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A B S T R A C T

This paper proposes a high-voltage floating level shifter with a periodically-refreshed charge pump topology.
Designed and fabricated in a standard 1.8 V/3.3 V CMOS process, the circuit can withstand shifting voltages
from 3 V to 8.5 V with a delay response of 1.8 ns and occupies 0.008mm2. The proposed circuit has been used
in a multi-stage charge pump for programming its voltage conversion ratio. Experimental results show that
the level shifters successfully enable/disable the stages of the charge pump, thus modifying its output voltage
between 5.35 V and 12.4 V for an output current of 3 mA.
1. Introduction

Different from conventional level shifters, in which only the high-
rail level of the input signal is changed [1,2], floating-level shifters
(FLS) slide both the low- and high-rail levels of a digital signal by a
voltage 𝑉𝑆𝑆𝐻 . Hence, if the FLS is driven by a digital signal, IN, com-
prised between ground and 𝑉𝐷𝐷, the circuit generates a voltage-shifted
version, 𝑂𝑈𝑇 , which swings from 𝑉𝑆𝑆𝐻 to 𝑉𝐷𝐷𝐻 = 𝑉𝐷𝐷 +𝑉𝑆𝑆𝐻 . These
circuits are typically used for driving power switches [3], as shown in
Fig. 1, and in charge-pump circuits [4–6]. In these applications, the
shifting voltage 𝑉𝑆𝑆𝐻 of the FLS is usually not static; the output has
to react rapidly to these changes; and the input signal IN is usually
non-periodical.

A High-Voltage (HV) FLS can be implemented using HV CMOS
processes. These processes include devices with thicker gate oxides ca-
pable of handling HV operations. This option usually comes at a higher
cost than a standard low-voltage (LV) CMOS node. Also, integrating a
system’s HV components with previously designed LV circuitry is not
a simple task. One alternative is to combine LV CMOS processes with
innovative circuit solutions to achieve high-voltage-tolerant systems,
although here care must be taken to maintain voltages across devices
terminals below safe limits in all operation modes [7–9]. This is ac-
tually the approach followed in previous charge-pump based floating
level shifters (CP-FLS) [10,11] and active/capacitive coupled floating
level shifters (AC-FLS/CC-FLS) [3,8,12,13]. Simplified schematics for
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these solutions are shown in Fig. 2. The basic CP-FLS in Fig. 2(a) can
be implemented with LV CMOS processes without the need for a high
supply rail. Its output depends on the charge stored in the capacitors
that are refreshed when the input signal IN changes. If the signal is
non-periodic or low in frequency, the leakage currents discharge the
capacitors, and the output logic levels are damped [11]. Also, the
output cannot track voltage supply variations until the input switches.
The HV AC-FLS in Fig. 2(b) uses stacked transistor techniques and
requires additional circuitry for generating biasing voltages. Also, they
cannot handle a wide range of shifting voltages 𝑉𝑆𝑆𝐻 . Finally, the HV
CC-FLS in Fig. 2(c) does not need bias voltages and can be implemented
in LV CMOS processes. However, similar to the HV AC-FLS, it requires
an additional charge pump circuit to generate the high supply rail. In
this work, a HV CP-FLS with periodic charge refreshing is presented.
Its operation is herein demonstrated in a practical application in which
the proposed FLS is used for controlling the Voltage Conversion Ratio
(𝑉 𝐶𝑅) of a multi-stage charge pump circuit fabricated in a standard
1.8 V/3.3 V CMOS process. The paper extends the conference con-
tribution in [14] with new circuit analysis and experimental results.
The paper is organized as follows. Section 2 addresses the design and
operation of the proposed HV CP-FLS. Section 3 shows experimental
results illustrating the operation and performance of the HV CP-FLS
implemented in a multi-stage charge pump. Finally, Section 4 concludes
the paper.
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Fig. 1. Simplified representation of a floating level-shifter working as gate driver.

Fig. 2. Three simplified high-voltage floating level shifter (HV-FLS) topologies:
(a) charge-pump based FLS, (b) actively-coupled FLS, and (c) capacitively-coupled FLS.

