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Abstract: Wearable devices require power management systems to achieve high conversion efficiency
over a wide range of load currents. Multi-mode mixed modulation can be used in DCDC converters
to achieve high efficiency over a wide load current range. The DCDC boost converter proposed in
this paper uses a hybrid modulation of DGM (Deep Green Control Mode), PCMC (Peak current
mode control)-PFM (Pulse Frequency Modulation) and PCMC-PWM (Pulse Width Modulation). The
converter switches smoothly from PCMC-PFM to PCMC-PWM mode under load-current-based con-
ditions and without any mode selection module. The proposed DCDC boost converter is fabricated
in a 0.18 µm CMOS process with a Die area of 1.24 × 0.78 µm2. The input voltage range is 0.8–5 V,
the output voltage is 5 V, and the load current range is 5–300 mA. Experimental results show that the
boost converter can achieve 94.7% peak efficiency. Efficiency of more than 90% can be achieved in the
load current range of 30–300 mA.

Keywords: boost converter; hybrid modulated; wearable devices; DGM; PCMC-PFM; PCMC-PWM;
efficiency

1. Introduction

The expected growth of wearable IoT devices in 2026 is shown in [1] to be approx-
imately USD 110.8 billion and the industry is growing at a CAGR(Compound Annual
Growth Rate) of 13.6%. Figure 1 [2] shows that there are three main categories of existing
wearable products: accessories, e-textiles, and e-patches. Wearable devices have gained
much attention for their unique connectivity characteristics [3], excellent data accuracy,
and data efficiency [4]. Wearable devices also face many challenges, among which battery
power supply efficiency and energy consumption are a concern [2,3].
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Figure 1. Main categories of existing wearable products.

Numerous types of batteries are used in wearable electronic devices, ranging from
the early primary batteries represented by lithium batteries [5], and to the most widely
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used secondary batteries today. The most recent cutting-edge research is the use of energy
harvesting for autonomous power supply [2,6]. For example, the collection and use of
mechanical, thermal, and solar energy proposed in [7,8] provides new research directions.
A well-performing power management unit (PMU) will be the key module to improve the
battery efficiency of wearable electronic devices for any energy supply method. Wearable
electronic devices require PMU modules with high efficiency, wide input voltage range,
and load current range to adapt to different operating scenarios [9], which is the same as
typical IoT devices. For example, the current consumption in sensing mode is a few uA to
tens of uA [10,11], the microprocessor is tens of mA [12,13], and the wireless link can be up
to hundreds of mA [14,15]. The quiescent current of the device in sleep mode should also
be reduced as much as possible to improve the overall efficiency [9,16,17].

Today there are two main categories of switching power supplies: capacitor-based [18,19]
and inductor-based. Capacitor-based switching power supplies can only provide output
voltages with discrete voltage ratios to the system [20], making them unsuitable for wearable
electronics. On the contrary, inductor-based switching power supplies, especially DCDC boost
converters, have consistent output voltage. It is necessary for battery-powered systems, or as a
conversion interface for energy harvesting systems [21], to provide stable and reliable voltages
to devices. Therefore, inductor-based switching power supplies are gradually becoming the
preferred choice for wearable devices. The main control methods of DCDC boost converter are
PWM mode, PFM mode, and PWM-PFM hybrid mode. PWM mode boost converter output
voltage ripple is small and has a fast conversion speed, PFM mode has higher efficiency
compared to PWM mode at light load, PWM-PFM mode combines the advantages of both
but the circuit structure is complex and it is difficult to achieve smooth switching between the
two modes. For devices in sleep mode for a long time, quiescent current loss severely affects
the system efficiency [22,23]. To address this problem [9], a Deep Green Control Mode (DGM)
with very low quiescent current is proposed which can significantly improve the system
efficiency in ultra-light load or sleep mode. However, this method has only been successfully
applied in buck converters and smooth switching between PWM-PFM modes is not taken
into account.

The DCDC boost converter proposed in this paper uses a hybrid modulation technique
of DGM-PFM-PWM automatic switching. The DGM mode will be used under ultra-light
load conditions, which will reduce switching losses and quiescent current. The peak
current-PFM control mode (PCMC-PFM) is used under light load conditions, during which
the internal clock can generate a clock oscillation signal that is positively correlated with
the load current, reducing switching losses while ensuring a high response rate and a small
output voltage ripple. The peak current-PWM control mode (PCMC-PWM) with constant
clock frequency is used to achieve high output efficiency under heavy load conditions.
The internal VCO unit of the boost converter not only provides a reliable clock oscillation
frequency for the boost converter, but also enables a smooth transition from PFM to
PWM mode depending on the load current without adding an additional mode switching
control unit.

