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Abstract: In this work, the design and analysis of new Level Shifter with Gate Driver for
Li-lon battery charger is proposed for high speed and low area in 180nm CMOS
technology. The new proposed level shifter is used to raise the voltage level and
significantly reduces transfer delay 1.3ns (transfer delay of conventional level shifter) to
0.15ns with the same input signal. Also, the level shifter with gate driver achieves a
propagation delay of less than 0.25ns and the total area is only 0.05mm2. The proposed
level shifter with gate driver was designed, simulated and layouted in Cadence using TSMC

180nm CMOS technology.
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1 Introduction

S we all know lithium is the lightweight metal and

has a great electrochemical potential that leads Li-
lon batteries to get the higher energy density compared
to other types of rechargeable batteries. Moreover, Li-
lon batteries offer significant advantages including low
maintenance, great cell voltage, high discharge current,
low internal resistance, and long lifespan. Although Ni-
MH batteries and Ni-Cd batteries are among the
rechargeable batteries, Li-lon batteries are the most
widely used and popular rechargeable batteries [1]. In
the battery management integrated circuit, the most
important element is the Li-lon Battery charger that
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ensures the control safely of the charge without
reducing its life [2, 3]. The Li-lon battery chargers can
be divided into two categories: the stand-alone chargers
that are only utilized to charge battery packs and the
embedded chargers are utilized inside the electronic
devices, like smartphones, these embedded chargers
must not only charge the batteries but also power the
system [1]. For example, the integration of the dickson
charge pump in the embedded chargers for
programming on-chip an EEPROM to write a secret key
[4]. It generates an output voltage to power the
EEPROM according to a variable battery voltage
Vbattery of the embedded chargers.

Fig. 1 shows the general architecture of the battery
charger chip, it consists of several blocks: Constant
Current (CC) control, Constant Voltage (CV) control,
Level Shifter (L-S), Gate Driver (G-D), power MQOS,
current sensing circuit, bootstrap circuit and 5V LDO.
In this work we presented the new L-S with G-D that
we proposed to use in the battery charger chip and we
compared our new proposed L-S with conventional L-S
and other works [5-10] that are concerned with the use
of level shifter in different domains and with different
propagation delay that determine the speed of L-S, see
Table 1 (Comparative analysis) in Section 3. Our new
proposed L-S is more developed to raise the voltage
level quickly and in a shorter propagation delay that
equals 0.15ns.

The L-S is an essential circuit in multi-voltage
systems. It is utilized between the input/output circuits
and the central circuits. In literature, many designs for
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Fig. 1 The general architecture of the battery charger chip [1].
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Fig. 2 The architecture of G-D [14].

L-S has been indicated as dual and single supply [11].
The conventional L-S with high and low voltage supply
VDDH, VDDL wusing 10 transistors has been
registered [12]. It has a drawback of delay variation by
dint of various transistors current driving capabilities,
defeat at low supply core voltage VDDL and high
power uptake [13].

Fig. 2 shows the architecture of G-D that consists of a
pull-down and pull-up circuitries. The G-D is attached
to the gate of a power MOS, which supplies power to
the charge by switching actions. The gate capacitances
can be reaching a couple of nF to large power
MOSFETSs. The anti-cross conduction circuit is requisite
in the G-D to impede shoot through the power supply,
from the pull-up circuit to the pull-down circuit, in order
to control such an important gate capacity.

There are two sources of signal delay in the G-D, one
owing to the anti-cross conduction circuit and the other
to the pre-driver circuit. The anti-cross conduction
circuit is too small because the minimum size devices
are also utilized in the shoot-through protection circuit,
and the pre-driver consists of a chain of the
inverter [14]. We utilized in this paper a pre-driver to
find a minimum signal delay by choosing the good
number of gates and their neat size ratios.

We presented this article as the following: in Section 1
an Introduction; in Section 2 a presentation of the
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Fig. 3 Conventional L-S [13].

conventional and the proposed L-S; in Section 3 the
simulation results of the conventional and proposed L-S
with a comparison between them and other works, along
with another simulation results of the new proposed L-S
with G-D; and in Section 4 a conclusion.

2 Level-Shifter

The L-S is utilized to convert low voltage level to
high voltage level or the opposite. Translator circuits
and Bi-directional L-S are utilized to interface between
input-output voltage levels and applications with
different supply voltage. L-S is the decks that convert
from low core voltage to high voltage. There are many
types of L-S like dual supply L-S and single supply L-S.
The single supply L-S allows communication between
modules without adding all extra supply pin; it has an
advantage over the dual supply L-S in terms of the pins
number, obstruction in the global cost of the system and
routing [15].

2.1 Conventional Level-Shifter

Fig. 3 shows conventional L-S. It is a half-lock type
that is made by two PMOS M3, M4 and two NMOS
M1, M2. This device is controlled by low voltage VIN
and its complements. As the VIN passage from low to
high voltage, the M1 will be ON and M2 is OFF, so that
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Fig. 5 Schematic of proposed level shifter under CADENCE software.

the node voltage OUTA is pulled down and the node
voltage OUTB is pulled up, lead to M4: ON and M3:
OFF. Whenever M4 is ON the voltage at OUTB will be
even to VDDP and M3 will be OFF, and the voltage at
OUTA remains discharged. There can be impedance
trouble between the devices. Therefore, pull up and
pull-down network forces must be accurately balanced
and reduced to sustain the required logic levels [16]. It
is troublesome to realize when the level shifting signals
are at a voltage level below the threshold [17].

2.2 New proposed Level-Shifter

The new proposed L-S is shown in Fig. 4, comprises
of four devices in total with capacity C1 and resistance
R1, in which two transistors are NMOS type namely
M1, M4 make leveling upshift and two transistors are
PMOS type namely M2, M3. Falling input signal
couples through C1 to discharge Vg2 node in high-low
transition. When M3 is ON momentarily R1 pulls up
Vg5 and is already OFF when rising input. The
transistor NMOS type namely M1 pulls Vg5 node
down.

