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StrongARM Latch Comparator and Method

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority and benefit from U.S. Provisional Patent

Application No. 62/500,136, filed on May 2 , 201 7 , for "Improved StrongARM Latch

Comparator Architecture and Performance in CMOS Technology," the content of

which is incorporated in its entirety herein by reference.

BACKGROUND

TECHNICAL FIELD

[0002] Embodiments of the subject matter disclosed herein generally relate to

a StrongARM latch comparator architecture, and more specifically, to methods and

systems for improving energy consumption, speed and/or clock feedthrough of a

StrongARM latch comparator architecture.

DISCUSSION OF THE BACKGROUND

[0003] A StrongARM latch comparator is a well-known topology. It has some

features that made it unique, such as 1) it does not consume static power, 2) it

produces rail-to-rail output, 3) it has small input referred offset, and 4) it has high

input impedance, as discussed in references [1] and [2]. These favorable features

paved the way for the latch comparator to be widely used as a sense amplifier, a

comparator or a robust latch [1]. For these reasons, it is common to find the

StrongARM latch in analog-to-digital converters (ADCs) [2], Flip-Flops circuits [3],

sense amplifier, etc.



[0004] The original StrongARM latch was first introduced in 1993 (see [4]) and

its configuration is shown in Figure 1. StrongARM latch 100 includes 9 transistors,

two charging transistors CT1 and CT2, four cross-coupled transistors T 1 to T4, two

input transistors T5 and T6, and one tail current transistor T7. A CLK signal (clock

signal) is applied to the gates of the charging transistors and the tail current

transistor, a common mode voltage VCM is applied to both input transistors. One of

the input transistors has a small differential voltage V di in addition to the common

mode voltage VCM . The cross-coupled transistors have their gates interconnected in

pairs as illustrated in Figure 1. It is noted that for this configuration, the input

transistors T5 and T6 are electrically connected between the cross-coupled

transistors and the tail current transistor.

[0005] The original architecture of the StrongARM configuration 100 has been

improved over time to improve the robustness of the circuit, as discussed in [5] and

[6]. In return , the size, speed and efficiency of the latch were compromised. Figure

2 shows a schematic of the improved conventional StrongARM latch 200 proposed

by [5]. This latch configuration includes 11 transistors: charging transistors (CT1 ,

CT2, CT3, and CT4), cross-coupled transistors (T1 , T2, T3 and T4), input transistors

(T5 and T6) and one tail current transistor (T7) with the input transistors T5 and T6

also electrically connected between the cross-coupled transistors and the tail current

transistor.

[0006] In general, the operation of an ideal latch passes through three phases:

Reset, Amplification, and Regeneration, as illustrated in Figure 3 . Reset phase 302

starts when the CLK signal 304 goes Low (note the low value of the signal on the Y

axis, which is the voltage amplitude), hence, charging the internal capacitors at the



nodes A, A', B and B' to the drain voltage VDD through the charging transistors. The

amplification phase 306 starts when the CLK signal goes High, turning all charging

transistors OFF and allowing the current in the circuit to discharge through the tail

current transistor T7. Transistors T5 and T6 in Figure 2 are biased by the constant

voltage V C . Thus, these transistors are always ON. The voltage Vditt is added to

V C in one input, e.g . , transistor T5, causing a slight difference between the current

flowing through these two transistors.

[0007] As a consequence, the capacitors at nodes B and B' (the equivalent

capacitance of the circuit seen at nodes B and B') are discharged at slightly different

speeds, and therefore, the voltages at these nodes drop at different rates.

Transistors T3 and T4 turn ON when the voltages at nodes B and B' reach the value

VDD - V t n, where V n is the threshold voltage to turn on an NMOS transistor. After

that, the voltages at nodes A and A' start to drop at different rates, as illustrated by

curves 320 and 330, respectively, in Figure 3 .