The rest of this paper is organized as follows: in Section 2, the system-level architecture
of the proposed DGM-PFM-PWM hybrid modulated DCDC boost converter is introduced,
with emphasis on the DGM mode, the PFM operation mode, and the smooth transition
from the PFM mode to the PWM mode. Section 3 presents the circuit implementation of
the key modules and the simulation results they can achieve. The experimental results of
the proposed DCDC boost converter will be given in Section 4. The conclusions will be
discussed in Section 5.

2. Proposed DGM-PFM-PWM Hybrid Modulated DCDC Boost Converter

In order to achieve high efficiency over a wide load range this paper proposes a
DGM-PFM-PWM hybrid modulated DCDC boost converter. The proposed system-level
architecture of the boost converter and the DGM control method at ultra-light load will
be introduced in Section 2.1. The PCMC-PFM control mode at light load is introduced in
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Section 2.2. A novel technique for smooth switching from PCMC-PFM mode to PCMC-
PWM is introduced in Section 2.3.

2.1. System Structure and DGM Operation Mode

The system-level architecture of the proposed boost converter is shown in Figure 2.
The system mainly consists of power stages (N-MOS, P-MOS, and Gate Driver), reference
voltage generation circuits (Bandgap), feedback circuits (R f 1, R f 2, and peak current de-
tector), and control circuits, including DGM comparator (DGM-CMP), error comparator
(EA) with high level clamp (H-clamp) and low level clamp (L-clamp), PWM comparator,
PFM amplifier, VCO, pulse generation unit, slope compensation, digital logic control unit
(Logic), and other modules. The system is controlled by a mixture of DGM, PCMC-PFM,
and PCMC-PWM modes. In addition, the system also uses a dual-loop control combin-
ing voltage outer-loop and peak current inner-loop to enhance the response speed of
the converter.

Figure 2. The system-level architecture of the proposed boost converter.

The magnitude of the load current directly determines the operating mode of the
boost converter. The parasitic resistance RESR carried by this capacitor has a definite value
when the off-chip CO is fixed. The voltage VOUT obtained from the load is fed into the error
comparator via feedback and compared with the reference voltageVre f 2 to obtain the VEA
as shown in (1).

VEA = AEA

[
Vre f 2 −

R f 2

R f 1 + R f 2
(VCO − RESR Iload)

]
(1)

In Equation (1), VEA is the amplification of the error amplifier, R f 1 and R f 2 are the
feedback resistors, VCO is the voltage obtained on the output capacitor CO, and Iload is the
load current. The derivation of (1) yields (2).

∂VEA
∂Iload

= AEA
R f 2 × RESR

R f 1 + R f 2
> 0 (2)

Equation (2) shows that VEA is positively correlated with Iload, which means that VEA
increases (decreases) with the increase (decrease) in Iload. The effect of the clamp circuit
makes VEA ∈

[
VLre f , VHre f

]
, where VLre f and VHre f are the reference voltages input to the
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clamp circuit. The operating mode of the system will be closely related to the relationship
between VEA and Iload.

The system operates in DGM control mode when the boost converter has an ultra-
low load current. From (3), it is clear that VFB has relatively high value in this mode.
The L-clamp contains a Schmitt trigger structure. In DGM mode, VFB is compared with
Vre f 1 by EA to obtain a lower output VEA, and the Schmitt trigger will be triggered when
VEA = VLre f and the output VL−clamp is high.

VFB =
R f 1

R f 1 + R f 2
× (VCO − IloadRESR) (3)

At the same time the output voltage of DGM-CMP VDGM-CMP is low. VL−clamp and
VDGM-CMP obtain VRS−lat−1 with a high level under the action of RS trigger (RS-latch-1),
which will control PWM comparator and PFM comparator to stop operation and make the
converter enter the ideal phase in DGM mode to improve system efficiency. The logical
relationship between VL−clamp, VDGM−CMP, and VRS−lat−1 is shown in Figure 3a. VRS−lat−1
is also fed to the digital logic control unit to obtain the control signal which is used to turn
off the N-MOS and P-MOS to reduce the switching losses of the system, and the VOUT will
be in a continuous state of reduction during this phase. VRS−lat−1 is low when VFB < Vre f 2,
while PWM, PFM, N-MOS, and P-MOS resume normal operation, and the output voltage
VOUT continues to rise until VFB > Vre f 2. After that, the system will start a new cycle of
DGM control mode. During the DGM and PCMC-PFM control the P-MOS will have a long
on time which results in VSW ≤ VOUT . This will result in a backflow of current from VOUT
to VIN , causing a large power loss.