2. Proposed floating level shifter

2.1. Principle of operation

Fig. 3(a) shows the proposed HV CP-FLS as well as the four phases
clock generator circuit. The digital signal to be shifted is denoted as IN,
the shifting level is defined by 𝑉𝑆𝑆𝐻 , and 𝑂𝑈𝑇 represents the shifted
output voltage. The signal IN is assumed to be comprised between
ground and 𝑉𝐷𝐷. The circuit consists of three main blocks: (1) a local
FLS (𝐶1,2 and 𝑀1,2), (2) a basic charge-pump (𝐶3,4 and 𝑀3−6), and (3)
a sample-and-hold (S&H) (transmission gates 𝑀7,8 and capacitor 𝐶𝑠).
Complementary clock signals 𝑐𝑙𝑘1 and 𝑐𝑙𝑘2 are in-phase with signals
𝑐𝑙𝑘3 and 𝑐𝑙𝑘4, respectively, with non-overlapping time margins at the
rising and falling edges, as illustrated in Fig. 3(b). The clock signals are
generated by the circuit shown in Fig. 3(a), where 𝑡𝑑 -blocks correspond
to the delays introduced by chains of inverters. This way, the non-
overlapping time margin is equal to 0.5×𝑡𝑑 . The clocks frequency is 𝑓𝑐𝑙𝑘.
The local FLS provides the input voltage, 𝑉3, of the S&H circuit. Signal
𝑉3 is in-phase with 𝑐𝑙𝑘1 if the FLS input, IN, is in high state; otherwise
𝑉3 is in-phase with 𝑐𝑙𝑘2. Accordingly, if IN is HIGH, 𝑉3 ≈ 𝑉𝐷𝐷 + 𝑉𝑆𝑆𝐻
and, otherwise, if IN is LOW, 𝑉3 = 𝑉𝑆𝑆𝐻 . The charge pump generates
two voltage-shifted versions of the clock signals 𝑐𝑙𝑘3 and 𝑐𝑙𝑘4, named
𝑉5 and 𝑉6, that drive the gates of transistors 𝑀7 and 𝑀8, respectively.
Also, it biases the bulk of 𝑀8 and the deep n-wells of DNW-NMOS
transistors. When 𝑐𝑙𝑘3 is HIGH (alt. 𝑐𝑙𝑘4 is LOW), voltage 𝑉3 is sampled
in the output capacitor 𝐶𝑠. Otherwise, if 𝑐𝑙𝑘3 is LOW (alt. 𝑐𝑙𝑘4 is HIGH),
the charge stored in 𝐶𝑠 is held. Note that the non-overlapping margins
between 𝑐𝑙𝑘1 and 𝑐𝑙𝑘3 (similarly between 𝑐𝑙𝑘2 and 𝑐𝑙𝑘4) guarantee that
signal sampling only occurs when 𝑉3 is established.

During the sampling phase, if the IN signal state is LOW (alt. HIGH),
𝐶1 (alt. 𝐶2) stores the voltage level 𝑉𝑆𝑆𝐻 and 𝐶2 (alt. 𝐶1) pumps charge
to 𝐶𝑠. On the other hand, during the holding phase, if the IN state is
LOW (alt. HIGH), 𝐶2 (alt. 𝐶1) stores the voltage level 𝑉𝑆𝑆𝐻 and 𝐶1 (alt.
𝐶2) pumps charge to 𝐶𝑠. Regardless of signal IN level, the capacitor 𝐶3
(alt. 𝐶 ) stores 𝑉 in the hold (alt. sampling) phase and the capacitor
2

4 𝑆𝑆𝐻
𝐶4 (alt. 𝐶3) pumps charge in the hold (alt. sampling) phase. Hence, the
capacitors are refreshed at a 𝑓𝑐𝑙𝑘 rate. This allows to track time-varying
shifting voltages 𝑉𝑆𝑆𝐻 and handle non-periodic input signals IN.

2.2. Circuit sizing

When the input signal IN transitions from LOW to HIGH during the
sampling phase, the output voltage 𝑂𝑈𝑇 (𝑡) of the HV CP-FLS can be
expressed as

𝑂𝑈𝑇 (𝑡) = 𝑉𝑆𝑆𝐻 + 𝑉𝐷𝐷
𝐶1,2

𝐶1,2 + 𝐶𝑠

(

1 − 𝑒−𝑡∕𝜏
)

, (1)

and, when IN switches from HIGH to LOW, as

𝑂𝑈𝑇 (𝑡) = 𝑉𝑆𝑆𝐻 + 𝑉𝐷𝐷
𝐶1,2

𝐶1,2 + 𝐶𝑠

(

𝐶𝑠
𝐶1,2

+ 𝑒−𝑡∕𝜏
)