[0008] The regeneration phase 308 starts when the voltage at either A or A'

drops to VDD - V t P turning either transistor T 1 or T2 ON, and the other transistor

remains OFF due to the cross-coupled configuration. As a result, the final voltage

320 reaches VDD in one node (A or A') and the final voltage 330 reaches zero volts

for the other node (A' or A), depending on the polarity of Vditt. The output from nodes

A and A' is taken to fed into inverters [ 1] .

[0009] One of the limitations in this topology is the clock feedthrough problem .

The voltages at A and A' follow the clock for a short period, resulting in a first spike

that is larger than VDD when the clock goes to High (see spike in Figure 6 , at time of

about 1 ps), and another spike, less than 0 volts (shown in Figure 6 at about a time



of 326 ps) when the clock goes Low. These spikes increase the period of both the

amplification and reset phases, hence, increasing the overall delay of the circuit,

which is undesirable.

[0010] The clock feedthrough problem is due to the gate-source (or gate-

drain) coupling, through the internal capacitance. There are many well-known

techniques to reduce the clock feedthrough problems. One such known solution

connects additional capacitors/transistors at the gate of the charging transistors (see

[7] and [8]), or replace the charging transistors with transmission gates (see [9]).

However, by adding any transistor (or capacitor), the total capacitance in the circuit

is increased, and hence, the speed of the latch is decreased, which is not desirable.

[001 1] With the increasing interest in wearable electronics, Internet-of-Things

(loT) and low power applications, the need for small, fast and power-efficient

electronics is always present. Thus, there is a need for an improved design for the

StrongARM latch that has a smaller area, faster performance and better power

efficiency.



SUMMARY

[001 2] According to another embodiment, there is a StrongARM latch

comparator that includes first and second p-type metal-oxide-semiconductor, PMOS,

cross-coupled transistors; third and fourth n-type metal-oxide-semiconductor, NMOS,

cross-coupled transistors, wherein the first PMOS cross-coupled transistor has a

gate electrically coupled to a gate of the third NMOS cross-coupled transistor and

the second PMOS cross-coupled transistor has a gate electrically coupled to a gate

of the fourth NMOS cross-coupled transistor; and fifth and sixth input transistors.

The fifth input transistor is electrically connected between the first PMOS cross-

coupled transistor and the third NMOS cross-coupled transistor, and the sixth input

transistor is electrically connected between the second PMOS cross-coupled

transistor and the fourth NMOS cross-coupled transistor.

[001 3] According to another embodiment, there is a method for driving a

StrongARM latch comparator. The method includes applying a voltage VDD to the

sources of the first and second PMOS cross-coupled transistors; applying a ground

voltage Vo to a tail current transistor, wherein third and fourth NMOS cross-coupled

transistors are connected to the tail current transistor, and wherein the first PMOS

cross-coupled transistor has a gate electrically coupled to a gate of the third NMOS

cross-coupled transistor and the second PMOS cross-coupled transistor has a gate

electrically coupled to a gate of the fourth NMOS cross-coupled transistor; and

applying a common mode voltage to a fifth input transistor and applying the common

mode voltage and a small differential voltage to a sixth input transistor. The fifth

input transistor is electrically connected between the first PMOS cross-coupled



transistor and the third NMOS cross-coupled transistor, and the sixth input transistor

is electrically connected between the second PMOS cross-coupled transistor and the

fourth NMOS cross-coupled transistor.

[0014] According to still another embodiment, there is a circuit including first to

fourth cross-coupled transistors, wherein the first cross-coupled transistor has a gate

electrically coupled to a gate of the third cross-coupled transistor and the second

cross-coupled transistor has a gate electrically coupled to a gate of the fourth cross-

coupled transistor; and fifth and sixth input transistors. The fifth input transistor is

directly, electrically, connected to the first cross-coupled transistor and to the third

cross-coupled transistor and the sixth input transistor is directly, electrically,

connected to the second cross-coupled transistor and the fourth cross-coupled

transistor.



