than the multistage architectures [2].

1.1.3 Post amplification circuit

This stage uses output buffer circuit to amplify the signal and provides the final output as the valid
logic levels (either Vpp or ground). The output buffer accepts differential input signal and it ought not

to have any slew-rate limitations [1].



One important consideration while designing the comparator is to make sure that no memory is passed
on from one decision cycle to next decision cycle. For this, different stages are reset before moving
into the track mode. This can be achieved by joining the internal nodes of a comparator either to
supply voltage or to ground. This can also be done by connecting differential nodes together with the
help of switches before entering the track mode. It also helps to get the valid logic levels before the
latch mode [2]. Another factor which influences the performance of a comparator is scaling down of
the supply voltage to get low-power. As a result sub threshold leakage comes into consideration
which reduces the rail voltage of a comparator if the threshold voltages of the transistors are not
scaled according to the rail voltages. Furthermore, to obtain a low offset voltage in comparators,
aspect ratios of the input transistors have to be increased. As a result, the area of the comparator is
increased which will lead to more power consumption. Therefore, a trade-off between speed, power,
offset and area is taken into consideration while designing a comparator. Speed and accuracy of the
comparator is compromised if low-power and area is required whereas if high speed and low offset is

the major concern, then more power and area are required.

1.2 TIME CONSTANT FOR LATCH STAGE

To calculate the time constant of the latch stage when it is used in positive feedback phase, a
simplified circuit which comprises of two back-to-back inverters is used as shown in Figure 1.3 [2].

{>¢
—

Figure 1.3 Circuit of latch stage [2]

At the beginning of the latch phase, it is assumed that the voltages at the output of both the inverters
Vx and Vy are close to each other. Thus, the inverters work in linear region and can be modelled as
Voltage-Controlled Current Source (VCCS) which drives an RC load. A linearized model of latch
stage is shown in Figure 1.4 [2].
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Figure 1.4 A linearized model of latch stage when it is working in latch phase [2]



Equations (1.1) and (1.2) can be obtained by applying KCL at node ‘X’ and ‘Y’ in the linearized

model.
Ry, Vy =-C, dt R,
Ry, Vx =-C, dt R,

(1.1)

(1.2)

where Ay is the gain of each inverter at low frequency having transconductance equal to G,= Av/ R..

Multiplying Equations (1.1) and (1.2) with R and rearranging gives

T% + VX = —AVVY
dt
Tdﬁ + VY = —AVVX

where T = R .C_ is the time constant of each inverter at the output node.
Subtracting Equation (1.4) from Equation (1.3) gives

(=) (&) =av

where AV denotes the difference between the two output voltages Vx and Vy.

Equation (1.5) is in the form of first order differential equation and its solution can be obtained as

AV = AV, eAv=DtT

(1.3)

(1.4)

(1.5)

(1.6)

where AV, represents the initial output difference voltage of the inverters at the starting of the latch

phase.

Equation (1.6) depicts that AV, rises exponentially with respect to time. The time constant is defined

as

T _RC _ Cp

Tatch = Av—1_ Ay _ G
For MOS devices, output load capacitance is given by
CL = K;WLC,y

where C,, is the gate-oxide capacitance and K; is the proportionality constant.

In addition, the transconductance of the inverter is given by

w
Gy = Kz8m = KZUnCoereff

where Kj is in the range of 0.5 to 1.

(1.7)

(1.8)

(1.9)



Substituting the value of C_ and G, from Equations (1.8) and (1.9) in Equation (1.7) gives

K, L2 L2
K2 UnVess 3 UnVeff

Tlatch = (1-10)

where Kj is the proportionality constant in the range of 2 to 4.

Equation (1.10) implies that T, depends on the technology rather than design. This equation is very
useful in determining the maximum clock frequency of the dynamic comparators.

It is required to attain a voltage difference of AV, SO that the subsequent logic circuitry can safely

identify the correct output value. So, Equations (1.6) becomes
AVipgic = AV,etom/CL (1.11)
On solving Equation (1.11) latching delay of the dynamic comparator is computed as

C AV)ogic
tiaten = g=In (3p2) (112)

1.3 MOTIVATION

The output of static comparators changes instantly whenever there is a change in the input signals. As
a result, they consume more power. However, many applications only require comparator outputs at
certain instances such as ADCs and memories. By only strobing a comparator output at certain
intervals, higher accuracy, low offset and high speed can be achieved with a dynamic comparator
structure also called as latched comparator. But dynamic comparators suffer from large offset voltage
when compared with static comparators. Various offset cancellation techniques has been used in the
dynamic comparator to minimize the offset voltage but they will increase other parameters like power
consumption, area and delay. Therefore, the motivation behind this research work is to design a

dynamic comparator which offers low offset voltage without affecting other performance parameters.

1.4 ORGANIZATION OF THE THESIS

The thesis is organized as follows:
Chapter 1 addresses the architecture of conventional comparators and discusses about the various
design considerations for dynamic comparators. It also covers the motivation behind this research

work.

Chapter 2 presents a brief description of various dynamic comparators that has been reported in the

literature.

Chapter 3 focuses on two conventional structures of dynamic comparators namely single-tail and
double-tail dynamic comparator. Delay and power analysis of these two structures are also discussed

in this chapter.



Chapter 4 proposes fully differential double-tail dynamic comparator using charge sharing technique

and its detailed analysis which includes delay, power and mismatch analysis.

Chapter 5 presents the simulation results of the proposed FDDCCST. The proposed FDDCCST is also

compared with other dynamic comparators available in the literature in this chapter.

Chapter 6 concludes the thesis and also gives the future possibilities to carry forward the research

work.



CHAPTER 2
LITERATURE SURVEY

The need of area efficient, high speed and power optimized ADCs is compelling for the usage and
exploration of the dynamic comparators to reduce the area, power and maximize the speed. The first
DTDC was proposed by Schinkel et al. in [3-4]. In this structure, input and latch stage of the
comparator is separated due to which it can be operated at very low supply voltage. Various other

techniques have been proposed to meet these design specifications.

Elzakker et al. [5] presented the single-tail dynamic comparator having two stages which results in no
DC quiescent current and low input equivalent noise. The presented dynamic comparator is also

optimized to obtain high speed.

Jeon et al. [6] designed a dynamic comparator stems from the structures reported in [3, 5]. Several
modification and two additional inverters are added in these structures to amplify the weak input
dependent differential voltage in evaluation phase. These inverters allow the comparator to achieve
low input referred offset voltage. This comparator uses single phase clock signal to drive the large

capacitive load at the load.

Moni et al. [7] compared various CMOS comparators which includes preamplifier dynamic latch
comparator, latch type voltage sense amplifier, preamplifier based comparator and dynamic latch
comparator with inverter buffer. Comparison study shows that the consumed power of dynamic latch

comparator with inverter is minimum.