, (2)

where 𝜏 = 𝑅𝑜𝑛𝐶𝑠(𝐶𝑠∕𝐶1,2+1) is the time constant of the circuit and 𝑅𝑜𝑛
s the equivalent ON resistance of the transmission gates, given by

𝑜𝑛 =
1

𝜇𝑃𝐶 ′
𝑜𝑥

(

𝑊
𝐿

)

8
𝑉𝑜𝑣,8 + 𝜇𝑁𝐶 ′

𝑜𝑥

(

𝑊
𝐿

)

7
𝑉𝑜𝑣,7

, (3)

where 𝑉𝑜𝑣,𝑥 = |𝑉𝐺𝑆,𝑥|− |𝑉𝑇𝐻 | is the overdrive voltage of transistors 𝑀7
and 𝑀8.

The total propagation delay of the level shifter 𝑡𝑑,𝐿𝑆 is given by

𝑡𝑑,𝐿𝑆 = 𝑡𝑑,𝑀𝑈𝐿 + 𝑅𝑜𝑛𝐶𝑠

(

𝐶𝑠
𝐶1,2

+ 1
)

(4)

where 𝑡𝑑,𝑀𝑈𝐿 is the delay introduced by the IN -controlled multiplexers
in Fig. 3(a).

The circuit elements in Fig. 3 have been sized by making 𝜏 <
.125∕𝑓𝑐𝑙𝑘, assuming a clock frequency of 𝑓𝑐𝑙𝑘 = 10MHz and that
1,2 is 3× larger than 𝐶𝑠. With these requirements, the HV-FLS ap-
roximately obtains a 25% settling error in (1)–(2) during a complete
ampling phase, while keeping area and power consumption under
easonable levels for the application described in Section 3. Transistors
nd capacitors sizes are shown in Fig. 3.

Expression (4) only holds if the input signal, IN, changes during
he sampling phase. However, if IN switches in the hold phase, an
dditional delay 𝛥𝐻 ∈ [0, 0.5∕𝑓𝑐𝑙𝑘] is introduced. In charge pumps
pplications, where IN typically switches at low speeds compared to
𝑐𝑙𝑘, this is not a major issue and no extra measure has been adopted.
n other cases where propagation delay aspects are more critical, signal
N should be aligned with positive edges of 𝑐𝑙𝑘1 to suppress the impact
f 𝛥𝐻 .

.3. HV compliance in a LV CMOS process

The circuit was implemented in a standard 1.8 V/3.3 V CMOS
rocess with deep n-well devices available. The transistors in the HV
loating domain of the proposed CP-FLS can withstand voltage dif-
erences up to 3.3 V, but transient peaks during switching can cause
ifferential voltages that exceed the nominal difference between HV
upply rails. Accordingly, in the proposed implementation, the ampli-
ude 𝑉𝐷𝐷 of the digital signal IN is kept below 3 V, while transistors
an nominally withstand voltage differences up to 3.3 V.

The maximum absolute value of 𝑉𝑆𝑆𝐻 is limited by the breakdown
oltage of the parasitic diodes in PMOS and DNW-NMOS transistors
nd by the voltage compliance of MIM capacitors. PSUB-DNW and
SUB-NW junction diodes have breakdown voltages of over 13.5 V in
he selected CMOS process. However, MIM capacitors have a dielectric
ayer with about 30 nm thickness and the probability of breakdown
ncreases with the voltage between their terminals. To withstand higher
oltages, two series MIM capacitors have been used for implementing

at the price of increasing area occupation.
1−4
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Fig. 3. (a) Schematics of the proposed high-voltage floating level shifter and the four phases clock generator. Transistors are 3.3 V devices and their widths are shown in microns,
all lengths are set to 350 nm. All capacitors were implemented as two series-connected MIM structures, and their values are shown in femtofarads. (b) Time diagram of clock
signals showing how switching IN affects voltages 𝑉1 and 𝑉2.
Fig. 4. Signals IN, 𝑂𝑈𝑇 and transmission gate voltages, 𝑉5 and 𝑉6, of the HV-FLS.