BRIEF DESCRIPTON OF THE DRAWINGS

[0015] The accompanying drawings, which are incorporated in and constitute

a part of the specification, illustrate one or more embodiments and, together with the

description, explain these embodiments. In the drawings:

[0016] Figure 1 illustrates a conventional StrongARM architecture;

[0017] Figure 2 illustrates an improved conventional StrongARM architecture;

[0018] Figure 3 illustrates the various phases through which a StrongARM

circuit goes through;

[0019] Figure 4 illustrates the voltages of a StrongARM circuit as the size of its

transistors is increased;

[0020] Figure 5 illustrates a novel StrongARM configuration;

[0021] Figure 6 illustrates in a comparative manner the voltages of a novel

StrongARM configuration relative to a conventional StrongARM configuration;

[0022] Figure 7 illustrates a normalized energy delay product for novel and

traditional StrongARM configurations for 90 nm CMOS technology;

[0023] Figure 8 illustrates various characteristics for the novel and traditional

StrongARM configurations for 90 nm CMOS technology;

[0024] Figure 9 illustrates a variation of the minimal differential voltage with

the common mode voltage for the novel and traditional StrongARM configurations;

[0025] Figure 10 illustrates a normalized energy delay product for novel and

traditional StrongARM configurations for 32 nm CMOS technology;

[0026] Figure 11 illustrates various characteristics for the novel and traditional

StrongARM configurations for 32 nm CMOS technology; and



[0027] Figure 1 is a flowchart of a method for driving a novel StrongARM

configuration.

DETAILED DESCRIPTION

[0028] The following description of the embodiments refers to the

accompanying drawings. The same reference numbers in different drawings identify

the same or similar elements. The following detailed description does not limit the

invention. Instead, the scope of the invention is defined by the appended claims.

[0029] Reference throughout the specification to "one embodiment" or "an

embodiment" means that a particular feature, structure or characteristic described in

connection with an embodiment is included in at least one embodiment of the subject

matter disclosed. Thus, the appearance of the phrases "in one embodiment" or "in

an embodiment" in various places throughout the specification is not necessarily

referring to the same embodiment. Further, the particular features, structures or

characteristics may be combined in any suitable manner in one or more

embodiments.

[0030] In the following, an analysis of the voltage behavior of the traditional

StrongARM latch comparator at each phase is presented. The voltage behavior can

be modeled as charging or discharging capacitors. In the Reset phase, all the

capacitors are recharged to VDD . In the Amplification phase, the capacitors at nodes

B and B' followed by the capacitors at nodes A and A' are partially discharged. In

the Regeneration phase, the capacitors at nodes A and B (or A' and B') are



recharged to VDD , and the other two capacitors are fully discharged. The time

needed for charging and discharging these capacitors determines the speed of this

circuit.

[0031 ] The charging or discharging speed can be modeled by combining

equations (1) and (2). Equation (1) describes the current behavior in a capacitor,

which current is proportional with the change Av in voltage over the time interval ∆ ,

and equation (2) is the first order estimation for an RC circuit:

Av iAt
i = C — Av = —- , and (1)

-At
Av = VD, D 1 — e τ (2)

[0032] By combining equations (1) and (2), the following equation is obtained:

τ = — (3)
ln (l I -At

c -vDD)

[0033] Equation (3) describes the relation between the current I , internal

capacitance C and the total delay τ in a given phase. The speed of the circuit is

proportional to the current I and inversely related to the internal capacitance C. The

current can be improved in the circuit by using larger transistors (i.e., increasing the

width of the transistor). However, this approach will also increase the internal

capacitance in the circuit, hence, the total delay will remain the same. Figure 4

illustrates that the sizing of the transistors for the whole circuit is scaled up by

changing the width of the transistors (1x for case 402, 2x for case 404, and 3x for

case 406, relative to the base size), and the voltage results are compared. All the

cases provided a much similar performance in terms of speed, as anticipated by

equation (3).



