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Abstract— in this paper, a CMOS current comparator using 

FVF is presented. The purpose of flipped voltage follower has 

a key element for the comparator input stage. This 

configuration delivers a very low input resistance, which is 

mandatory for current-mode applications. Previous current 

comparators present a high-speed response, in which only 

few are suitable for low-voltage applications. Experimental 

and Simulation results using the complementary MOS 180nm 

technology using cadence tool is presented to demonstrate the 

circuit feasibility. 
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I. INTRODUCTION 

In recent years, the shrinking tendency in complementary 

MOS (CMOS) technology has lead to the use of reduced 

power supplies VDD and VSS in modern processes. From the 

analog perspective, the design of new circuits has become a 

challenging task, since they must operate with narrow 

headroom for analog signals. Therefore, the use of alternative 

techniques, such as bulk-driven, floating-gate, and current-

mode, has become important in order to reduce the voltage 

supply requirements. In this sense, a current-mode 

comparator able to work under low-voltage conditions is 

highly desirable, since these comparators play an important 

role in the development of A/D converters, oscillators, and 

artificial neural networks. 

Previous topologies have been developed in the 

literature with different specifications; however, the 

following three main features are related to the current 

comparator performance. 

 Speed: The comparator must have a small propagation 

delay tp. 

 Input Resistance: The value of Rin should be small in 

order to reduce the error associated with the input current 

source.  

A. Power Consumption 

The bias currents and the used voltage supply must allow a 

reduced dc power consumption. 

The comparator proposed is shown in Fig. 1(a). This 

circuit presents a high-gain loop through the inverter M3–M4, 

which allows lowering the input resistance that is close to Rin 

≈ 1/(gmM1,2). At the same time, this inverter brings a weak 

high/low at the output; thus, a chain of inverters is required 

for the output. Since the input stage works as class B, that is, 

only M1 or M2 will be turned ON, this circuit presents a dead 

band region when voltage VGS or VSG of the input stage is Vo 

− Vin < {VTHN, |VTHP|}, where VTHN and VTHP are the threshold 

voltages of nMOS and pMOS, respectively. In this case, 

neither M1 nor M2 will be turned ON. Consequently, for low 

input currents, the input resistance is very high. The minimum 

voltage requirement is given by the push–pull inverter, 

which, as working as an amplifier, M3–M4 must work in the 

high-gain region. Therefore, VDDmin > VTHN + |VTHP|. 

In order to overcome the drawbacks of Traff’s 

circuit, Tang and Toumazou proposed the comparator shown 

in Fig. 1(b). This approach reduces the deadband region by 

using level shifters M5 and M6. 

In this sense, these both transistors M1 and M2 are 

turned ON allowing class AB behavior and an improvement 

on the input resistance for low currents. The comparator 

presents Rin ≈ 1/(gmM1,2 · A), where A is the inverter M3–M4 

gain, which is affected by connecting the diodes M5–M6. The 

power supply requirement VDDmin is also highly affected by 

this branch M5–M6, where VDDmin = 2VDSsat + 2VGSp,n (VDSsat 

= VGS + VTHN). Moreover, this circuit presents more bias cur-

rents, so, the static power consumption is highly increased. 

Another comparator proposed modifies Traff’s circuit adding 

two extra inverters to the loop gain improving the speed 

performance; nevertheless, the circuit suffers in the same 

dead band region as Traff’s comparator. 

The circuit presented in (Fig. 2) presents a resistive 

feedback network in order to reduce the resistance at node x. 

This condition increases the speed response, though the input 

resistance Rin ≈ 1/gmM2 is increased as compared with Tang’s 

circuit. This circuit could be considered for low-voltage 

applications, since all branches have a minimum supply 

VDDmin = VDSsat + VGS and the push–pull digital inverter M7–

M8 could operate as class B. 

 
Fig. 1: Previous reports on high performance current 

comparators. (a) Traff’s. (b) Tang’s. 

 
Fig. 2: Current Comparator Proposed 

In this paper, a different current comparator 

configuration is presented. The key element is to use a flipped 

voltage follower (FVF) at the input stage in order to achieve 

low input resistance and low-voltage operation. This paper is 

organized as follows. In Section II, the proposed comparator 

is explained in detail. Sections III and IV present the 

simulations and the experimental results, respectively. The 

discussion is presented in Section V. Finally, the conclusion 

is drawn in Section VI. 
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II. PROPOSED CURRENT COMPARATOR 

The proposed comparator is shown in Fig. 3. The input stage 

is achieved using an FVF [7] with an nMOS input. This fact 

allows lowering the voltage supply due to its lower VTHN, and 

a reduced layout area as compared with a pMOS input 

counterpart for the same current capability. This stage allows 

node x to sink large amounts of current through M1. For this 

case, the FVF works as follows. As a positive input current 

goes in at node x, this causes an input voltage increase in Vx. 