.4. Dynamic behavior

A post-layout view of the circuit presented in Section 3 was simu-
ated using the Cadence Virtuoso suite. Fig. 4 illustrates the transient
ehavior of the proposed HV-FLS for 𝑓𝑐𝑙𝑘 = 10MHz, 𝑉𝑆𝑆𝐻 = 3V (top)
nd 𝑉𝑆𝑆𝐻 = 8.5V (bottom). When IN switches from LOW to HIGH, the

output voltage raises to a value lower than 𝑉𝑆𝑆𝐻 +𝑉𝐷𝐷 during the first
ampling period and then continuously approaches 𝑉𝑆𝑆𝐻 +𝑉𝐷𝐷 during
he next periods. This is because the sampling capacitor has no charge
3

Fig. 5. Output response for a time-varying shifting voltage 𝑉𝑆𝑆𝐻 .

when IN is LOW and it cannot be fully charged in the first sampling
phase due to the capacitive divider formed between 𝐶1,2 and 𝐶𝑠, as
stated in (1)–(2).

Fig. 5 shows the circuit’s response to a time-varying 𝑉𝑆𝑆𝐻 signal
without switching the digital input IN. The shifting voltage 𝑉𝑆𝑆𝐻 is
a tone with DC value of 8 V, amplitude of 1 V, and frequency 1 MHz.
Thanks to the charge-refreshing topology, the node 𝑂𝑈𝑇 tracks the
variations in 𝑉𝑆𝑆𝐻 even with no activity at the input IN.

Fig. 6(a) plots the propagation delay and the power consumption
of the FLS obtained for different values of the shifting voltage 𝑉𝑆𝑆𝐻 ,
assuming 𝑓𝑐𝑙𝑘 = 10MHz. The input IN is a clock signal of frequency
𝑓𝑖𝑛 = 1MHz. Note that the delay is to first-order independent of
𝑉𝑆𝑆𝐻 and amounts about 1.81 ns. The power consumption increases
slightly with 𝑉𝑆𝑆𝐻 , due to the higher losses in the parasitics of the MIM
capacitors. Fig. 6(b) shows the power consumption of the FLS circuit
and the non-overlapping clock generator (block not shown in Fig. 3) in
terms of the clock frequency, for an input signal with frequency 𝑓𝑖𝑛 =
1MHz. As expected, the power consumption increases linearly with the
clock frequency. As 𝑓𝑐𝑙𝑘 increases above the input signal frequency 𝑓𝑖𝑛,
the power consumption of the clock generator dominates, in agreement
with other reported solutions [11].



AEUE - International Journal of Electronics and Communications 156 (2022) 154389D. Palomeque-Mangut et al.
Fig. 6. (a) Propagation delay and power consumption (𝑓𝑐𝑙𝑘 = 10 MHz, 𝑓𝑖𝑛 =1 MHz).
(b) Power consumption (𝑉𝑆𝑆𝐻 = 8.5 V and 𝑓𝑖𝑛 = 500 kHz).

Fig. 7. Simplified diagram of the HV multi-stage charge pump with S for
enabling/disabling each stage.

3. Experimental results

3.1. Application of the proposed FLS

The proposed HV-FLS is used as a building block for the voltage
conversion ratio controller of a programmable multi-stage charge pump
circuit. Fig. 7 shows a simplified circuit diagram. The charge pump cells
use a cross-couple topology similar to the proposal in [15]. These cells
also employ the proposed HV-FLS; however, in this case the dimensions
of the level shifters differ from those in the VCR controller because they
have to exhibit smaller settling errors and, hence, larger capacitors 𝐶1−4
are needed (details are available in [14]).

The controller is used for the selection of the charge pump stages
based on the digital control signals 𝑆𝑇1−4. These signals take on DC
levels 0, for disabling the stage, or 𝑉𝐷𝐷, for enabling. A charge pump
stage can only be activated if the previous one is enabled and, therefore,
only four combinations of 𝑆𝑇1−4 values are possible. Hence, if the
number of active stages is 𝑁 = 𝑖, for 𝑖 = 1,… , 4, 𝑆𝑇𝑗 = 𝑉𝐷𝐷, for
𝑗 = 1,… , 𝑖, and 𝑆𝑇𝑗 = 0, otherwise.