[0034] Thus, by simply increasing the size of the components of a traditional

StrongARM configuration would not achieve the desired increased in performance,

better power efficiency and/or using a smaller area, as desired for the wearable

electronics, loT applications and low power applications.

[0035] Therefore, according to an embodiment illustrated in Figure 5 , a novel

StrongARM configuration is proposed, which includes 9 transistors. One advantage

of this design over those illustrated in Figures 1 and 2 is the reduction of the total

internal capacitance in the circuit without compromising the current. This advantage

is achieved by placing/locating the input transistors in the middle, between the cross-

coupled transistors. Because the input transistors are always ON, the need for the

cross-coupled transistors CT3 and CT4 is eliminated and nodes B and B' are

recharged through the input transistors T5 and T6. As a consequence, the speed

and efficiency of the latch are improved, while the clock feedthrough problem is

reduced.

[0036] This embodiment is now discussed in more detail with regard to Figure

5 . The StrongARM latch comparator 500 includes 9 transistors placed differently

than the transistors shown in the configurations illustrated in Figures 1 and 2 . In this

regard, while the input transistors T5 and T6 in the traditional configurations

illustrated in Figures 1 and 2 are "electrically located" (i.e., electrically connected)

between (1) the cross-coupled transistors T3 and T4 and (2) the tail current

transistor T7, the input transistors T5 and T6 in the configuration illustrated in Figure

5 are electrically located between the cross-coupled transistors T 1 and T3 and T2

and T4, respectively. Note that tail current transistor T7 is connected to ground, i.e.,

a ground voltage Vo is applied to one terminal (e.g., source).



[0037] This new configuration has the advantage of reducing the total internal

capacitance in the circuit without compromising the current. Because the input

transistors are always ON, the need for the charging transistors CT3 and CT4 in the

configuration of Figure 2 is eliminated and nodes B and B' are recharged through the

input transistors T5 and T6. As a consequence, the speed and efficiency of the latch

500 are improved, while the clock feedthrough problem is reduced.

[0038] Figure 5 also shows two inverters 11 and I2 connected to nodes A and

A' respectively. Transistors T 1 and T2 and CT1 and CT2 are PMOS (p-type metal-

oxide-semiconductor) transistors and the remaining of the transistors are NMOS (n-

type metal-oxide-semiconductor) transistors. Each of the two inverters 11 and I2 has

a corresponding output node, OUT and OUT'. While the input of the latch

comparator 500 is applied to the gates of transistors T5 and T6, the output is

collected from inverters 11 and I2.

[0039] The latch comparator 500 in Figure 5 indicates the drain and source of

each transistor with symbols D and S, respectively.

[0040] The performance of the new design illustrated in Figure 5 is now

discussed. In this regard, it is noted that the results presented herein for the

StrongARM latch comparator 500 use either 90 nm or 32 nm CMOS technology.

The "CMOS" refers to both a particular style of digital circuitry design and the family

of processes used to implement that circuitry on integrated circuits (chips).

However, it is expected that the results next discussed are also applicable to other

size CMOS transistors.

[0041] Figure 6 shows the voltages for the various phases of a conventional

latch comparator and the novel configuration illustrated in Figure 5 . The voltages for



the conventional latch comparator have a subindex "c" while the voltages for the

novel configuration of Figure 5 have a subindex "n". The voltages in Figure 6 have

been simulated for 90 nm CMOS technology. Three phases are illustrated in Figure

6 , the Reset 600, Amplification 620, and Regeneration 640. The small differential

voltage Vditt applied to the inputs is 1mV.

