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Abstract

The power consumption of chips has emerged as a major concern with the increased integration of analog circuitry. This work
focuses on a two-stage comparator based on a preamplifier with latch for successive approximation analog-to-digital converter.
In order to minimize power loss and delay time, the charge steering approach was used in the design of latch as well as
preamplifier. The suggested comparator is simulated in SMIC 0.18um process in comparison to the comparator without charge
steering mode. The results reveal that the average power consumption is only around 22uW for varied input voltage at a supply

voltage of 1.2V, which is relatively lowered by approximately 30%. Meanwhile, delay time is also reduced by about 25%.
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The power consumption of chips has emerged as a
major concern with the increased integration of
analog circuitry. This work focuses on a two-stage
comparator based on a preamplifier with latch for
successive  approximation  analog-to-digital
converter. In order to minimize power loss and
delay time, the charge steering approach was used
in the design of latch as well as preamplifier. The
suggested comparator is simulated in SMIC
0.18um process in comparison to the comparator
without charge steering mode. The results reveal
that the average power consumption is only
around 22uW for varied input voltage at a supply
voltage of 1.2V, which is relatively lowered by
approximately 30%. Meanwhile, delay time is also
reduced by about 25%.

Introduction: A wide range of mobile computing devices
and health care applications currently require the use of
successive approximation analog-to-digital converters
(SAR ADC) [1,2]. Low-power designs have developed into
a significant trend due to the growing integration of analog
circuitry. Preamplifier Latch based Comparator is the
primary component of SAR ADC, which play a crucial
function by being able to transform tiny analog signal
voltages into digital signals.

To solve the problem the preamplifier and latch stage's
output node is fully discharged to ground at the conclusion
of the comparison, which use up the majority of the
comparator's power. [3-5]. The paper introduces a charge
steering technique based on the study of the above problem.
Itis not only used for the preamplifier, but also for the latch
by replacing the current sink at the tail with a capacitor at
the charged sink. Compared to the comparator without
charge steering mode, the simulation verification goes to
determine whether the power consumption is improved.

Proposed design: The basic function of a comparator is to
compare two analog input signals and output a binary
signal based on the comparison result. The comparator
consists of three parts: a preamplifier, a latch, and an output
buffer, as shown in Fig. 1. The preamplifier is a circuit used
to amplify the signal in order to drive the load. The latch is
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designed to speed up the output response of the comparison
by using a back-to-back inverter. The main purpose of the
output buffer is to convert the output signal of the latch
circuit into a logic signal.
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Fig.1 The proposed comparator

Firstly, the standard preamplifier [6] is a differential
amplifier with an active load in Fig.1(a). Transistors MP1
and MP2 switch on when the clk drops during the reset
phase, the pre-charging nodes X and Y to the supply
voltage VDD. The capacitor Cp on nodes X and Y start to
discharge until they reach zero during the comparison
phase, when transistors MP1 and MP2 turn off. The
difference between the drop in nodes X and Y is then
transferred to the latch section, depending on the magnitude
of the differential input voltages VIN and VIP. The output
node capacitors (Cp) of the preamplifier are fully charged
to the supply voltage VDD during this operation, and
subsequently they are entirely drained to ground, using
2*Cp*VDD? of energy for each comparison. The tail
current source in this paper's charge steering mode[7]
preamplifier is a partial charge for conversion rather than a
constant current in Fig.1(b). The clock of clkB is high
during the reset phase, capacitor Ct begins to charge, and
transistor MN3 is turned off. The transistor MN3 conducts
as the capacitor Ct begins to discharge while the clock of
clkB is low, raising the voltage Va at node A in the
comparison phase. The gate source voltage of transistors
MN1 and MN2 begin to drop as the Va rises, and this
decrease continues until voltage reaches the first burst point
Vp=min (VIP-Vthnl, VIN-Vthn2). Another transistor
keeps discharging the matching capacitor of Cp, until the
voltage of the second quenching point Vp = max (VIP-Vth1,
VIN-Vth2) is achieved. The threshold voltages of
transistors MN1 and MN2 are Vthnl and Vthn2,
respectively. Voltage Vx/Vy at the X/Y node does not reach
zero at the conclusion of the comparison phase; rather, it
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remains at a specific value. Therefore, energy consumption
is [2Cp*VDD?-VDD*Cp*(Vx+Vy)], which is significantly
lower than the energy consumed by a traditional
differential amplifier.