The controller is composed of three of the proposed HV-FLS and four
floating buffers for driving the charge pumps with the sliding voltages
𝑆𝑇𝑖,𝐻𝑉 . A single non-overlapping clock generator is shared among all
HV-FLS. The level shifters are arranged in series so that the output
voltage, 𝑆𝑇𝑖,𝐻𝑉 , of the 𝑖th FLS becomes the shifting level value 𝑉𝑆𝑆𝐻
of the 𝑖 + 1-th block. Table 1 shows for all possible combinations of
𝑆𝑇𝑖,𝐻𝑉 , where N is the number of enabled stages and 𝑉𝑝 is the voltage
drop across the charge pump stages

𝑉 = 𝑉 − 𝑅 ⋅ 𝐼 , (5)
4

𝑝 𝐷𝐷 𝐶𝑃 𝐿
Table 1
Voltages 𝑉𝐶𝑃 ,𝑖 and 𝑆𝑇𝑖,𝐻𝑉 , depending on the number of stages enabled, 𝑁 . 𝑉𝑝 is defined
in (5).

N = 1 N = 2 N = 3 N = 4

𝑉𝐶𝑃 ,1 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 𝑉𝑝
𝑉𝐶𝑃 ,2 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝
𝑉𝐶𝑃 ,3 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝 𝑉𝐷𝐷 + 3⋅𝑉𝑝 𝑉𝐷𝐷 + 3⋅𝑉𝑝
𝑉𝑜𝑢𝑡 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝 𝑉𝐷𝐷 + 3⋅𝑉𝑝 𝑉𝐷𝐷 + 4⋅𝑉𝑝
𝑆𝑇1,𝐻𝑉 𝑉𝐷𝐷 𝑉𝐷𝐷 𝑉𝐷𝐷 𝑉𝐷𝐷
𝑆𝑇2,𝐻𝑉 𝑉𝐷𝐷 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 𝑉𝑝
𝑆𝑇3,𝐻𝑉 𝑉𝐷𝐷 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝
𝑆𝑇4,𝐻𝑉 𝑉𝐷𝐷 𝑉𝐷𝐷 + 𝑉𝑝 𝑉𝐷𝐷 + 2⋅𝑉𝑝 𝑉𝐷𝐷 + 3⋅𝑉𝑝

Fig. 8. Microphotograph of the multi-stage charge pump circuit, fabricated in a
standard 0.18 μm CMOS process. The zoom details the stage selection unit which
comprises three HV-FLS cells.

where 𝑉𝐷𝐷 amounts 3 V in this implementation, 𝐼𝐿 is the load current,
and 𝑅𝐶𝑃 is the equivalent resistance of the charge pump stages [16].
This latter depends on internal parameters and operation conditions
and roughly ranges from 166Ω to 8 kΩ in this design.

3.2. Experimental results

Fig. 8 shows a microphotograph of the four-stages charge pump
circuit. The chip has been fabricated in a standard 0.18 μm 1.8 V/3.3 V
CMOS process with deep n-well devices and occupies an active area
of 1.8 mm×1.3 mm. The zoom shows the stage selection circuit of the
charge pump, which occupies roughly 0.03mm2, including the three
HV-FLS of Fig. 7.

Fig. 9 shows the operation of the multi-stage CP and the HV-FLS for
different enabled stages. The input voltage is 3 V, 𝐼𝐿 = 3mA, 𝑅𝐶𝑃 ≈210
𝛺, and 𝑉𝑝 ≈ 2.35V. The HV-FLS clock frequency is 6.25 MHz. Fig. 9(a)
shows the output voltage of the multi-stage charge pump, when the
number of active stages 𝑁 increases from 1 to 4 at 50 μs intervals.
The different voltage levels agree with the values shown in Table 1.
Similarly, Fig. 9(b–d) shows the signals 𝑉𝑆𝑆𝐻 and 𝑂𝑈𝑇 of the HV-FLS
driving the fourth, third, and second CP stages, respectively, for the
same time sequence of activated cells. Again, the level shifters update
their outputs, 𝑆𝑇2−4,𝐻𝑉 , according to the values shown in Table 1.
When N changes, the signals settle after roughly 2 μs. This delay is
essentially dominated by the internal dynamics of the charge pumps,
which are much slower than the HV-FLS blocks.

Fig. 10 shows the response of the HV-FLS to a varying load current.
In this case, N = 4 (all the charge pump cells are enabled), 𝑅𝐶𝑃 ≈210
𝛺, and the load current changes from 0.5 mA to 4 mA within 50 μs.
From top to bottom, the oscilloscope screenshot shows 𝑉𝑜𝑢𝑡, 𝑆𝑇4,𝐻𝑉 ,
𝑆𝑇3,𝐻𝑉 , and 𝑆𝑇2,𝐻𝑉 . The voltage difference between adjacent signals
is always 𝑉𝑝, as discussed in (5) and Table 1. However, 𝑉𝑝, and, hence,
𝑉𝑜𝑢𝑡 varies with the load current. Namely, 𝑉𝑜𝑢𝑡 changes from 13.6 V –
for a load current of 0.5 mA – to 8 V – under a load current of 4 mA
–. Even though the digital input of the floating level shifters 𝑆𝑇
2−4
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Table 2
Performance comparison with previously reported charge-refreshing FLS.