[0042] The CLK signal is shown being zero for the Reset phase 600 and one

for the Amplification phase 620 and the Regeneration phase 640. The output

voltage Voutn at node OUT and the output voltage Vout'n at node OUT' are shown in

contrast to the Voutc and Vout'c of the conventional latch comparator. The voltages

VAn and VA'n at nodes A and A ' of the novel configuration of Figure 5 are also

plotted in contrast to the VAC and VA' C of the conventional configuration. All these

voltages are plotted in Figure 6 versus the time expressed in picoseconds.

[0043] The new configuration latch comparator exhibits a peak of 2 1%

efficiency improvement, 12% speed improvement and an average of 40% reduction

in the clock feedthrough problem . The common mode voltage VCM has a significant

impact on the performance of the latches. In this regard, Figure 7 shows the Energy

Delay Product (EDP) (curve 700 for the conventional latch comparator and curve

7 10 for the configuration shown in Figure 5) plotted versus the common mode

voltage VCM when Vditt is fixed at 1mV. In general, the EDP performance for the

proposed latch 500 is better compared to the conventional latch. The optimum

performance is achieved when VCM equal to 0.7V and 0.71 V for the conventional and

the proposed latches, respectively.

[0044] The figure also shows that the EDP performance for the new design

500 degrades when VCM is lowered. The performance for both latches at low VCM



are controlled by the active transistors in the Amplification phase. The active

transistors are T5, T6 and T7 for the conventional design of Figure 1 and T3, T4, T5,

T6 and T7 for the proposed design . From equation (3), it follows that the speed of

the latch is proportional to the current, i.e. , Speed o . The speed of the circuit is

improved when all the active transistors are in saturation, and the worst case is

achieved when any transistor is operating in the linear region , i.e. , Isaturation > lunear.

[0045] For the new latch comparator, the voltages at nodes B and B' are

related to V C by the equation ( b - 7 Ο > 7thn, T5 or T6) to insure that the transistor is

operating. Voltage V t n is the threshold voltage to turn on transistor T5 or T6. In

other words, the voltages at nodes B and B' are reduced when VCM is lowered. By

lowering the voltages at nodes B and B' , transistors T3 and T4 are forced to operate

in the liner region, following the condition of operation (7DS < 7GS - 7thn), where VDS is

the drain-to-source voltage and VGS is the gate-to-source voltage. As a result, the

total current passing through the latch is reduced, and thus, its speed is also

reduced. The conventional design, however, is less likely to suffer from this

problem, because the input transistors (T5 and T6) are directly connected to T7.

Following the same analogy, as VCM increases to high values (higher than the

optimum), T5 and T6 enter the linear region. As a consequence, the EDP

performance is also worsened.

[0046] Figure 8 shows the speed 800 and the efficiency 8 10 performance of

both designs using their optimum VCM and varying Vdiff from 10µν to 100mV. The

simulation shows an improved performance for the latch comparator 500, with

improvement level inversely related to the differential voltage. For example, 2 1% ,

14% and 8% speed improvement and 12%, 7% and 3% efficiency improvement are



obtained when the differential voltage is 10µν , 1mV and 100mV, respectively.

Figure 8 also shows the delay 820 for the conventional latch and the delay 830 for

the new latch 500.

[0047] Figure 9 shows the sensitivity 900 for the conventional latch and

sensitivity 9 10 for the new latch 500. The minimum Vditt for the conventional design

is in the range of micro-volts while the minimum Vditt for the new latch 500 is 2µν

when V C ≤ 0.77V. The minimum Vditt is linearly related to the V C for V C > 0.8.

[0048] The performances illustrated in Figures 6-9 were estimated for 90 nm

technology. The same performances for both latches are also simulated in the 32nm

technology. The optimum sizing is achieved by using the minimum possible size as

the base size, and then ratio all the transistors to the base in a way that insures a

smooth current flow. From Figure 10 , it can be seen that the optimum common

mode voltage is around 0.84V for both designs. Figure 10 illustrates the EDP 1000

for the conventional latch and the EDP 10 10 for the latch 500. Figure 11 shows

performance comparisons for the latch 500 and conventional design in terms of

speed 1100 and efficiency 1110 . Figure 11 also shows the delay 1120 for the

conventional latch and the delay 1130 for the latch 500.