A ZCD detector circuit is added to further improve the efficiency during the DGM and
PCMC-PFM control modes. When VSW ≤ VOUT , the ZCD detector circuit generates VZCD
with high level, which is used to turn off the P-MOS by the Logic. The correspondence
between VOUT , VRS−lat−1,VZCD, the driving signal VGD−N−MOS of MN and the driving
signal VGD−P−MOS of MP is shown in Figure 3b.

Figure 3. Main control signal timing logic. (a) The logical relationship between VL−clamp,
VDGM−CMP and VRS−lat−1. (b) The correspondence between VOUT ,VRS−lat−1, VZCD, VGD−N−MOS,
and VGD−P−MOS.

2.2. PCMC-PFM control mode

When the boost converter enters PCMC-PFM or PCMC-PWM control mode, the
PWM comparator and PFM amplifier will be in continuous operation. From (2), it can be
seen that VEA is positively related to Iload. PCMC-PFM operation mode will directly use
this relationship to regulate the operating frequency of the system. The input reference
voltage Vre f 3 of the PFM amplifier is deterministic and VL−clamp < Vre f 3 < VH−clamp. When
VL−clamp < VEA < Vre f 3 , the output VPFM of the PFM amplifier will decrease with the
increase in load current. VPFM is fed to the voltage-controlled oscillation unit VCO, which
will generate an oscillation signal Vf−VCO with an oscillation frequency negatively related
to VPFM, and it can be seen that the oscillation frequency of Vf−VCO increases with the
increase in Iload in the PCMC-PFM control mode. The narrow pulse signal VPLUSE with
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the same frequency as Vf−VCO is obtained after feeding Vf−VCO into the PLUSE. The
correspondence between Iload, VEA, VPFM, Vf−VCO, and VPLUSE in PCMC-PFM mode is
shown in Figure 4a. The compensated peak current information Isense is converted into
the feedback signal Vsense of the current inner loop. Vsense and VEA are compared by PWM
module to generate pulse signal VP−PWM. The VRS−lat−2 is fed to the Logic to obtain control
signals to control the drive circuit to generate the corresponding drive signals VGD−N−MOS
and VGD−P−MOS. Figure 4b shows the logical relationships between VP−PWM, VPLUSE,
VRS−lat−2, VGD−N−MOS, and VGD−P−MOS.

Figure 4. Main signal timing relationship in PFM mode. (a) Correspondence between Iload, VEA,
VPFM, Vf−VCO, and VPLUSE in PCMC-PFM mode. (b) The logical relationships between VP−PWM,
VPLUSE, VRS−lat−2, VGD−N−MOS, and VGD−P−MOS.

2.3. Smooth switching from PCMC-PFM mode to PCMC-PWM mode

When VL−clamp < VEA < Vre f 3, the system operates in PCMC-PFM mode and the
oscillation frequency of the system increases with the increase in Iload. The output of the
PFM amplifierVPFM < VN−th , where VN−th is the threshold voltage of the control MOS
equipment in the VCO module. At this time, the oscillation signal Vf−VCO oscillation
frequency generated by VCO reaches saturation and no longer follows VEA and Iload
changes, the system automatically smoothly enters the PCMC-PWM control mode with
constant frequency. Figure 5 shows the correspondence curves between VEA, VPFM, and
VPLUSE when the system is smoothly switched from PCMC-PFM mode to PCMC-PWM
mode. It can be seen that the system is completely self-regulated by Iload during this phase
of mode switching without adding any mode switching module which greatly reduces the
complexity of the system design.
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Figure 5. The correspondence curves between VEA, VPFM and VPLUSE when the system is smoothly
switched from PCMC-PFM mode to PCMC-PWM mode.