Reference Process 𝑉𝑆𝑆𝐻 Non-periodic
IN signals

Delay (ns) Energy/op (pJ)a Area (mm2)

[17] 0.5 μm HV 95 V No 0.5 2.5b 1.1
[18] 0.18 μm HV 45 V No 1.9b 242b –
[11] 28 nm LV 0.9 V Yes 9 0.8 0.001
[19] 0.18 μm HV 200 V No 0.7b 8.1b –
This work 0.18 μm LV 3-8.5 V Yes 1.8b 2.9 0.008

aEnergy/operation, calculated as power/𝑓𝑐𝑙𝑘.
bSimulation results.
Fig. 9. Experimental measurements on the multi-stage charge pump with 𝑉𝐷𝐷 =3 V,
𝑅𝐶𝑃 ≈210 𝛺, and 𝐼𝐿 = 3 mA. Series-connected stages are successively enabled. (a)
Output voltage of the multi-stage charge pump. (b–d) Level shifting voltage 𝑉𝑆𝑆𝐻 supply
and output voltage of the HV-FLS driving the fourth/third/second charge pump stage,
respectively.

do not change, thanks to the charge-refreshing topology, the HV-FLS
successfully maintain their outputs 𝑆𝑇2−4,𝐻𝑉 at the correct level.

3.3. State-of-the-Art comparison

Table 2 summarizes the performance of the proposed level shifter
and compares it with other charge-refreshing FLS solutions, both in
LV and HV CMOS processes, in the literature. The presented HV-FLS
is, to the best knowledge of the authors, the only solution demon-
strating HV operation in a LV process, intrinsic generation of the
HV high supply rail, tracking of variations in the shifting level, and
handling of non-periodical digital input signals, IN. All the metrics
shown for the proposed solution are obtained experimentally, excepting
the propagation delay which has been estimated from post-layout
simulations.

4. Conclusions

In this paper, we have presented a HV floating level shifter with
periodic charge refreshing. The circuit has five distinctive features: (1)
5

Fig. 10. Transient measurements of the multi-stage charge pump for 𝑉𝐷𝐷 =3 V and
𝑅𝐶𝑃 ≈210 Ω. The load current is a 10 kHz triangular wave from 0.5 mA to 4 mA. All
stages are enabled.

it shifts by 𝑉𝑆𝑆𝐻 , time-varying digital signals IN comprised between
ground and 𝑉𝐷𝐷 rails, (2) it intrinsically sets the high supply rail of
the output signal to 𝑉𝐷𝐷 + 𝑉𝑆𝑆𝐻 , (3) it tracks variations of the shifting
voltage, 𝑉𝑆𝑆𝐻 , (4) it can handle static values for signal IN, and (5) it
allows HV operation with LV CMOS processes.

It has been shown experimentally that 𝑉𝑆𝑆𝐻 can reach up to 8.5 V,
with an energy consumption of 2.9 pJ/op (𝑉𝑆𝑆𝐻 = 8.5 V and 𝑓𝑐𝑙𝑘 =
10 MHz). The propagation delay, estimated by post-layout simulations,
is 1.81 ns. Even though the operation voltage can almost quadrupli-
cate the nominal voltage of the technology, long-term degradation is
mitigated by keeping all voltages across MOS devices’ terminals below
a safe limit. This is done by guaranteeing that PN junctions do not
exceed the breakdown voltage, and by limiting the voltage across MIM
capacitors.

As a functional demonstration of the circuit operation, the proposed
HV FLS has been used as a building block for the voltage conversion
ratio controller of a programmable multi-stage charge pump circuit.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability

No data was used for the research described in the article.

References

[1] Rezaei N, Mirhassani M. An efficient high speed and low power voltage-level
shifter. AEU - Int J Electr Commun 2021;138:153857. http://dx.doi.org/10.1016/
j.aeue.2021.153857.