[0049] The proposed architecture 500 reduces the power consumption by a

maximum of 2 1%, increases the speed by a maximum of 12% and reduces the clock

feedthrough by an average of 40%. By testing the new architecture in 90nm and

32nm CMOS technologies, the proposed latch is able to deliver superior

performance compared to the conventional ones.

[0050] A method 1200 for driving a StrongARM latch comparator is now

discussed with regard to Figure 12 . The method includes a step 1202 of applying a



drain voltage VDD to first and second PMOS cross-coupled transistors (T1 , T2), a

step 1204 of applying a ground voltage Vo to third and fourth NMOS cross-coupled

transistors (T3, T4), wherein the first PMOS cross-coupled transistor (T1) has a gate

electrically coupled to a gate of the third NMOS cross-coupled transistor (T3) and the

second PMOS cross-coupled transistor (T2) has a gate electrically coupled to a gate

of the fourth NMOS cross-coupled transistor (T4); and a step 1206 of applying a

common mode voltage to a fifth input transistor (T5) and applying the common mode

voltage and a small differential voltage to a sixth input transistor (T6). The fifth input

transistor (T5) is electrically connected between the first PMOS cross-coupled

transistor (T1) and the third NMOS cross-coupled transistor (T3) and the sixth input

transistor (T6) is electrically connected between the second PMOS cross-coupled

transistor (T2) and the fourth NMOS cross-coupled transistor (T4).

[0051 ] In one application, a first charging transistor (CT1) is connected in

parallel to the first cross-coupled transistor (T1 ) and a second charging transistor

(CT2) is connected in parallel to the second cross-coupled transistor (T2).

[0052] The method may also include a step of applying a ground voltage to a

tail current transistor (T7), which is connected to the third and fourth cross-coupled

transistors (T3, T4), outputting a first output voltage VAn from a first inverter (11)

connected to a first node A ; and outputting a second output voltage VA' n from a

second inverter (I2) connected to a second node A'. The method further may include

a step of applying a drain voltage VDD to a drain of the first cross-coupled transistor

(T1 ) , a drain of the first charging transistor (CT1 ) , a drain of the second cross-

coupled transistor (T2), and a drain of the second charging transistor (CT2). In one

application, a source of the first cross-coupled transistor (T1 ) and a drain of the fifth



input transistor (T5) are electrically connected to the first node A, and a source of the

second cross-coupled transistor (T2) and a drain of the sixth input transistor (T6) are

electrically connected to the second node A'. In another application, a source of the

fifth input transistor (T5) is electrically connected to a drain of the third cross-coupled

transistor (T3) and a source of the sixth input transistor (T6) is electrically connected

to a drain of the fourth cross-coupled transistor (T4). In still another application, a

source of the third cross-coupled transistor (T3) and a source of fourth cross-coupled

transistor (T4) are directly connected to a drain of the tail current transistor (T7), and

a source of the tail current transistor (T7) is connected to the ground.

[0053] The method further may include a step of applying a clock signal to a

gate of the first charging transistor (CT1), a gate of the second charging transistor

(CT2) and a gate of the tail current transistor (T7).

[0054] The disclosed embodiments provide a StrongARM configuration and

method having better characteristics than the conventional architectures. It should

be understood that this description is not intended to limit the invention. On the

contrary, the exemplary embodiments are intended to cover alternatives,

modifications and equivalents, which are included in the spirit and scope of the

invention as defined by the appended claims. Further, in the detailed description of

the exemplary embodiments, numerous specific details are set forth in order to

provide a comprehensive understanding of the claimed invention. However, one

skilled in the art would understand that various embodiments may be practiced

without such specific details.