To find an optimal design of dynamic comparator heuristic algorithm is used by Yaqubi et al. [8]. A
multi-objective inclined planes optimization and HSPICE are linked together to get several set of
solutions known as pareto-front. Now, from these pareto-front, a designer can select a suitable design
depending on their requirements. Width of the transistors is used as the parameter which is varied to

optimize the design.

Mashhadi et al. [9] proposed double-tail based structure for comparator. The positive feedback in the
regeneration phase is reinforced by inserting few transistors to the design of DTDC [3-4], which
results in reduced delay time. In addition, the comparator is operational at low supply voltage and has
reduced power consumption. Additional NMOS switches are also added to the input transistors to

overcome the problem of static power consumption in comparator during regeneration phase.

Vaijayanthi et al. [10] presented a bulk-driven dynamic comparator for low supply voltage and low-
power capability which results in reduced delay. Another bulk-driven method to design DTDC is
discussed by Dubey et al. [11]. The gain of the amplification stage (input stage) is improved by using

bulk-driven PMOS load transistors. These loads operate in weak inversion region to improve the



speed and save considerable power. The limitation of bulk-driven technique is that it reduces the

transconductance of transistors.

Bahmanyar et al. [12] designed a DTDC suitable for biomedical applications as it requires low-power
devices. The vital signals do not change quickly, so the comparator having high speed is not required
but the amount of consumed power is of major concern. This structure has three stages which allow

the comparator to operate at low supply voltage and reduce the static leakage current.

To reduce the sub threshold leakage, CMOS inverter based preamplifier design for dynamic
comparator is reported by Vemu et al. [13]. In this structure, inputs are given to the inverters and their
outputs are applied to the latch stage which reduces the power consumption as well as delay of the

comparator.

Double-tail structure is modified by inserting cross-coupled control transistors in input stage to
increase the regeneration speed reported in [14-16]. To minimize the static power consumption due to
these cross-coupled control transistors, another two transistors are added to the input transistors.
These transistors break the path for current to flow from Vpp to ground if one of the control transistors
turns ON during decision phase. This structure is termed as Modified Double-Tail Dynamic
Comparator (MDTDC).

Dastagiri et al. [17] modified the exiting double-tail comparator structure [14-16] by adding domino
logic circuit at the output side. By adding domino logic at the output, slew-rate of the comparator is
increased than conventional DTDC.

Jain et al. [18] added two key transistors in the latch stage of MDTDC to enhance the effective
transconductance of the intermediate stage transistors. Due to this, latch regeneration speed is

increased as the initial output voltage difference is enhanced.

The new reset technique in which charge shared logic is provided between the output nodes is
presented in [19-20]. In this reset technique, a pass transistor is added in between the two output
terminals to share a charge between them during reset phase. As a result, output terminals are now
charged to some intermediate level instead of ground and Vpp. Therefore, the input signals can be
compared quickly during the comparison phase because the voltage at the output terminals will not

drop below the threshold voltage of the transistor.

Rahmani et al. [21] presented a high speed DTDC with isomorphic latch preamplifier pairs. Supply
voltage is enhanced in clock transition period with the help of supply boosting technique to reduce
delay and power. SR latch comprise of NAND gates is used in evaluation phase instead to SR latch
based on NOR gates as NAND gate is faster than NOR gate. Another structure that uses NAND latch

circuit is reported in [22].



Fahmy et al. [23] transformed current steering technique by charge steering technique. Tail current is
replaced with small capacitor and two NMOS switches. These two NMOS switches are driven by two
clocks which are out of phase. In addition, charging and discharging time for the small capacitor used

are less and equal. This modification reduces the power consumption and enhances the speed.

A two stage dynamic comparator designed for SAR ADC is presented by Hwang et al. [24]. It uses
forward body bias scheme which helps the structure to operate at low supply voltage and reduces the
power consumption. This structure also offers high speed performance with low offset voltage.

Bindra et al. [25] used dynamic biasing to reduce the energy consumption. Dynamic biasing is
provided by replacing the input tail transistor with a capacitor and two transistors. One of the
transistors is used to reset the capacitor to ground. Due to this, output nodes of preamplifier do not
discharge to the ground at the end of comparison phase like other dynamic comparators. Partial
discharging of the output nodes of preamplifier saves considerable power.

Various structures use differential pairs as the input transistors reported in [26-27]. Due to this, the
offset voltage of the dynamic comparator is reduced significantly without affecting the speed and
power of the comparator.

Another structure presented by Hassanpourghadi et al. [28] separate the preamplifier and latch. Both
the circuits are operated using two different clock pulses which reduce the mismatch effects in inner

devices. Therefore, the input referred offset voltage is significantly reduced.

Offset cancellation techniques are commonly used to decrease the offset voltage in dynamic
comparators. One such technique is implemented for single stage latch comparator by Kazeminia et
al. [29-30]. In this technique, analog control signals are applied to the circuit instead of digital control
signals to resolve the unwanted coupling effect occurred in other offset cancellation techniques [31-
32]. The comparison cycle consists of six different phases in which different operations are performed
such as removal of previous latched data, increasing the gain of offset cancellation loop, amplification
of main inputs, etc. The control signals of small amplitude are applied on the bulk terminal of
frequently used PMOS transistors for positive and negative feedback to schedule the multiple

operations.

A low-power rail-to-rail DTDC was proposed by Shahpari et al. [33]. In this structure, two parallel
PMOS differential pairs with a DC level shifter are added in the input stage to increase the range of
input common-mode voltage to rail-to-rail swing. Furthermore, to reduce the offset voltage, an offset

cancellation circuit is also added to the structure which works on discrete time bulk-driven technique.

The second generation of dynamic comparators is presented by Khorami et al. [34]. In this structure,
to minimize the power, two PMOS transistors are inserted as the input of the latch circuit and the
PMOS preamplifier circuit is cascaded with PMOS latch circuit to get low-power and reduced delay.

9



The two stages get activated by different clock pulses generated by inverter based clock generator.
NMOS version of the proposed structure is also presented which provides better performance than

PMOQOS version in terms of speed.

Halim et al. [35] combines the differential pairs in input stage and charge sharing technique in latch
stage to reduce delay. But, this structure suffers from stacking of transistors during comparison phase

and hence it requires large supply voltage headroom for proper operation.

10



CHAPTER 3
CONVENTIONAL DYNAMIC COMPARATORS

Dynamic comparators are extensively used in many high speed ADCs because they have a strong
positive feedback in regenerative latch due to which they can make fast decisions. The performance of
dynamic comparators can be analyzed from different aspects such as offset [36-38], latching delay

[2], power consumption [39], random decision error [40], kick-back noise [41], etc.