3. Implementation of Key Circuits

The error amplifier structure with H-clamp and L-clamp is introduced in Section 3.1.
Section 3.2 introduces the oscillation unit consisting of PFM, VCO, and Pluse generator.

3.1. EA with H-Clamp and L-Clamp

Figure 6 shows the structure of the error amplifier containing H-clamp and L-clamp.
where the main structure of the error amplifier EA is a symmetrical OTA structure. The
gain of this amplifier is shown in (4), where gm1 is the equivalent transconductance of
M1. Rn4 is the output resistance of node 4, and B is the current factor in the amplifier [24].
From [25] it is known that the DCDC boost converter has a right half-plane zero as shown
in (5) (D is the on–off duty cycle of MN in Figure 1) it can cause system instability and
requires the inclusion of a compensation circuit. The proposed boost converter system will
incorporate a compensation structure in the error amplifier as shown in Figure 6.

AV = gM1BRn4 = gM1
WM5/LM5

WM3/LM3
Rn4 (4)

fZRHP =
VOUT(1 − D)2

2π IloadL
(5)

VEA is closely related to the ripple size of the output voltage VOUT of the boost
converter. VEA needs to be limited otherwise too high VEA will directly lead to high ripple
in VOUT . The size of VEA also directly affects the operating mode of the boost converter.
The clamp circuit shown in Figure 6 is added to the error amplifier so that the output
VEA ∈

[
VLre f , VHre f

]
. When VEA = VLre f , the Schmitt trigger flip-flop output VL−clamp

in L-clamp is high to control the boost converter into DGM mode. The simulation result
of the frequency response of the error amplifier shown in Figure 7a shows that the DC
amplification gain of the error amplifier is 69.88 dB. The phase margin is 78°. The bandwidth
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is 2.348 MHz. The simulation results of VEA for the boost converter at different load currents
are shown in Figure 7b. When Iload gradually increases, it will produce a decrease in VOUT
and eventually lead to an increase in the stable value of VEA which is consistent with the
theoretical derivation.

Figure 6. The structure of the error amplifier containing H-clamp and L-clamp.

t/ms

Figure 7. The simulation results of EA. (a) The frequency response of EA. (b) The correspondence of
Iload, VOUT , and VEA.

3.2. Oscillation Unit

Figure 8 shows the structure of the oscillation unit composed of PFM amplifier, VCO,
and PLUSE. This is where VLre f < Vre f 3 < VHre f , and Vre f 3 is a fixed value to ensure M3
works in the saturation zone. The Vre f 3 with a high level during the ideal phase of the
DGM mode can be used to turn off the oscillator unit to reduce the switching losses of the
boost converter, where V̄RS−lat−1 is the inverse signal of VRS−lat−1. To increase the gain
of the PFM amplifier a diode connected M7 is connected at the output. WM8/LM8 = 1 in
the VCO structure, so M8 has a high threshold voltage Vth−M8. The output VPFM of the
PFM amplifier when VLre f < VEA < Vre f 3 is shown in (6). At this point, it is guaranteed
that VPFM > Vth−M8 and M8 operates in the saturation region with an operating current as
shown in (7).

VPFM = gM3
1

gM7
(Vre f 3 −VEA) (6)

IDS−M8 =
1
2

µnCOX
WM8

LM8
(VPFM −Vth−M8)

2 (7)
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The current flowing through M11 charges the capacitor CVCO to obtain a gradually
increasing Vf−VCO. When Vf−VCO > Vre f 4, VCMP−1 will change from low to high, this
voltage is acted upon by the PLUSE to generate a high potential pulse VP−M12 and a low
potential pulse VPLUSE, where M12 conducts under the action of VP−M12 causing CVCO to
discharge. To ensure that CVCO is fully discharged the pulse width of VP−M12 cannot be too
small, and the pulse width can be adjusted by adjusting the resistor RPLUSE and capacitor
CPLUSE in PLUSE. After the discharge is completed, there will be Vf−VCO = 0, then VP−M12
goes low and CVCO starts charging again cyclically to generate a sawtooth oscillation signal.
The frequency fVCO of Vf−VCO is shown in (8a) When Vre f 3 < VEA, VPFM < Vth−M8, M8 is
turned off and the fVCO is a fixed value as shown in (8b). The simulation results are shown
in Figure 9.

fVCO =


NIbiase−IDS−M8

CVre f 4
(VLre f < VEA < Vre f 3) (8a)