This input voltage is further amplified by a common gate 

configuration through M2 and M3 at node y. As Vy increases 

the VGS of M1 and its drain current, this fact lets drain the 

input current by M1 allowing low input resistance. Thus, 

neglecting body effect in M2, the FVF provides a very low 

resistance at node x given by 

 
Fig. 3: Proposed current comparator. 

  (1) 

Where gmM and roM are the common 

representation of ac small signal transconductance and output 

resistance of M MOS, respectively. The FVF presents a 

minimum volt-age requirement of VDDmin = VGS + 

VDSsat. The proposed comparator uses three bias currents 

flowing along matched branches M1–M2 and M4–M5 under 

equilibrium conditions. As the input current Iin is introduced, 

this current is copied to branch M4–M5. Since node z is a 

high impedance node, the current change due to Iin drives a 

voltage change at node z through M5. This voltage Vz is 

further amplified by common source stage M7–M8 and 

finally, in order to get a rail to rail logic output, the push–pull 

inverter M9–M10 is used; this last stage working as class B 

operation mode. The small signal expression for Vo is given 

by 
Vo = AM7−M10(roM6) Iin  (2) 

Where AM7−M10 is the product of voltage gains of 

common source and push–pull stages M7–M10 (Fig. 3). 

III. SIMULATION RESULTS 

Post layout simulations were performed using SPECTRA 

with the CMOS. The design has the electrical parameters and 

dimensions, as shown in Table I; transistors with analog 

signal M1–M6 were considered with a large value of L in 

order to increase its output resistance; transistors M7, M9, 

and M10 used for digital purposes were considered with a 

small value of L. All bias currents were implemented by 

simple pMOS current mirrors. A chain of five digital push–

pull inverters working as a digital buffer were included at the 

output. This extra stage was considered to increase the output 

current capability. The simulated input resistance was 

calculated to a value near Rin ≈ 50ohms. 

 
Table 1: Electrical Properties of the Proposed Comparator 

 
Fig. 4: Transient simulation of the proposed comparator. 

Triangular 

Iin = 1-μA input current. Output voltage Vo and 

voltage at node z. 

A transient simulation with a triangular current input 

with 1 μApp at 1 MHz is shown in Fig. 4. The output buffer is 

supplied with VDD2 = 1.5 V in order to increase its capability 

reducing the propagation delay with capacitive load CL = 1 

pF. As can be noticed, node z voltage fluctuation is further 

amplified for a correct output voltage behavior. 

A transient simulation with a square input current 

with amplitude 100 nApp is shown in Fig. 5. As can be 

noticed, the circuit presents a propagation delay close to 15 

ns for the same load, that is, CL = 1 pF. The circuit presents a 

window hysteresis close to 5 nA, as shown in Fig. 6. The 

accuracy limit is close to this value. 

 
Fig. 5: Transient simulation with a ±100-nA step input 

current Iin. The propagation delay is tp ≈ 15 ns. 

 
Fig. 6: Simulated hysteresis. 
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IV. DISCUSSION 

This paper demonstrates a new configuration of a current 

comparator for low-voltage applications, that is, with a 

minimum voltage supply less than the sum of both CMOS 

threshold voltages. As compared with other simulated 

propos-als in Table II, this circuit offers the lowest input 

resistance, Rin ≈ 50ohms. Nevertheless, the time response 

presented is greater than other circuits. This characteristic 

could be related to the fact that the FVF presents a high 

impedance node y, which brings gain to the loop in order to 

reduce the input resistance and at the same time limits the 

speed performance. This fact leads to a tradeoff between 

speed and input resistance. This comparator offers very low-

power consumption as compared with other low input 

resistance approaches and its power-delay product makes it 

suitable for low-power applications. 

V. CONCLUSION 

In this paper, a novel current comparator based on the FVF is 

presented. The simulations and experimental measurements 

demonstrate the feasibility of the proposed circuit for current-

mode systems under low-voltage and low-power constraints. 
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