This chapter presents a broad analysis of two common conventional structures namely, Single-Tail
Dynamic Comparator (STDC) and Double-Tail Dynamic Comparator (DTDC). In section 3.1 and 3.2
delay analysis of STDC and DTDC are presented whereas section 3.3 is used to analyze the power

consumption of the dynamic comparator.
3.1 CONVENTIONAL SINGLE-TAIL DYNAMIC COMPARATOR

The circuit diagram of the conventional STDC is shown in Figure 3.1 [42]. It is widely used in many
ADCs because it has high input impedance, full output swing and no static power consumption. The
comparator works in two phases i.e, reset phase and comparison phase. In reset phase if clk = 0, then
transistor My, is switched OFF whereas the transistors M; and Mg are switched ON and now these
two transistors will precharge the output nodes ‘out-’ and ‘out+’ to Vpp. A valid voltage level is
obtained at the output nodes during reset phase which is defined as a starting condition for
comparison phase.

A%}
[ ] [ |
clk clk
—c| M7 Ms )o— —o| \Y [ Ms |o—
L | |
out- ——— '
_E_ | :':_—CL
TC M | i M4
; =
Ip1 In2

Vin- 1 M2 Vin+
= - =8
ITAIL

clk—-l MTAIL

L

Figure 3.1 Circuit diagram of conventional STDC [42]



In comparison phase if clk = Vpp, then transistor M+, is switched ON whereas transistors M;and Mg
gets switched OFF. Output nodes ‘out-’ and ‘out+’ start discharging from Vpp with different rates
depending on the voltage at input nodes ‘Vin-’ and ‘Vint+’. If Vin- > Vint, output node ‘out-’
discharges at faster rate than output node ‘out+’. As soon as the voltage at output node ‘out-’ falls
below the threshold voltage Vpp - [Vinp|, the PMOS transistor Mg will turn ON. Thus, output node
‘outt+’ charges to Vpp whereas output node ‘out-’ discharges to ground. Similarly, if Vin+ > Vin-,
then the output node ‘out-’ charges to Vpp and output node ‘out+’ discharges to ground. Thus, it can
be concluded that if Vin-> Vin+, then output nodes ‘out+’ and ‘out-’ are at ‘logic 1’ and ‘logic 0’
respectively. Similarly, if input Vin+ > Vin- then output nodes ‘out-’ and ‘out+’ are at ‘logic 1’ and

‘logic 0’ respectively.

The total delay ti, of the comparator comprises of two delays toand t,cn Where t, represents the time
period in which the load capacitor C, discharges till the first PMOS transistor (either Ms or Mg) turns
ON and tj represents the latching delay of cross-coupled invertor pairs (Ms — Ms and My — M).
Consider when Vin- > Vin+, the drain current Ip; of transistor M; discharges the output node ‘out-’
faster than the output node ‘out+’ Thus, delay t; is given by

— CL-lvthp|

ty = (3.1)

Ipg

where Ip; = ltan/2 + gm12 AVin, Since, the drain current Ip; can be approximated as a constant current

(Ibz = ltai/2) for small values of input differential voltage (AV;,). The delay to reduces to

CL|Vinp|

ItAIL
The delay t.n, calculated using Equation (1.12) is given as
— CL AVout
Yatch = P In (_AVO ) (3.3)

where gmerr represents the effective transconductance of two cross-coupled inverters (M;— Ms and M,
— Mg).

This delay depends on initial output difference voltage AV, at t = to in logarithm manner. The final
output AV, is assumed to be Vpp/2 from the initial output difference voltage AV and the delay tjuen

is modified as

C Vpp/2
tlatch ~ gm(‘;m.ln( 2o/2) (3.)

The initial output difference voltage (AVy) can be written as

AVy = Vot (t=to) = Vour-(t =to)| = |Vthp| - IDé.to = |Vthp| ( - iz_j) (3.5)

L
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The current difference Ali, = |Ip; - Ips| is much smaller than Ip; and Ip, between the branches and is

equal to gmi2 AVin. Thus, Ip; can be approximated to I+, /2 and Equation (3.5) can be rewritten as

Aljn
ItAL

AV = 2. V| (B2) = 2. [ Ve |- |22 AV, (3.6)

TAIL

where B;, = transconductance parameter of input transistors and Iy, is the tail current which is a

function of supply voltage and input common-mode voltage (V).

By substituting the value of AV, in Equation (3.4) time period tycn, becomes

CL ( Vpp.y/ItalL )
t = .In 3.7
latch Bm(eff) 4-|Vthp|-\/ 61,2 AVip ( )

Using Equations (3.2) and (3.7), the total delay tio (= to + tiaen) IS given as

Cr|Vinp| CL ( Vpp.yItaIL )
) _ 9 n 1n 3.8
total ITALL Em(eff) 4‘-|Vthp|-\/81,2 AVin ( )

From Equation (3.8), various parameters which affect the total delay ti can be analysed. The total
delay of the comparator is directly proportional to the C, and inversely proportional to the AVj,.
Moreover, the common-mode voltage (V.m) indirectly affects the delay of the comparator. When V¢,
is reduced, it causes smaller bias current i.e. ltaL Which tends to increase the t, delay of the first
sensing phase. Equation (3.6) shows that smaller I+, increases the initial output difference voltage
(AV,) hence reducing ti. On reducing the value of V.n, the delay to increases linearly whereas the
delay t,cnh decreases logarithmically. Due to this, the total delay of the comparator increases. In [43], it
has been shown that the optimal value for V¢, is 70% of the supply voltage regarding yield and speed.
The switching speed of output nodes does not have a direct effect of the parasitic capacitances of
input transistors. Therefore, to minimize the offset voltage of the comparator input transistors with

large aspect ratio are used.

The disadvantage of STDC structure is high supply voltage requirement for proper delay time due to
stacking of transistors. This happens because in comparison phase only transistors Ms; and M, are
present in the positive feedback until the voltage at one of the output nodes dropped below the
threshold value of transistors Ms and Mg to start the regeneration. At a lower supply voltage, this
scenario is even worse as the delay of the latch increases due to reduction in transconductances.
Another limitation of this structure is only one tail current, via transistor M+, which describes the
current for differential amplifier. To keep the transistors of differential amplifier in weak inversion,
small tail current is desired to have a better G/I, ratio and long integration interval whereas to enable

fast regeneration in latch stage, larger tail current is desired [3-4].