NIbiase
CVre f 4

(Vre f 3 < VEA < VHre f ) (8b)
(8)

Figure 8. The structure of the oscillation unit composed of PFM amplifier, VCO, and Pluse generator.

t /10us

Figure 9. The simulation results of VEA, V( f−VCO),V(CMP−1),V(P−M12), and VPLUSE.
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4. Measurement Results

The chip is fabricated by using 0.18 µm CMOS process and the area of the chip is
1240 µm × 780 µm as shown in Figure 10a. A 2.2 µH off-chip inductor and a 2.2 µF off-chip
capacitor are used by this boost converter as shown in Figure 10b.

Figure 11a,b show test results of VOUT , VSW and ISW in DGM operating mode of the
proposed DCDC Boost converter. The load currents in Figure 11a,b are 5 mA and 20 mA,
respectively. The boost converter operates in DGM mode under both load conditions. In
this mode, a complete DGM cycle consists of two stages: the first stage is the inductor
continuously charging and discharging for two switching cycles, at which the output
voltage shows an overall rising trend; the other stage is the inductor current continues to be
zero and enters the ideal stage in the DGM mode, at which the output voltage continues to
decrease until the arrival of the next DGM cycle. The period of DGM is 14.9 µs with 5 mA
load current and 2.3 µs with 20 mA.

Figure 10. Microphotograph and Measurement board of the proposed DCDC Boost converter.
(a) Microphotograph of the proposed DCDC Boost converter. (b) Measurement board of the proposed
DCDC Boost converter.

Figure 11. Test results of VOUT , VSW , ISW in DGM operating mode of the proposed DCDC Boost
converter. (a) When the Iload is 5 mA. (b) When the Iload is 20 mA.

Figure 12a,b show test results of VOUT , VSW , and ISW in PCMC-PFM operating mode
of the proposed DCDC Boost converter. The load currents in Figure 12a,b are 50 mA and
100 mA, respectively, and the boost converter operates in PCMC-PFM mode for both load
conditions. It has a continuous switching frequency of 479 K Hz at 50 mA load current and
799 K Hz at 100 mA. Figure 13a,b show test results of VOUT , VSW and ISW in PCMC-PWM
operating mode of the proposed DCDC Boost converter. The load currents in Figure 13a,b
are 200 mA and 250 mA, respectively. The boost converters in both load conditions operate
in PWM mode with a fixed and continuous switching frequency of 1.45 M Hz.
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Figure 12. Test results of VOUT , VSW , ISW in PCMC-PFM operating mode of the proposed DCDC
Boost converter. (a) When the Iload is 50 mA. (b) When the Iload is 100 mA.

Figure 14a–d show the results of the load conversion response test results of the boost
converter. In Figure 14a, the load is switched from 10 mA to 50 mA and the converter is
switched from DGM mode to PFM mode with a response time of 30.3 µs. The switching
within the PFM mode is shown in Figure 14b, where the load is switched from 50 mA to
100 mA with a response time of 28.1 µs. The test results shown in Figure 14c,d are for
switching from PFM mode to PWM mode. In Figure 14c, the load current is switched
from 100 mA to 200 mA with a response time of 18.5 µs. In Figure 14d, the load current is
switched from 50 mA to 250 mA with a response time of 40.8 µs.

Figure 13. Test results of VOUT , VSW , ISW in PCMC-PWM operating mode of the proposed DCDC
Boost converter. (a) When the Iload is 200 mA. (b) When the Iload is 250 mA.

Figure 15 shows the efficiency of the boost converter for different load currents at
an input voltage of 3.6 V. A peak efficiency of 94.7% can be achieved at a load current of
198 mA, and the efficiency is greater than 90% for Iload ∈ [30 mA, 300 mA].



Electronics 2022, 11, 3418 11 of 14

Figure 14. The test results of the load conversion response. (a) The load is switched from 10 mA to
50 mA. (b) The load is switched from 50 mA to 100 mA. (c) The load is switched from 100 mA to
200 mA. (d) The load is switched from 50 mA to 250 mA.