[0055] Although the features and elements of the present exemplary

embodiments are described in the embodiments in particular combinations, each



feature or element can be used alone without the other features and elements of the

embodiments or in various combinations with or without other features and elements

disclosed herein.

[0056] This written description uses examples of the subject matter disclosed

to enable any person skilled in the art to practice the same, including making and

using any devices or systems and performing any incorporated methods. The

patentable scope of the subject matter is defined by the claims, and may include

other examples that occur to those skilled in the art. Such other examples are

intended to be within the scope of the claims.
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WHAT IS CLAIMED IS:

1. A StrongARM latch comparator (500) comprising:

first and second p-type metal-oxide-semiconductor, PMOS, cross-coupled

transistors (T1 , T2);

third and fourth n-type metal-oxide-semiconductor, NMOS, cross-coupled

transistors (T3, T4), wherein the first PMOS cross-coupled transistor (T1) has a gate

electrically coupled to a gate of the third NMOS cross-coupled transistor (T3) and the

second PMOS cross-coupled transistor (T2) has a gate electrically coupled to a gate

of the fourth NMOS cross-coupled transistor (T4); and

fifth and sixth input transistors (T5, T6),

wherein the fifth input transistor (T5) is electrically connected between the first

PMOS cross-coupled transistor (T1) and the third NMOS cross-coupled transistor

(T3), and the sixth input transistor (T6) is electrically connected between the second

PMOS cross-coupled transistor (T2) and the fourth NMOS cross-coupled transistor

(T4).

2 . The latch comparator of Claim 1, further comprising:

a first charging transistor (CT1) connected to the first cross-coupled transistor

(T1) so that their sources are connected to each other and their drains are

connected to each other; and

a second charging transistor (CT2) connected to the second cross-coupled

transistor (T2) so that their sources are connected to each other and their drains are

connected to each other.



3 . The latch comparator of Claim 2 , further comprising :

a tail current transistor (T7) connected to the third and fourth cross-coupled

transistors (T3, T4).

4 . The latch comparator of Claim 3 , further comprising :

a first inverter (11) connected to a first node A ; and

a second inverter (I2) connected to a second node A'.

5 . The latch comparator of Claim 4 , wherein a source of the first cross-

coupled transistor (T1 ), a source of the first charging transistor (CT1 ) , a source of the

second cross-coupled transistor (T2), and a source of the second charging transistor

(CT2) are coupled to a drain voltage Vdd.

6 . The latch comparator of Claim 5 , wherein a drain of the first cross-coupled

transistor (T1 ) and a drain of the fifth input transistor (T5) are electrically connected

to the first node A, and a drain of the second cross-coupled transistor (T2) and a

drain of the sixth input transistor (T6) are electrically connected to the second node

A'.

7 . The latch comparator of Claim 6 , wherein a source of the fifth input

transistor (T5) is electrically connected to a drain of the third cross-coupled transistor

(T3) and a source of the sixth input transistor (T6) is electrically connected to a drain

of the fourth cross-coupled transistor (T4).



8 . The latch comparator of Claim 7 , wherein a source of the third cross-

coupled transistor (T3) and a source of fourth cross-coupled transistor (T4) are

directly connected to a drain of the tail current transistor (T7), and a source of the tail

current transistor (T7) is connected to ground.

9 . The latch comparator of Claim 8 , wherein a gate of the first charging

transistor (CT1 ) , a gate of the second charging transistor (CT2) and a gate of the tail

current transistor (T7) are connected to a same clock signal.