[2] Wang P, Wang X, You H, Yin J, Zhan Y, Qiao S, Zhou Y. An ultra-low leakage
and small-area level shifter based on super-cut-off mechanism. AEU - Int J Electr
Commun 2022;146:154085. http://dx.doi.org/10.1016/j.aeue.2021.154085.

http://dx.doi.org/10.1016/j.aeue.2021.153857
http://dx.doi.org/10.1016/j.aeue.2021.153857
http://dx.doi.org/10.1016/j.aeue.2021.153857
http://dx.doi.org/10.1016/j.aeue.2021.154085


AEUE - International Journal of Electronics and Communications 156 (2022) 154389D. Palomeque-Mangut et al.
[3] Zhou Z, Rong J, Cao J, Li D, Zhang B, Shi Y. A fully integrated floating
gate driver with adaptive gate drive technique for high-voltage applications.
In: 2018 IEEE 61st International midwest symposium on circuits and systems
(MWSCAS). Windsor, ON, Canada: IEEE; 2018, p. 109–12. http://dx.doi.org/10.
1109/MWSCAS.2018.8624041.

[4] Shen B, Bose S, Johnston ML. A 1.2 V–20 V Closed-Loop Charge Pump for
high dynamic range photodetector array biasing. IEEE Trans Circuits Syst II
2019;66(3):327–31. http://dx.doi.org/10.1109/TCSII.2018.2850341.

[5] Liu C-W, Chen Y-L, Liao P-C, Lin S-P, Wang T-W, Chung M-J, Chen P-H,
Ker M-D, Wu C-Y. An 82.9%-efficiency triple-output battery management unit for
implantable neuron stimulator in 180-nm standard CMOS. IEEE Trans Circuits
Syst II Express Briefs 2019;66(5):788–92. http://dx.doi.org/10.1109/TCSII.2019.
2909813.

[6] Zeng X, Zhang X, Yao L, Xue N. A 15.4V fully-integrated energy-efficient
pulse generator in standard 0.18 𝑀m CMOS. IEEE Trans Circuits Syst II
2021;68(6):1812–6. http://dx.doi.org/10.1109/TCSII.2020.3045013.

[7] Pepin E, Uehlin J, Micheletti D, Perlmutter SI, Rudell JC. A high-voltage
compliant, electrode-invariant neural stimulator front-end in 65nm bulk-CMOS.
In: European solid state circuits conference. Lausanne, Switzerland: IEEE; 2016,
p. 229–32. http://dx.doi.org/10.1109/ESSCIRC.2016.7598284.

[8] Luo Z, Ker M-D. Design of high-voltage-tolerant level shifter in low voltage CMOS
process for neuro stimulator. In: IEEE International new circuits and systems
conference. Vancouver, BC, Canada: IEEE; 2016, p. 1–4. http://dx.doi.org/10.
1109/NEWCAS.2016.7604772.

[9] Uehlin JP, Smith WA, Pamula VR, Pepin EP, Perlmutter S, Sathe V, Rudell JC.
A single-chip bidirectional neural interface with high-voltage stimulation and
adaptive artifact cancellation in standard CMOS. IEEE J Solid-State Circuits
2020;55(7):1749–61. http://dx.doi.org/10.1109/JSSC.2020.2991524.

[10] Hong H-C, Lee G-M. A 65-fj/Conversion-Step 0.9-V 200-kS/s Rail-to-Rail 8-bit
Successive Approximation ADC. IEEE J Solid-State Circuits 2007;42(10):2161–8.
http://dx.doi.org/10.1109/JSSC.2007.905237.

[11] Maeng J, Shim M, Jeong J, Park I, Kim C. A periodically refreshed capacitive
floating level shifter for conditional switching applications. IEEE Trans Power
Electron 2021;36(2):1264–8. http://dx.doi.org/10.1109/TPEL.2020.3006615.
6

[12] Liu D, Dymond HCP, McNeill N, Stark BH. Design of 370-ps delay floating-voltage
level shifters with 30-v/ns power supply slew tolerance. IEEE Trans Circuits Syst
II 2016;63(7):5.

[13] Haas M, Ortmanns M. A floating high-voltage level-shifter with high area
efficiency for biomedical implants. In: Conference on Ph.D. research in mi-
croelectronics and electronics (PRIME). Lisbon, Portugal: IEEE; 2016, p. 1–4.
http://dx.doi.org/10.1109/PRIME.2016.7519451.