To plot the transient response of STDC, the various input parameters are chosen as AV;, = 20 mV,
Vem = 0.7 V, Ty = 500 MHz, Vin- = 20mV and Vin+ = 0V. The power supply voltage is used as
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Vpp = 1V. The transient response of STDC is shown in Figure 3.2 [9]. Figure shows that total delay is
0.594 ns, where t; = 0.31 ns and tjue, = 0.284 ns.
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Figure 3.2 Transient response of the conventional STDC [9]

3.2 CONVENTIONAL DOUBLE-TAIL DYNAMIC COMPARATOR

The circuit diagram of the conventional DTDC is shown in Figure 3.3 [3]. This structure has two
separate tail currents which enable large current in the latch stage for fast regeneration and small
current in differential stage for low offset. Also, it has less stacking of transistors due to which it can
be operated at lower supply voltages. Similar to STDC, this comparator also works in reset phase and
comparison phase. In reset phase, if clk = 0, transistors Mya; 1 and Myay» are switched OFF whereas
transistors M3 and M, are switched ON, which will precharge the nodes ‘A’ and ‘B’ to Vpp. As a
result transistors Mg; and Mg, get switched ON and discharge the output nodes ‘out-’ and ‘out+’ to
ground. In comparison phase, if clk = Vpp, then transistors My 2 and Mya, are switched ON
whereas transistors M; and M, are switched OFF. The voltages at nodes ‘A’ and ‘B’ start to drop at
different rates depending on the voltages (Vin- and Vin+) at input transistors M; and M,. This builds
an input dependent differential voltage (AVag) between ‘A’ and ‘B’ nodes. Intermediate transistors
Mg; and Mg, pass this voltage difference to the cross-coupled inverters (M; — Mg and Mg — M) and
also help to reduce kick-back noise by providing a good shield between input and output. If
Vin- > Vin+ then node ‘B’ discharges faster than node ‘A’ due to which transistor Mg; turns OFF and
output node ‘out-’ stops discharging whereas output node ‘outt’ is still discharging till its voltage
reaches below the threshold of PMQOS transistor M;. The transistor M- charges the output node ‘out-’

to Vpp and discharge the output node ‘outt’ to ground. Therefore it can be concluded that if

14



Vin- > Vin+, then ‘out+’ is at ‘logic 0’ and ‘out-’ is at ‘logic I’. Similarly, if input Vin+ > Vin-, then
‘out-’ is at ‘logic 0’ and ‘out+’ is at ‘logic I’.
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Figure 3.3 Circuit diagram of conventional DTDC [3]

Similar to STDC, the delay t;, of this comparator structure comprises of two delays toand ty,n. Here,

the delay t, represents the time period in which the load capacitance charges till the first NMOS

transistor either My or My, gets switched ON to start the latch regeneration. Thus t, is obtained from

ty =

_ CL-Vihn

Ip1o
where Ipyq represents the drain current of transistor M.

modified as

(3.9)

The current lp;p can be approximated to lta2/2 for small values of AVj, Thus, the delay ty is

CL.V
tozz L-Vthn

ITAIL,

(3.10)

When the first NMOS transistor of the latch (for example Mjg) gets ON, the output node ‘out+’ starts
discharging to ground which will turn ON the PMOS transistor M;. The transistor M; charges the

output node ‘out-’ to Vpp. Thus, the regeneration time tj,, is obtained by using Equation (3.3).
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The initial output difference voltage (AV,) at time t = t, is given as

Ip1o-to I
AV = [Vous (£ = to) = Vour- (¢ = to)| = [Vinn| — 2252 = Vi (1 - 122) (3.11)

Ip1o

where Ipyg and Ipg are the latch right and left side branches current, respectively and Aljcn = |Ip1o — Il

= gmr12 AV as. Equation (3.11) is now rewritten as

AI atc m .
AV, = Vi (ﬁ) = 2. Vi BORIZ AV, (3.12)

ItaIL2

where gnr12 = transconductance of two intermediate transistors Mg; and Mg, and AV g is the voltage
difference between nodes ‘A’ and ‘B’ at time t = t;. Thus, it can be concluded that AV, as well as
latch regeneration time is strongly influenced by transconductance (Qgmri2) Of two intermediate
transistors Mg; and Mg, and the voltage difference between nodes ‘A’ and ‘B’ at time to (AVag). The
voltage difference AV ag is amplified by intermediate transistors which causes latch to imbalance. The
voltage difference between nodes ‘A’ and ‘B’ can be calculated as follows

Ia-1
AVpp = |Va(t = to) — Vp(t = to)| = to. EABB (3.13)

where 15 and Ig refers to the discharging currents of transistors M, and M respectively which depends
on input differential voltage (AVi,) as Al = gy 2 AVin. Now AV ag becomes

AVAB — to- gml,Z-AVin (314)

CaB

Using Equations (3.10) and (3.14), AV, becomes is obtained as

2Vinn\2 C
AV, = ( - ) —=. 8m1.2-8mRr1,2AVin (3.15)

ITaIL2 CaB

The Equation (3.15) shows that the transconductance of the input and intermediate transistors, latch
tail current, capacitive ratio C./Cag and input differential voltage (AV;,) strongly affects the value of
AV,. The total delay of the comparator by substituting the value of AV, in Equation (3.4) and using

Equation (3.10) is achieved as

CL-Vthn + CL ( Vpp-Cap1FarL2 ) (3.16)

t = 2. .In
total ItaIL2 8m(eff) 8Vthn2CL-gml,Z-ngl,zAVin

From the Equation (3.12), it can be concluded that the voltage difference between nodes ‘A’ and ‘B’
(AV ap) at time t, strongly affects the initial output difference voltage AV, which in turns affects the
latch delay. Therefore increasing AV, would finally reduce the total delay.

To plot the transient response of DTDC, the various input parameters are chosen as AVj, = 20 mV,

Vem = 0.7 V, clk = 500 MHz, Vin- = 20mV and Vin+ = QV. The power supply voltage is used as
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Vpp = 1V. The transient response of DTDC is shown in Figure 3.4 [3]. Figure shows that total delay
is 0. 4415 ns, where t; = 0.3434 ns and tn, = 0.09 ns.
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Figure 3.4 Transient response of the conventional DTDC [3]

3.3 POWER ANALYSIS OF DYNAMIC COMPARATOR

For power analysis of dynamic comparators the time variant model of transistor is used. EXisting
models of MOSFETSs have distinct expressions for all operating region which is not accurate near or
at the boundary between such regions [39]. So, the single expression for drain current of MOSFETS
which is valid in all operating region is presented by Tsividis et al. [44]. The drain current is given as

Ip =1, {ln2 (1 + exp [%D —In? (1 + exp [% )} (3.17)

-1

Y , & = KT/q is the thermal voltage and

2/Vap—Vro+(¥+ 2¢t)2

where Iz = 2Cox = nd? , n = |1 -

V, is the pinch off voltage which can be approximated as (Vsg — V1o)/n [44].
Substituting the value of V, in Equation (3.17), I becomes,

Ip =1y {ln2 (1 + exp [VG#;‘:TD —In? (1 + exp [VGS+‘$:_VTD} (3.18)

This time variant model shows good accuracy for low voltage operations in all regions of inversion,
which also include narrow or/and short channel effects and ion-implantation effects. Simple

expression can also be derived from this model for each region of inversion [44].
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The average power consumed during one period of conversion can be obtained as

1 T T
Pavg = Efo VDDIsupplydt = fclkVDD fo Isupplydt (3-19)

where fq is the clock frequency of the comparator and I,y is the total current drawn from the power
supply.

