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Abstract—This paper presents the simulation results of a
calibration algorithm to compensate for the offset of CMOS
comparators. This calibration scheme is based on the trimming
of a 5-bit capacitor bank connected at each comparator output.
The digital control block was coded in SystemVerilog and an
AMS simulation validated the digital calibration logic using a
double-tail dynamic comparator as a study case. The comparator
was designed in a 180-nm CMOS process and the input offset
voltage was emulated by an unbalanced output capacitance that
generated an offset of 3 mV. The calibration scheme reduced the
offset down to 500 µV.

I. INTRODUCTION

Analog-to-digital converters (ADCs) are key building blocks

in the signal acquisition chain for digital signal process-

ing. Most ADC architectures have at least one comparator

in their circuitry and current low-power ADCs are mainly

based on dynamic comparators in complementary metal-oxide-

semiconductor (CMOS) technology. The most used compara-

tor topologies are: StrongArm, dynamic latched comparator,

double-tail, Lewis-Grey, and differential pair comparator [1].

For high-speed ADCs like the flash ADC the comparators

need to operate at high speed, and they play an important role

in comparing the input signal with the reference voltages. The

comparator has a limited settling time and could present an

offset at its input due to imperfections in the manufacturing

of components and asymmetries in the layout. When using

CMOS technology this error is even greater [2]. To mitigate

this problem, the use of circuits responsible for offset calibra-

tion in CMOS dynamic comparators is an approach adopted

in many ADCs.

There are different calibration techniques to reduce the

offset of CMOS comparators [3]. These techniques can be

based on the control of the comparator output capacitance [4],

on the bulk voltage control of the differential pair transistors

[5], [6], or on the trimming of the differential pair itself [7]. All

of these calibration techniques require a digital logic control

circuit, usually designed with a hardware description language.

To study the aforementioned, this work presents the control

algorithm for offset compensation of CMOS comparators. The

adopted calibration strategy is based on the trimming of the

comparator output capacitance. However, this method causes

a limitation on the comparator speed due to the extra output

capacitance. The algorithm was validated through AMS sim-

ulations and showed a significant reduction of the comparator

input offset.

This work is organized as follows: Section II presents the

calibration strategy, Section III presents the simulation results,

and some conclusions are drawn in Section IV.

II. CALIBRATION STRATEGY

A. Comparator topology

This calibration algorithm is designed to compensate for

the offset of a low-voltage double-tail comparator [8]. This

comparator topology was chosen because it is suitable for low-

voltage applications since it has only three stacked transistors.

The comparator was designed in a 180-nm CMOS process

and will be used in a SAR ADC. The comparator schematic

is shown in Fig. 1.
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Fig. 1. Double-Tail Comparator.

The double-tail comparator has a pre-amplifier stage and a

latch stage. Its working principle is explained as follows: the

input stage is composed of transistors M1−4 and M9. The input



signal is applied at the input pair transistors (M1,2). During

the reset phase (F1), transistors M3−4 are on and the nodes

DI+ and DI− go to VDD, turning on transistors M11−12 and

setting the output nodes at 0 V. During phase F2, the tail

transistors (M9 and M10) turn on and the gate capacitance of

transistors M11−12 drops according to the differential input

signal, creating a small voltage difference between the nodes

DI+ and DI−. This voltage difference is amplified by the

cross-coupled inverters (M11−12) and thus the output nodes

are clamped to VDD and ground.

B. Calibration Approach

The calibration is performed by changing the output capac-

itance of the comparator output nodes [9]. During calibration

the comparator inputs are disconnected from the input signals

and are shorted together while connected to V cm, as shown

in Fig. 2. After the calibration, the comparator inputs are

connected to the input signals.
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Fig. 2. Comparator and control switches.