10. A method for driving a StrongARM latch comparator (500), the method

comprising :

applying a voltage VDD to the sources of the first and second PMOS cross-

coupled transistors (T1 , T2) ;

applying a ground voltage Vo to a tail current transistor (T7), wherein third and

fourth NMOS cross-coupled transistors (T3, T4) are connected to the tail current

transistor, and wherein the first PMOS cross-coupled transistor (T1 ) has a gate

electrically coupled to a gate of the third NMOS cross-coupled transistor (T3) and the

second PMOS cross-coupled transistor (T2) has a gate electrically coupled to a gate

of the fourth NMOS cross-coupled transistor (T4) ; and

applying a common mode voltage to a fifth input transistor (T5) and applying

the common mode voltage and a small differential voltage to a sixth input transistor

(T6),



wherein the fifth input transistor (T5) is electrically connected between the first

PMOS cross-coupled transistor (T1) and the third NMOS cross-coupled transistor

(T3), and the sixth input transistor (T6) is electrically connected between the second

PMOS cross-coupled transistor (T2) and the fourth NMOS cross-coupled transistor

(T4).

11. The method of Claim 10 , wherein

a first charging transistor (CT1) is connected to the first cross-coupled

transistor (T1) so that their sources are connected to each other and their drains are

connected to each other; and

a second charging transistor (CT2) is connected to the second cross-coupled

transistor (T2) so that their sources are connected to each other and their drains are

connected to each other.

12. The method of Claim 11, wherein a drain of the tail current transistor (T7)

is connected to a source of each of the third and fourth cross-coupled transistors

(T3, T4).

13. The method of Claim 12, further comprising:

outputting a first output voltage VAn from a first inverter (11) connected to a

first node A ; and

outputting a second output voltage VA' n from a second inverter (I2) connected

to a second node A ' .



14 . The method of Claim 13 , further comprising :

applying a voltage VDD to a source of the first cross-coupled transistor (T1 ) , a

source of the first charging transistor (CT1 ) , a source of the second cross-coupled

transistor (T2), and a source of the second charging transistor (CT2).

15. The method of Claim 14 , wherein a drain of the first cross-coupled

transistor (T1 ) and a drain of the fifth input transistor (T5) are electrically connected

to the first node A, and a drain of the second cross-coupled transistor (T2) and a

drain of the sixth input transistor (T6) are electrically connected to the second node

A'.

16. The method of Claim 15 , wherein a source of the fifth input transistor (T5)

is electrically connected to a drain of the third cross-coupled transistor (T3) and a

source of the sixth input transistor (T6) is electrically connected to a drain of the

fourth cross-coupled transistor (T4).

17. The method of Claim 16 , wherein a source of the third cross-coupled

transistor (T3) and a source of fourth cross-coupled transistor (T4) are directly

connected to a drain of the tail current transistor (T7), and a source of the tail current

transistor (T7) is connected to the ground.

18. The method of Claim 11, further comprising :

applying a clock signal to a gate of the first charging transistor (CT1 ) , a gate

of the second charging transistor (CT2) and a gate of the tail current transistor (T7).



19. A circuit (500) comprising:

first to fourth cross-coupled transistors (T1 , T2, T3, T4), wherein the first

cross-coupled transistor (T1) has a gate electrically coupled to a gate of the third

cross-coupled transistor (T3) and the second cross-coupled transistor (T2) has a

gate electrically coupled to a gate of the fourth cross-coupled transistor (T4); and

fifth and sixth input transistors (T5, T6),

wherein the fifth input transistor (T5) is directly, electrically, connected to the

first cross-coupled transistor (T1) and to the third cross-coupled transistor (T3) and

the sixth input transistor (T6) is directly, electrically, connected to the second cross-

coupled transistor (T2) and the fourth cross-coupled transistor (T4).

20. The circuit of Claim 19 , further comprising:

a first charging transistor (CT1) connected to the first cross-coupled transistor

(T1) so that their sources are connected to each other and their drains are

connected to each other;

a second charging transistor (CT2) connected to the second cross-coupled

transistor (T2) so that their sources are connected to each other and their drains are

connected to each other;

a tail current transistor (T7) connected to the third and fourth cross-coupled

transistors (T3, T4);

a first inverter (11 ) connected to a first node A ; and

a second inverter (I2) connected to a second node A'.
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