Considering an example of STDC, during reset phase when clk = 0, a current is drawn from supply to
charge the output nodes ‘out-’ and ‘out+’ to Vpp. In comparison phase when clk = Vpp, initially both
the PMOS transistors Ms and Mg are OFF. As the operation continues, one of the output nodes get
discharged enough to turn ON the PMOS transistor either Ms or M. When Vin+ > Vin-, output node
‘out+’ discharges faster which will turn ON the transistor Ms. Thus, the output node ‘out-’ gets charge
to Vpp whereas output node ‘outt+’ discharges to ground and transistor Mg will remain OFF.
Transistor M will get OFF and after some time no current will be drawn from supply. Therefore, the
current is drawn for a short time from only one PMOS transistor (Ms) which is equal to ls,,y and is

given as

Vop=Vours (O—|V. Vb =Vouts | Veny |- (Vpp=Vour—
Isupply = ISpS {11’12 (1 + exp [—DD zt:qgt) | thp| ) — 11’12 (1 + exp [ bD e+ (© | tzhnp(l, n(Vop t (t))]>} (320)
t t

To calculate the average power of the comparator during comparison phase, Equation (3.19) can be

rewritten as

P

avg =

Vpp—Vours (D—|V, Vop—Vout+ O —|Venp | -1 (Vbp —Veut—
farVonlaps Jio {lnz (1 + exp [—DD 2:4(:) i ) — In? (1 + exp[ b —Vouts (-] tzhpl n(Vp ~Vout “”D}dt
t t

(3.21)

The integration is performed from starting of regeneration (to) to the end of regeneration (t,) equals to
CE‘}Ladln (XVL_D). In Equation (3.21) output voltages ‘Vou’ and Vg’  are functions of time. Using
Equations (1.6) and (1.7), it can be seen that the difference of output voltages changes logarithmically

as follows
Gt
AVoue = |Vout+ - Vout—l = AVOeXp(ﬁ) (3-22)

where G, = effective transconductance of cross-coupled inverters, Cq4q IS the load capacitance at the
output and AV, is initial output difference voltage given by Equation (3.4).

The output V. is discharged completely and it is given as

Vout+ = (Vpp — |Vthp| [exp(—(t - to)/Tlatch] (3.23)

where T iS the ratio of G, and Cpag.
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Now, average power of STDC can be calculated by using Equations (3.21), (3.22) and (3.23) and

given as

2 2
tp §J (Vb —Vours (D —|V Vpp—Vout+ (O—|Vinp|—n(Vop—Vour— (1)
Pavg = clkVDDISp5 fto {( DD 2;+¢t | thpl) _( DD t+ | ;;pqlt DD t ) }dt (3.24)

After simplification, Equation (3.24) is expressed as

Pavg = clkVDDIspS (Sn;tz) Tlatchlvthp| X [Zk - nlvthpl + (Zk + nlvthpl) exp (_zﬂ) -

Tlatch

4k exp (— ﬂ)] (3.25)

Tlatch
where k = Vpp - [Va.

From Equation (3.25) it can be concluded that power of dynamic comparator depends on clock
frequency, supply voltage, aspect ratio of input transistors and the time in which the comparator

makes a decision (t, - t,).
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CHAPTER 4
DESIGN OF PROPOSED FULLY DIFFERENTIAL DOUBLE-TAIL
DYNAMIC COMPARATOR

This chapter discusses the design and operation of proposed FDDCCST in section 4.1. Delay, power
and mismatch analysis of proposed FDDCCST is presented in section 4.2, 4.3 and 4.4 respectively.

41 OPERATION OF PROPOSED FULLY DIFFERENTIAL DOUBLE-TAIL
DYNAMIC COMPARATOR

The fully differential double-tail dynamic comparator using charge sharing technique (FDDCCST) is
presented in Figure 4.1. The features of differential pair and DTDC are combined to achieve low
offset voltage in the proposed FDDCCST. Charge share technique suggested in [19-20] has been
implemented using pass transistor logic which shares a charge between the two output nodes during
reset phase. As a result, output nodes are now charged to some intermediate level instead of ground
and Vpp.
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Figure 4.1 Proposed fully differential double-tail dynamic comparator using charge sharing technique



The proposed FDDCCST works in two different phases namely, reset phase and comparison phase. In
reset phase, when clk = 0, transistors Myai 1 and Mra 2 are switched OFF and transistors M, Mg and
Mc are switched ON and they will charge the nodes ‘A’ and ‘B’ to Vpp and therefore, transistors Ms
and Mg get switched ON. Transistor Mc is used to share the charge between output nodes ‘out+’ and
‘out-’. In comparison phase, when clk = Vpp, transistors Mya1 and Mra . are switched ON and
transistors Ma, Mg and Mc are switched OFF. Now, nodes ‘A’ and ‘B’ starts discharging through
transistors M, to M, at different discharging rates depending upon the input voltages at transistors M,
and My. When Vin+ > Vin-, node ‘B’ discharges faster than node ‘A’ which will turn OFF the
transistor Mg and output node ‘out-’ stops discharging. The output node ‘out+’ discharges below the
threshold voltage, which will turn ON the transistor Mg. Therefore, output node ‘out-’ charges to Vpp
and output node ‘out+’ discharges to V. Similarly, when Vin- > Vin+, output node ‘out+’ charges to
Vpp and output node ‘out-’ discharges to V. At the end, depending upon the inputs to the

comparator, output nodes ‘out+’ and ‘out-’ either charges to Vpp or discharges to V.

4.2 DELAY ANALYSIS

The total time delay t Of the proposed FDDCCST involves two delays to and tiaen as tior = to + tiaecn,
where to represents the time period in which the load capacitor C_ discharges till the first PMOS
transistor (either Mg or Myg) turns ON and t,,c, represents the latching delay of cross-coupled invertor
pairs (Mg - Mg and M5 - Mg). The drain current of the transistor M; which can be approximated to
ltaiL2/2 is given as

. Itamz _ ~ dVout-
Ip; = — = C, —;: (4.2)

Now, integrating both sides of Equation (4.1) fromt =0 to t = t, gives

to CL Vpp—Vin . 2CL(Vpp—Vthp)
dt=— Pdv; tgy=——"7"-—— 4.2
fo Ip; fO 0 ItaIL2 (42)

where C_ represents the load capacitance.
The delay tpn , is calculated using Equation (1.12).