To fix a problem: The preamplifier enters pre-charge
mode and its differential output begins to crash as soon as
the latch begins to sense [8]. Then, clkB and clk1B are the
corresponding complementary signals to the two master
clocks, clk and clk1, respectively. this clk1 is the post-delay
signal of clk and permits off-chip calibration of the

overlapping cycles when its delay time ranges between 35%

and 60% of the clk cycle's high level. In Fig.1(b), during
the reset phase of latch, clkl is clocked low and transistors
MP3 and MP7 are turned on, charging the nodes of outn
and outp to the supply voltage VDD. Then transistor MN9
is turned off, separating the charge steering module from
the latch section above. At the same time, Cr is also
charged. In the comparison phase, clk is high and
transistors MP3 and MP7 are all off. And transistor MN9 is
on, which combines the charge steering module with the
latch section above. At the same time, Cr is discharging,
increasing the voltage Vc at the potential point C. When
transistors MN5 and MNG6 are on, a differential current
proportional to that between Vx and Vv is generated. The
voltages at nodes outn and outp start to drop, the faster the
node corresponding to the branch with the higher current
drops until it is zero, and then another node is pulled to
VDD. As for the power consumption, the latch achieves
similar results as the preamplifier, which will not be
elaborated here.

Secondly, about the aspect of latency time. The delay of
a conventional latch is composed of two times delays, to
and tiacn. In the proposed latch, due to the capacitive
charging of the load capacitance until the n-channel
transistor (MN5/MNG6) turns on. In this process, the time
needed is called to, which is similar to the conventional
latch. The tiaen is the time taken by a cross-coupled latch to
regenerate output to settled values. Thus, the tiacn is given

by [9].

C AV o C
by =~ 2 In(S o) - ot o VPP g
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C _
bacny = 2 In(VDD VX) [2]
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where Cp is the load capacitance of the latch; gm is the
effective transconductance of the back to back inverters;
AVauo is the initial difference between the output nodes
just after amplification at time to; AVoufina IS the initial
difference between the output nodes after the final of
comparison, Vx is dropout value of output voltage in the
proposed latch, which is very much larger than zero.
Therefore, in the proposed latch, we reduce the delay time,

that has the greatest impact on the total delay of the
comparator.

Simulation results: One comparator without borrowing
charge steering mode, named comparator |. The other
comparator using charge steering mode is named
comparator 1. They are designed in the SMIC 180nm
CMOS process. The supply voltage (VDD) is set to 1.2 V
and the sampling rate is set to 100 MHz, and the designed
circuits are simulated using the software of cadence. Fig.2
depicts the simulated timing waveform of two comparators,
relatively. They are designed at the same square wave
signals for the clk and VIN, VIP equal to 0.6 V and VDD
equal to 1.2 V. As a result of the comparator I, at high
values of the clk, the points of X and Y are very near to
zero. Meanwhile, as a result of comparator |1, at high levels
of clk, the point of X is close to zero, whereas the point of
Y is close to 987 mV for the same high level of clk. In this
way, the previous theory is verified.
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Fig.2 The simulated timing waveform
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Fig.3 The simulation results of delay time

The delay time (Tdelay) and average power consumption
(Pavg) of these comparators are simulated for different
values of common mode voltage (Vcm) and different
values of input common Vin under VVcm equal to 600 mV.
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Fig. 3 () and (b) present the simulation results of delay
time. Obviously, the delay time of comparator Il is at least
25% less than comparator | at different values of Vcm, and
when VVem is 600 mV, the delay time of comparator |1 is at
its minimum. Fig. 4 (a) and (b) present the simulation
results of the Pavg. The Pavg of comparator 1l is stable at
about 22uW regardless of the variation of Vem or Vin, and
is about 30% less than comparator I.
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Fig.4 The simulation results of Pavg
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Fig.5 The layout

Table 1: Performance comparison

[10] [11] [12] This
work
Power 1.2 1.2 12 1.2
supply(V)
Process 0.18 0.13 0.065 0.18
Cum)
Delay 388 239 120 292
time(ps)
Pavg(uw) 109 100 412 22

Finally, Fig. 5 presents the layout of the preamplifier and
latch in the comparator Il, which is designed to be
symmetrically paired. The performance of the comparator
Il designed in this paper is compared with that of similar
comparators in Table 1. As can be seen from the table, in
comparison, although the latency is not the shortest, the
Pavg is much reduced.
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Conclusion: In this paper, a high-speed and low-power-
consumption pre-latch comparator with charge steering
mode for both pre-stage and latch stage circuits is designed.
The simulation results show that the average power
consumption is only around 22uW for varied input voltages
at a supply voltage of 1.2V, which is relatively lower by
approximately 30%, and delay time is also reduced by
about 25%.
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