Diode connected b/w GNDP and Vg5, Protect Vsg of
transistor NMOS type namely M5 when Vg5 is pulled

Iranian Journal of Electrical and Electronic Engineering, Vol. 15, No. 4, December 2019

low and GNDP node is rising high following VIN.

If we reduce the size of transistor NMOS type namely
M1, It will consequently reduce the current and the
charge, but small M1 may not allow Vg5 node to be
pulled down.

The high out storage charge built across the diode
when Vg5 is low, when out in high-to-Low transition,
the charge needed to be removed to pull Vg5 node up to
BOOT, and that can be a risk of a huge propagation
delay.

Minimum propagation delay is a function of 3 things:
process technology, operating voltage and of course:
circuit design.

The equation of propagation time is:

i:CQ:COXW.Lﬂ Q)
dt dt
and
/’IHCOX W 2
I ZTXT(VQS _V[h) (2)
S0,
479
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Higher VDD with quicker transition time give faster de-
coupling and give also higher speed.

3 Simulation Results

3.1Simulation Result of Proposed Level Shifter and
Conventional Level Shifter

Fig. 5 shows schematic of proposed L-S and Fig. 6
shows schematic of conventional L-S, under
CADENCE software.

Fig. 7 show the waveform than transient analysis of
proposed L-S and conventional L-S.

VDD and VDDP are the supply voltages used in this
circuit. VDD is given as 1.8V and VDDP is given as
5V. The proposed L-S circuit and the conventional L-S
circuit make shifting operation from 1.8V to 5V. The
output of 5V was obtained according to an input pulse
of 1.8V. They are designed using 180nm CMOS
technology under CADENCE software. The stable
output of proposed L-S can be viewed in Fig. 7(a).

We can observe from Figs. 7(b) and 7(c), the transfer
delays of the proposed L-S and the conventional L-S.
The results show that the proposed L-S significantly
reduces transfer delay 1.3ns (transfer delay of
conventional L-S) to 0.15ns with the same input signal.

Table 1 is a comparative analysis between proposed
L-S and other works/references.

3.2Monte Carlo Simulation of Proposed Level
Shifter and Conventional Level Shifter

Monte Carlo simulation is concerned with studying
how the individual devices mismatches of a circuit may
assemble and impact the circuit.

Fig. 8 shows the histogram of the difference in time
delay of the conventional L-S and Fig. 9 shows the
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Fig. 7 Waveforms: a) Transient analysis of proposed level
shifter and conventional level shifter, b) Transfer delays of
proposed level shifter, and c) Transfer delays of conventional
level shifter.
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Table 1 Comparative analysis.

Work/Reference  Technology VDDL [V] VDDH [V] Delay [ns]
This Work 180nm CMOS 1.8 5 0.15
[5] 65nmCMOS 1.2 5 0.61
[6] 180nm CMOS 0.4 3 15.65
[7] 0.35um HV 33 6.7-10 3
[8] 90nmCMOS 0.2 1 10.99
[9] 45nm CMOS 0.7 1.2 12.18
[10] 28nm FDSOI  0.25 1 311
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Fig. 10 Schematic of G-D under CADENCE software.

histogram of the difference in time delay of the
proposed L-S, we can observe from Monte Carlo
simulation the standard deviation of the conventional L-
S for 200 simulations was 105.679ps, while the standard
deviation of the proposed L-S for 200 simulations was
19.3924ps.

3.3 Simulation Result of Proposed Level Shifter With
Gate Driver

Fig. 10 shows a schematic of G-D and Fig. 11 shows a
schematic of the proposed L-S with G-D, under

Iranian Journal of Electrical and Electronic Engineering, Vol. 15, No. 4, December 2019

CADENCE software.

Fig. 12 show the transient analysis of proposed L-S
with G-D that we used in our battery charger chip,
under CADENCE software.

The proposed L-S with G-D makes shifting operation
from 1.8V to 5V. The output of 5V was obtained
according to an input pulse of 1.8V. It is designed using
an 180nm CMOS technology under CADENCE
software. The stable output of proposed L-S with G-D
can be viewed in Fig. 12. For the simulation, the rise
time is approximately 36ps, the fall time is almost 36ps,
and the delay time is round 0.25ns.
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Fig. 12 The transient analysis of proposed L-S with G-D.
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3.4Monte Carlo Simulation of proposed Level
Shifter With Gate Driver

Fig. 13 shows the histogram of the difference in time
delay of the proposed L-S with G-D, we can observe
from Monte Carlo simulation the standard deviation for
200 simulations was 25.9365ps.

3.5 Layout

The layout for the proposed L-S with G-D for Li-lon
battery charger is shown in Fig. 14. All devices or

Fig. 14 Layout of the proposed L-S with G-D.

circuits prone to produce electromagnetic interference
or susceptible to interference are enclosed with double
layer guard rings. The layout is done by respecting
following items; design rules (DRM, MRC and Density)
and designer constraints information (constraint
manager, match Cat, text, etc.). Layout is occupying a
total area of 0.05mm?2.

4 Conclusion

A low cost, low size and high-speed L-S with G-D for
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Li-lon battery charger have been successfully designed
and implemented in TSMC 180 nm CMOS process.
Circuit design, simulation, analysis and layout design
are all included in this study. The proposed L-S
significantly reduces transfer delay 1.3ns (transfer delay
of conventional L-S) to 0.15ns with the same input
signal. The proposed L-S with G-D achieves a
propagation delay of 0.25ns and the total area is only
0.05 mm2.
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