CL AVout CL [Vbp—Vssl/2
tateh = n () = n ( ) 43
latch 8m(eff) AV, 8m(eff) AV, ( )

The initial output difference voltage AV, is expressed as

I
AVy = |[Vours (t= tO) — Vout— (t= t0)| = |(VDD - Vthp)(1 - E)l (4-4)

Ip7

Assuming Aljaech = |Ip7 — Ipg| = 8ms,sAVag and oy = ltai2/2, Equation (4.4) can be rewritten as

AV = [2(Vpp — Vi) (BmesTam)

ItaIL2

(4.5)
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where gmg s IS the transconductance of transistors Ms and Mg (intermediate stage transistors) and AV ag

is the voltage difference between nodes ‘A’ and ‘B’ at time t = t,.

The voltage difference between nodes ‘A’ and ‘B’ AV s at time t = t; is given as

to(Ig—I
AVpp = [Vi(t = to) — Vu(t = to)| = le=la) (4.6)

Cas

where g and 1, represent the discharging currents of input transistors M; - Ms and M, - My, which
depend on input differential voltage (AViy). Assuming|lg —Ia| = Al = g1, AVy,, the voltage

difference AV ag Can be rewritten as

AVpp = —togmcll;“’in (4.7)

Using Equations (4.2), (4.5) and (4.7), AV, is modified as

8ms,58m1,2 AVinZCL(VDD_Vthp)
AV, = |2(vDD - vthp)( o (4.8)
TAIL2 AB
Now, the delay tj is given as
_ G [Vbp—Vsslltaiz? Cap
tlaten = .In 2 (4.9)
8m(eff) 8(VDD_Vthp) gms,58m1,2 AVinCL

The total delay of proposed FDDCCST by substituting the values of toand tj,, can be obtained as

_ _ 2
trotal = 2CL(Vpp Vthp)_l_ CL 1n< [Vbp—VsslltaiL2” Cag ) (4.10)

. 2
ITAIL2 8m(eff) S(VDD_Vthp) 8ms,58m1,2 AVinCL

4.3 POWER ANALYSIS

The average power of the proposed FDDCCST is calculated [39] as

Pavg = clkVDDIspS (Sn:)tz) Tlatchlvthp| X [Zk - nlvthpl + (2k + nlvthpl) €xp (_Zﬂ) -

Tlatch

tp—t

4kexp (- ﬁ)] (4.11)
-1

where K = Vpp - [V, n = |1 — Y and Ips = 2UCox 1 nZ.

2/Vos—Vro+(¥+ zq)t)z

4.4 OFFSET VOLTAGE

The proposed FDDCCST is less sensitive to the mismatches present in the transistors because it uses

fully differential pairs (My/M3z and My/My) in the input stage. In the comparison phase, when

clk = Vpp, transistor M1 turns ON and moves to saturation region like transistors M; to M, of the

two differential pairs. The drain voltage of transistors M; to My is at Vpp due to transistors M, and
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Mg which charge the ‘A’ and ‘B’ nodes to Vpp during reset phase. Transistors Ma and Mg act like
switches which are closed in comparison phase. The proposed FDDCCST has symmetry which results
in identical pairing between the transistors. Mismatches in MOQOS transistors are categorized as
threshold mismatch (AVy,) and transconductance parameter f mismatch (AfB) [37]. These two random
variables are assumed to have a normal distribution and variance given as

2 2
ou 2 = Avy, | Gl = A
Vinh wL '’ B WL

(4.12)
where Ay, and Ag are the process-based parameters.

4.4.1 Input offset voltage

At the beginning of the comparison phase, transistors M; to M, and Mray; are in the saturation
region. The two discharging currents I, and Ig are equal in the balanced state if the dimensions of all
input transistors are same i.e B; = P, = Bs = Ps4. T0 calculate the input offset voltage of the proposed
FDDCCST input stage is simplified as shown in Figure 4.2.
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Figure 4.2 Simplified circuit diagram of input differential stage of proposed FDDCCST

Applying KCL at node ‘A and ‘B’ (if there is no mismatch) the currents I, and Ig are given as
IA = IDZ + ID4 (413)

IB = IDl + ID3 (414)

Suppose the mismatch exists between the transistor pairs M; - Mz and M, - M, which gives input

offset voltage. Now, including mismatch effect the currents 1, and Ig are modified as
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M (vref* — Vx — Vinnz — AVinnz)? + M (Vin™ — Vx — Vihng — AVipna)? =

(B1+4B1) +AB ) (Bz3+AB3) +AB )
. . (V * +VOS _input VX Vthn1 AVthnl) + == ( ref” _VX _Vthn3 _Avthn3)2

(4.15)
A
Here an operator (—) is used to simplify the expression which is exemplified as
A *
= B" (Vs = Vinnz ) = BVes — Vinn) + AB(Ves — Vinn) — BAVinn — APAVinn
= AB(Vgs — Vihn) — BAVinn (4.16)

Where B*: (B + AB) and Vthn* = Vthn + Avthn.

Assuming all the variations is random in nature and variables are uncorrelated having normal
distribution and zero mean. By using the above operator and solving for Vos i by dividing the
whole equation by 3; Equation (4.15) becomes

VOS_input =

(vreft—Vy—Vinn)® A, _ vreft—Vx—Vipy n (Vin™=Vx—Vinn)? ABy _ Vin~—Vx—Vipy v _

2(Vin*—Vyx—Vinn) B1  VInt—Vx—Veny 02 T 2(Vint—Vx—Venn) Br  Vint—Vyx—Venn 0
(vref” —Vx—Vinn)® ABs | vref —Vx—Ving (Vin*—Vx—Vinn)? ABy
2(Vin*=Vx—Vinn) B1 = VIn*—Vyx—Vip, 003 2 g, T AVihm (4.17)
Substituting V,y; = (Vint — Vx — Vipn), Vovz = (vreft — Vy — Vi), Vous = (vref ™ — Vx — Vi)
and Vyys = (Vin™ — Vi — Vi), Equation (4.17) reduces to

_ (Vovz)2 A_ﬁz _ Vovz (V0v4-)2 A_B4 _ Vova (Vov3) AB3 Vovs
Vosimput = 50058y Vour V12 T 3003 By T Vour SV T 20y By T Vouy L vEIN3 T
A
7ot 2t AV (4.18)

where V,; is the overdrive voltage of input transistors where i =1, 2, 3 and 4.