The proposed boost converter allows a maximum load current of 50 mA at an input
voltage of 0.8 V. With this input voltage, the boost converter cannot operate properly when
the load current is greater than 50 mA. Therefore, the linear and load regulation analysis of
the proposed boost converter should be divided into two cases. The two cases for linear
regulation rate analysis are: the load current is 50 mA and the load current is the maximum
load current of the system which is 300 mA. Figure 16a,b shows the test results of output
voltage variation with input voltage for load currents of 50 mA and 300 mA, respectively.
Figure 16a shows an output voltage of 4.75 V at an input voltage of 0.8 V and an output
voltage of 5.00 V at an input voltage of 5 V; Figure 16b shows an output voltage of 4.84 V at
an input voltage of 2.4 V and 4.99 V at an input voltage of 5 V. Then, the linear adjustment
rate of the boost converter is 0.238%/V for a load current of 50 mA and 1.156%/V for a
load current of 300 mA from (9).

line− reg = 100
∆Vout/Vout

∆Vin
(%/V) (9)

The two cases for load regulation rate analysis are 0.8 V and 3.6 V for the input voltage.
Figure 17a,b shows the test results of output voltage variation with load current when
the input voltage is 0.8 V and 3.6 V, respectively. Figure 17a shows an output voltage of
4.99 V at a load current of 0 and 4.75 V at a load current of 50 mA; Figure 17b shows an
output voltage of 5.00 V at a load current of 0 and 4.86 V at a load current of 300 mA. The
load regulation of the boost converter is 0.096%/mA for an input voltage of 0.8 V and
9.33× 10−3%/mA for an input voltage of 3.6 V from (10).

load− reg = 100
∆Vout/Vout

∆Iload
(%/V) (10)

Table 1 shows the performance comparison of the proposed DGM/PCMC-PFM/PCMC-
PWM hybrid modulation mode boost converter compared with the hybrid modulation
converter proposed in the published works. The proposed boost converter in this paper
can achieve a higher efficiency of 94.7% for the same process with similar Die Area. The
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proposed boost converter in this paper has a larger input voltage range of 0.8–5 V and a
larger load current range of 5–300 mA.

Figure 15. The efficiency of the proposed boost converter.

Figure 16. The test results of output voltage variation with input voltage when the load currents is
identified. (a) The load current is 50 mA. (b)The load current is 300 mA.

Figure 17. The the test results of output voltage variation with load current when the input voltage
is identified. (a) The input voltage is 0.8 V. (b) The input voltage is 3.6 V.
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Table 1. Performance comparison with prior works.

[26] [27] [16] [9] [28] This Work

Technology (um) 0.18 0.13 0.18 0.18 0.18 0.18

Switching freq.
(MHz) 1.65 2.5 7.4 4 1.7 1.65

Input Voltage (V) 0.55–1 2.2–3.3 2.0–3.3 2.7–4.7 2.2–5.0 0.8–5.0

Onput Voltage
(V) 0.35–0.5 1.7 1.2 1.6 1.8 5.0

Mode PWM/PFM/
AM 1

PWM/PFM/
SSCG 2

MSPWM 3/
PFM/PWM

PWM/PFM/DGM On–time–based
PCMC–

PFM/PCMC–
PWM/DGM

Load current
(mA) 0.1–20 0.01–20 200 0.001–100 0.2–100 5–300

Peak efficiency
(%) 92 92.4 91 92.1 94 94.7

Die Area (mm2) 1.2 × 1.2 0.82 × 0.8 0.97 × 0.88 1.0 × 0.55 1.35 × 1.2 1.24 × 0.78
Inductor (uH) 4.7 3.0 1 4.7 4.7 2.2

Capacitor (uF) – 3.0 2.2 4.7 1 20

1 AM: Asynchronous mode. 2 SSCG: Retention Compensated. 3 MSPWM: Multiple-sawtooth PWM.

5. Conclusions

This paper introduces a DCDC boost converter for wearable devices. A hybrid
DGM/PCMC-PFM/PCMC-PWM modulation technique is used to achieve high conver-
sion efficiency over a wide load range. Frequency modulation in PCMC-PFM mode is
implemented under load current-based conditions. Smooth switching from PCMC-PFM to
PCMC-PWM mode without adding any additional control module. The boost converter is
fabricated in a 0.18 µm CMOS process and the test results show that the peak efficiency
of the boost converter can reach 94.7%. A wide input voltage range of 0.8–5 V and a wide
load current range of 5–300 mA can be achieved. At 3.6 V input voltage, the conversion
efficiency of more than 90% can be achieved in the load current range of 30–300 mA.
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