For calibration, a binary-weighted 5-bit capacitor bank is

connected at each comparator output. These capacitor banks

are represented in Fig. 3 and are controlled by the digital

words sn and sp. The control logic circuit controls the number

of capacitors that are connected at each output node. This

calibration approach can compensate for positive and negative

offsets. After the comparator inputs are shorted, the offset is

estimated by measuring the comparator output state. To avoid

switching due to noise, the comparator offset is estimated by

an N number of comparisons (11 times in this work). After

the offset sign (positive or negative) is estimated, the control

circuit adds a capacitor in the respective output to reduce

the offset magnitude. This procedure is repeated until the

offset sign is changed. When the offset sign is changed the

calibration algorithm stops.

The calibration time is dependent on the comparator input

offset. It is a limitation of this calibration strategy.

C. Logic Control Circuit

The calibration logic circuit was implemented with Sys-

temVerilog and simulated with the ModelSim circuit simula-

tor. After optimization, the final digital circuit algorithm is

composed of a 7-state finite state machine (FSM), which is

represented in Fig. 4.

In the first state, the FSM waits until all conditions are

know, the Reset, Clock and Calon inputs must correspond

to a high logic level. Then, the comparator inputs are shorted
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Fig. 3. Capacitor banks at the comparator outputs.

to start the calibration. The positive comparator output is

applied at the control logic input and is represented as the

Scompp variable. Then, 11 comparisons are performed to

verify the offset magnitude. For this, auxiliary variables va

and vb are used in states S1-S4. The collected data is used in

a logical relation where the result is the capacitance value to be

corrected. If the offset is positive, the variable sn is increased

while sp is kept at zero logic. If the offset is negative, the sp

variable is increased while sn is kept at zero.

Noteworth, if the comparator offset changes the polarity, the

calibration ends. If no offset polarity changes are verified, the

calibration stops when all 5 bits of the capacitor bank are at

high logic level. When the calibration stops, the bit Calok is

set at high logic level indicating that the comparator is ready

for operation.

III. SIMULATION RESULTS

The calibration algorithm was tested to calibrate the offset of

a low-voltage double-tail comparator running at 100 MHz. To

save time and avoid a time-consuming Monte Carlo simulation

to test the digital circuitry functionality, the comparator offset

was emulated. Two different capacitors were connected at the

comparator output to emulate an offset of -3 mV. This offset

was emulated by using one capacitor of 10 fF and the other

with 50 fF, thus creating a 40 fF mismatch at the output

capacitance.

The offset was measured with the ramp method [10]. For

this, one comparator input was set at V cm (VDD/2) while the

other input signal is a slowly variant ramp, from V cm - 100

mV up to V cm + 100 mV. Ideal capacitors and switches are

used in this work. The unitary capacitor is 4 fF.



Fig. 4. State Machine.

An AMS simulation was performed to verify the function-

ality of the calibration circuit. After the comparator inputs to

be set in V cm, the calibration circuit started the search for the

correct sp<4:0> and sn<4:0> signals. The final calibration

signals are sn<4:0>= 00000 and sp<4:0> = 01011. It means

that the extra capacitance added at the comparator output is

11× CU = 44fF, leading to a total capacitance mismatch of

4 fF. After the calibration, the total comparator offset is 500

µV, as shown in Fig. 5.
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Fig. 5. Comparator offset after calibration.

The magnitude of the final offset is related to the unitary

capacitor. Thus, for a lower offset a smaller unitary capacitor

should be used.

IV. CONCLUSIONS

This work presented a calibration scheme for the offset com-

pensation of CMOS comparators. The calibration algorithm

changes the comparator output capacitance to compensate for

mismatch and layout effects. The digital calibration algorithm

was coded in SystemVerilog and its functionality was verified

by an AMS simulation. It was possible to reduce the offset of

a double-tail CMOS comparator from 3.5 mV to 0.5 mV. This

precision is limited by the capacitor bank unitary capacitors.

The drawback of this calibration strategy is the minimum

number of clock cycles required to finish the calibration.
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