Thus, the random input offset voltage G\Zfos input is calculated from variance of Equation (4.18) as

()‘\zlos_input = ‘il=1 (vovi)z (m?thni + [U‘;ﬂ]z O'éi) (4.19)

Vov1

From Equation (4.19) it can be concluded that offset voltage is highly affected by the overdrive

voltages, threshold voltage mismatch and transconductance parameter B mismatch of transistor
M; — M.

4.4.2 Output offset voltage

To calculate the output offset voltage, output latch stage of proposed FDDCCST is simplified as
shown in Figure 4.3. The inputs of the output latch stage are applied at the gate of transistors Ms and
Mg which are connected to the ‘A’ and ‘B’ nodes. During comparison phase, when clk = Vpp, nodes

‘A’ and ‘B’ start discharging at different rates if Vint # Vin-. When Vin+ = Vin- and there is no
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mismatch present in the transistors then both the nodes will discharge at equal rates. Therefore a
balanced state is obtained at the output nodes (Vou+ = Vour.). However, if a mismatch is present in the
transistors of output latch stage, then the balanced state is disturbed (Vou+ # Vou.). S0, to maintain the
circuit in balanced state, voltage Vos_ouput should be applied at ‘A’ or ‘B’ node.
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Figure 4.3 Simplified circuit of output latch stage of proposed FDDCCST

The operation regions of the transistors in the latch stage vary with time. Output nodes ‘out+’ and
‘out-" discharge through transistors Ms and Mg and initially the voltage on the gate of these two
transistors is Vpp, due to which they operate in saturation region. If Vin+ > Vin- then transistor Mg
and Mg are in saturation region whereas transistors M, and My are in cut off region. The effect of
mismatch in transistor pairs Mg - My and Mg - My is ignored because during comparison phase, one
of the transistors in each pair is in cut-off region and gets switched ON when the comparison is done,
accelerating only the unbalanced process. So, the output offset voltage is affected by the mismatch
exists between the transistors Ms and Mg only. To calculate the output offset voltage due to Ms and
Mg mismatch is considered that,

Applying KCL at nodes ‘out+’ and ‘out-’, the currents Ipg and Ip;o are given as

ID9 - ID7 + ID8 + AID (420)
Ip1o = Ips + Ipe (4.21)

Since lpg = Ipyo , We get
AID - IDS - ID8 (422)

The current difference Alp after mismatch effect is given as

B (Bs+ABs) 2
Alp =2 (Vgs — Vy = Vinns)? — = (Vas + Vos output = V¥ = Vihng — AVinng) (4.23)
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Dividing by Bs /2 and assuming that Alp is very smaller than s, Equation (4.22) reduces to

1 A
Vas = Vv = Venns =[5 (1 +52) (Vos + Vos.output = Y = Vins — AVinns)

From Equation (4.24), the output offset voltage Vos output IS Obtained as

ABs

-2
£0) ) Vs = Vi = Vitms) + AVinng

1
Vos oupue = (1+3(1+

Assuming ABg/Ps << 1, Equation (4.25) reduces to

A
Vos_output = (15 = 52) (Vs = Vy = Vinns) + AVinns

(4.24)

(4.25)

(4.26)

Thus, the random output offset voltage 0\2,05 sutput is calculated from variance of Equation (4.26) as

2 — 2 2 2
GVOS_output - VOVS 0-88 + thhns
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CHAPTER 5
SIMULATION RESULTS

The proposed FDDCCST has been designed and simulated in 0.18 pm CMOS technology with supply

voltages of + 0.75 V using Cadence Virtuoso Analog Design Environment. Figure 5.1 shows the

transient response of the proposed FDDCCST during one clock cycle, when input signals Vin+ of
5mV and Vin- of 0V are applied having V¢n, = 0.5 V, AVi,=5mV, clk = 1.5 V., and clock frequency

(fax) of 500 MHz to calculate time period t, and ti,. From the figure, it is observed that the total

delay of the comparator is 0.219 ns where, t, = 0.11 ns and tacn = 0.109 ns.
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Figure 5.1 Transient response of the proposed FDDCCST during one clock cycle

The complete transient response of the proposed FDDCCST is shown in Figure 5.2, when two analog

signals Vin+ and Vin- having amplitudes of 10 mV,, and 0 V,, respectively are applied. The

common-mode voltage V. and f are chosen as 0.5 V and 500 MHz respectively When Vin+ > Vin-

, ‘out-’ node charges to Vpp whereas ‘outt+’ node discharges to Vss. Similarly, when Vin- > Vin+,

‘out+’ node charges to Vpp whereas ‘out-’ node discharges to Vss.
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Figure 5.2 Transient response of the proposed FDDCCST for complete cycle of input waveform

The important parameters to determine the performance of the comparator are power dissipation,
delay, area, PDP and offset. The effect of input differential voltage (AV;i,) on delay of proposed
FDDCCST at different common-mode voltages is shown in Figure 5.3. The delay of the comparator at
AVi, =5mV for V¢, = 0.5 is obtained as 0.219 ns. For the given value of common-mode voltage, the
delay of the comparator decreases as input differential voltage increases. In addition, the delay also
depends on the value of V., it decreases as the V¢, increases. From the figure, it is clear that the
delay is comparable for all the values of V., when AV;,> 10 mV.
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Figure 5.3 Delay versus input differential voltage (AVj,) at different common-mode voltages (V¢m)
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Figure 5.4 shows the dependence of input differential voltage (AV;,) on the PDP of the proposed
FDDCCST at different V. The delay and power reduces as input differential voltage increases due
to which PDP also reduces. Similarly as delay, PDP is also less sensitive if the value of V., is more

than 10mV.
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Figure 5.4 PDP versus input differential voltage (AVj,) at different common-mode voltages (V.m)

Figure 5.5 demonstrates the dependence of supply voltage on the power dissipation, delay and PDP of
the proposed FDDCCST. The parameters are calculated at inputs having V¢, = 0.5 V, AV, = 20 mV
and fox = 500MHz. It shows that delay has inverse relationship whereas power has direct relationship
with the supply voltage. PDP is calculated to find the optimum supply voltage for the best
performance of the proposed FDDCCST.
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Figure 5.5 Effect of supply voltage on delay, power and PDP
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Supply voltage of + 0.75 V is chosen as the optimum value because at this value the PDP and offset

voltage is low. Figure 5.6 shows the Monte-Carlo analysis for random offset voltage which is

calculated by applying slow varying ramp signal (580 mV to 620 mV) on one of the input of the

comparator keeping other input at a constant voltage of 0.6 V [31] [45-46] .
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Figure 5.6 Histogram diagram of offset voltage using Monte Carlo simulation

From the figure it can be seen that the absolute offset voltage is 0.184 mV with 1o deviation of

7.6 mV for the run of 500 samples. The proposed FDDCCST can successfully detect the difference of

4mV between the two inputs which results in 8 bit resolution.