[14] Palomeque-Mangut D, Rodríguez-Vázquez Á, Delgado-Restituto M. A wide-range,
high-voltage, floating level shifter with charge refreshing in a standard 180
nm CMOS process. In: IEEE Latin american symposium on circuits and systems
(LASCAS). Santiago, Chile: IEEE; 2022.

[15] Pelliconi R, Iezzi D, Baroni A, Pasotti M, Rolandi P. Power efficient charge
pump in deep submicron standard cmos technology. IEEE J Solid-State Circuits
2003;38(6):1068–71. http://dx.doi.org/10.1109/JSSC.2003.811991.

[16] Pinheiro CA, Olivera F, Petraglia A. A three-stage charge pump with forward
body biasing in 28 Nm UTBB FD-SOI CMOS. In: 2021 IEEE 12th Latin America
symposium on circuits and system (LASCAS). Arequipa, Peru: IEEE; 2021, p. 1–4.
http://dx.doi.org/10.1109/LASCAS51355.2021.9459174.

[17] Liu Z, Cong L, Lee H. Design of on-chip gate drivers with power-efficient high-
speed level shifting and dynamic timing control for high-voltage synchronous
switching power converters. IEEE J Solid-State Circuits 2015;50(6):1463–77.
http://dx.doi.org/10.1109/JSSC.2015.2422075.

[18] Salimath A, Gonano G, Bonizzoni E, Brambilla D, Botti E, Maloberti F. A high-
speed level shifting technique and its application in high-voltage, synchronous
DC-dc converters with quasi-ZVS. In: IEEE International symposium on circuits
and systems (ISCAS). Baltimore, MD, USA: IEEE; 2017, p. 1–4. http://dx.doi.org/
10.1109/ISCAS.2017.8050654.

[19] Nguyen VH, Ly N, Alameh AH, Blaquiere Y, Cowan G. A versatile 200-v
capacitor-coupled level shifter for fully floating multi-MHz gate drivers. IEEE
Trans Circuits Syst II 2021;68(5):1625–9. http://dx.doi.org/10.1109/TCSII.2021.
3066980.

http://dx.doi.org/10.1109/MWSCAS.2018.8624041
http://dx.doi.org/10.1109/MWSCAS.2018.8624041
http://dx.doi.org/10.1109/MWSCAS.2018.8624041
http://dx.doi.org/10.1109/TCSII.2018.2850341
http://dx.doi.org/10.1109/TCSII.2019.2909813
http://dx.doi.org/10.1109/TCSII.2019.2909813
http://dx.doi.org/10.1109/TCSII.2019.2909813
http://dx.doi.org/10.1109/TCSII.2020.3045013
http://dx.doi.org/10.1109/ESSCIRC.2016.7598284
http://dx.doi.org/10.1109/NEWCAS.2016.7604772
http://dx.doi.org/10.1109/NEWCAS.2016.7604772
http://dx.doi.org/10.1109/NEWCAS.2016.7604772
http://dx.doi.org/10.1109/JSSC.2020.2991524
http://dx.doi.org/10.1109/JSSC.2007.905237
http://dx.doi.org/10.1109/TPEL.2020.3006615
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb12
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb12
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb12
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb12
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb12
http://dx.doi.org/10.1109/PRIME.2016.7519451
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://refhub.elsevier.com/S1434-8411(22)00261-8/sb14
http://dx.doi.org/10.1109/JSSC.2003.811991
http://dx.doi.org/10.1109/LASCAS51355.2021.9459174
http://dx.doi.org/10.1109/JSSC.2015.2422075
http://dx.doi.org/10.1109/ISCAS.2017.8050654
http://dx.doi.org/10.1109/ISCAS.2017.8050654
http://dx.doi.org/10.1109/ISCAS.2017.8050654
http://dx.doi.org/10.1109/TCSII.2021.3066980
http://dx.doi.org/10.1109/TCSII.2021.3066980
http://dx.doi.org/10.1109/TCSII.2021.3066980

	A high-voltage floating level shifter for a multi-stage charge-pump in a standard 1.8 V/3.3 V CMOS process
	Introduction
	Proposed floating level shifter
	Principle of operation
	Circuit sizing
	HV compliance in a LV CMOS process
	Dynamic behavior

	Experimental results
	Application of the proposed FLS
	Experimental results
	State-of-the-Art comparison

	Conclusions
	Declaration of competing interest
	Data availability
	References