The dependency of supply voltage on delay, power dissipation and PDP of the proposed FDDCCST at

various input differential voltages are shown in Figures 5.7, 5.8 and 5.9 respectively.
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Figure 5.7 Delay versus supply voltage (Vpp) at different input differential voltages (AVip)
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Figure 5.8 Power dissipation versus supply voltage (Vpp) at different input differential voltages (AVi,)
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Figure 5.9 PDP versus supply voltage (Vpp) at different input differential voltages (AVi,)

From Figure 5.7, if AV;, = 20 mV, the delay is obtained as 0.269 ns at Vpp = 1.2 V. This delay drops
from 0.269 ns to 0.142 ns when Vpp changes from 1.2 V to 1.8 V. Similarly, in Figure 5.8 if
AVi, = 20 mV, power dissipation is 89.5 uW at Vpp = 1.2 V which is increased to 228 uW at
Vpp = 1.8 V. Furthermore, at a given Vpp, larger the value of input differential voltage the delay and
power dissipation of the proposed FDDCCST decreases. As a result, PDP of the proposed FDDCCST
also reduces as the value of input differential voltage increases at a constant Vpp as shown in Figure

5.90.
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The layout of the proposed FDDCCST is designed using Cadence Virtuoso Layout XL editor is
shown in Figure 5.10. To minimize the effect of parasitics and mismatchs all the transistors are

positioned carefully which results in the layout area of 25.33 um x 18.36 um.
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Figure 5.10 Layout of the proposed FDDCCST

To demonstrate the effectiveness of the proposed FDDCCST post-layout simulations for delay and
PDP versus input differential voltage (AVj,) at various common-mode voltages (V) are shown in
Figures 5.11 and 5.12.
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Figure 5.11 Post-layout delay versus input differential voltage (AVj,) at different common-mode

voltages (Vcm)
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Figure 5.12 Post-layout PDP versus input differential voltage (AV;,) at different common-mode

voltages (V¢m)

From Figures 5.3, 5.4, 5.11 and 5.12, it is clear that post-layout simulation results are comparable to
the pre-layout simulation results. To check the performance of the proposed FDDCCST in extreme
conditions, corner analysis is performed with temperature as the design parameter. The comparator
performance is observed at five different corners namely (a) Slow-Slow (SS), (b) Slow-Fast (SF),
(c) Fast-Slow (FS), (d) Fast-Fast (FF) and (e) Nominal-Nominal (NN). The temperature value used at
different corners is listed in Table 5.1.

Table 5.1 Different temperature values for corner analysis

Corners Temperature (°C)
NN 27°
SS 85°
SF 27°
FS 27°
FF 0°

Figure 5.13 shows the transient response of the proposed FDDCCST when input signals are applied
having input differential voltage AVi, = 5 mV, common- mode voltage V., = 0.5 V and
fak = 500 MHz for different corners. The power supply voltage is chosen £ 0.75 V to perform the
corner analysis. From the figure, it can be concluded that the comparator is fast at FF corner with the

delay of 0.161 ns whereas it is slow at SS corner having delay of 0.31 ns.
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Figure 5.13 Transient response of the proposed FDDCCST at different corners

Pre-layout and Post-layout simulations results for various performance parameter i.e. delay, power
and PDP at different corners considering inputs as V¢, = 0.5 V, AV;, = 5mV and f,, = 500 MHz are
shown in Figures 5.14, 5.15 and 5.16. From the Figure 5.14, it is observed that the post-layout delay
of the proposed FDDCCST is comparable to pre-layout delay at all corners. Figure 5.15 shows that at
FF corner proposed FDDCCST dissipate more power whereas at SS corner it dissipates less power.
From the figures, it is evident that the proposed FDDCCST operates at all four corners within the
acceptable range. From the Figures 5.14 and 5.15, it can also be concluded that the delay is
comparable in post-layout simulation whereas power is slightly increased due to the presence of

parasitic capacitances. With an increase in power, PDP also increases as shown in Figure 5.16.
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Figure 5.14 Pre-layout and post-layout delay at different corners
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Figure 5.16 Pre-layout and post-layout PDP at different corners

Table 5.2 compares the performance parameters of the proposed FDDCCST with other comparator
structures reported in the literature. As observed from the table, the proposed FDDCCST offers
reduced delay and power for all values of input differential voltage when compared with other

comparator structures discussed in the literature. It also provides low offset voltage of 0.18 mV.
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Table 5.2 Comparison of proposed FDDCCST with different dynamic comparators reported in the literature

Parameters |
Comparator [9] [21] [35] [29] [30] [47] [27] [34] Proposed
structures—
Year 2014 2017 2011 2016 2016 2017 2018 2018 2019
Tec?n”rzgogy 180 180 180 180 180 180 180 180 180
Supply
voltage (V) 12 12 18 18 +0.9 +0.75
Clock
Frequency 0.5 0.5 0.1 0.8 0.62 0.1 1.3 0.5 0.5
(GHz)
Delay (ns) 0.55 0.273 1.699 0.37 0.30 0.219
Power
dissipation 329 196 460 780 1200 900 265.25 150 156.3
(uW)
Power delay 8.59*
product 181 53.50 736 gé 14 45 34.22
(PDP) (fJ) :
Ofiset voltage 7.8 2.07 0.15 0.35 0.36 2.4 0.184
(mV)
Bit resolution 9-10 11 10 8
Area 2220.45 256.8 430 465.05
(um?)

*PDP is calculated using formula PDP = (delay) x (static power). All other PDPs are calculated using formula PDP = (delay) x (average power).




CHAPTER 6
CONCLUSION AND FUTURE SCOPE

6.1 CONCLUSION

A detailed analysis of proposed FDDCCST is presented in this thesis which is suitable for low-voltage
and low-power applications due to its double stage structure. The proposed FDDCCST is less
sensitive to the mismatches present in the MOSFETSs because it has fully differential pairs in its input
stage. Due to this, the proposed FDDCCST has the offset voltage of 0.18 mV. Pass transistor logic is
used to share the charge between the output nodes allows the proposed FDDCCST to operate faster
and consume less power making it suitable for high speed applications. From the simulation results, it
is evident that the power, delay and PDP of the proposed FDDCCST are improved than the other
structures reported in the literature. The corner analysis is also performed to show the performance of
proposed FDDCCST in extreme conditions.

6.2 FUTURE SCOPE

The proposed FDDCCST presented in this thesis can also be used as a building block in various
applications such as ADCs, memories, etc. Due to low-power and low-voltage operation of proposed
FDDCCST it can also be used in biomedical applications.
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