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High-Voltage Potassium lon Micro-Supercapacitors with
Extraordinary Volumetric Energy Density for Wearable

Pressure Sensor System

Shuanghao Zheng, Jiaxin Ma, Kaixin Fang, Shiwen Li, Jiegiong Qin, Yaguang Li,
Jiemin Wang, Liangzhu Zhang, Feng Zhou, Fangyan Liu, Kai Wang, and Zhong-Shuai Wu*

To cate for the rapid development of flexible, wearable and implantable
microelectronics, the miniaturized and integrated energy storage devices
with mechanically robust properties, high voltage, and highly compatible
integration are in extreme demand. Here, potassium ion micro-super-
capacitors (KIMSCs) are rationally designed by applying MXene-derived
potassium titanate (KTO) nanorods anode and porous activated graphene
(AG) cathode to power the sensitively integrated pressure sensing system.
Benefiting from the advanced nanostructure of KTO nanorods, it offers a
high potassium ion storage capacity of 145 mAh g~'. Notably, the constructed
KIMSCs exhibit a large operating voltage window of 3.8 V, outperforming

performance and high integration.'8l
Among the miniaturized energy storage
units, micro-supercapacitors (MSCs) hold
a great potential for microelectronics, due
to the ultrahigh power density, fast charge
and discharge rate, and long life stability.
Nevertheless, despite the intrinsically
reversible adsorption of electrolyte ions
or rapid Faradaic reaction, current MSCs
still suffer from relatively low energy den-
sity and narrow potential window.°!
To address this gap, hybrid ion MSCs
(HIMSCs) have been emerging to cover

the previously reported micro-supercapacitors. Furthermore, an extraordi-
nary volumetric energy density of 34.1 mWh cm3 is achieved for KIMSCs
with robust rate capability and remarkable capacitance retention, due to

the dominated capacitive mechanism and tiny volume change of reversible
intercalation/deintercalation of K cations in KTO and adsorption/desorption
of bis(trifluoromethanesulfonyl) imide anions on AG. More importantly, a
KIMSC compatibly integrated with a wireless pressure sensor on a flexible
substrate can monitor body movement. Therefore, this work not only pro-

the merits of both Dbattery-type negative
electrode and supercapacitor-type posi-
tive electrode, where high energy density
and high power density can be simultane-
ously achieved. 8 For instance, lithium
ion MSCs as a typical kind of HIMSCs
have demonstrated to possess high energy
density and long cyclability.'*1%20 Nev-
ertheless, the increasing cost and low

vides insight on designing high-performance KIMSCs, but also presents a

blueprint for KIMSCs powered flexible electronics.

1. Introduction

The modularized and miniaturized electronics for portable
and wearable devices have intensively accelerated the need for
microscale electrochemical energy storage devices with robust

crustal abundance of lithium will restrain
the further development of lithium ion
MSCs.[21-23]

In contrast, substantial efforts have
been devoted into potassium ion energy
storage devices, owing to the abundant potassium resource in
crust and comparable energy density.?42% The reduction poten-
tial of potassium (-2.93 V vs SHE) gets close to that of lithium
(—3.04 V vs SHE), enabling a high operating voltage of potas-
sium ion batteries comparable to lithium ion batteries.* 28l
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Moreover, potassium ions in non-aqueous electrolyte have
a weaker solvation effect and smaller Stokes’ radius than
lithium ions, contributing to a higher ion transfer number
and conductivity.??! Inspired by high capacity, black phospho-
rous and metal chalcogenides (e.g., SnS,, MoS,) with conver-
sion or alloying reaction are currently preferred for potassium
ion storage.’*3%l However, when they are applied for potas-
sium ion MSCs (KIMSCs), the pre-intercalation or activation
of K cations is usually required, which makes the volume of
electrode hugely expanded and the preparation process more
complex and time consuming.?*3% By comparison, potassium
titanate (KTO) crystal structure possessing open channel and
huge interstitial space is able to store potassium ions with low
lattice strain and slight volume change,l¥’-3% therefore being an
ideal anode for stable and high-voltage KIMSCs. Nevertheless,
the rational design of KIMSCs remains unexplored so far.
Herein, we reported a new prototype of high-performance
KIMSCs based on MZXene-derived KTO nanorods as nega-
tive electrode and porous activated graphene (AG) as positive
electrode in a non-flammable high-voltage ionogel electrolyte,
which served as a sufficient microscale power source for the
construction of an integrated sensor system. The KTO nanorods
were prepared from the simultaneous alkalization and oxida-
tion of Ti;C, MXene via hydrothermal method. Impressively,
the KTO delivered a considerable diffusion coefficient of 1.6 X
10712 cm? s7! and high capacity of 145 mAh g as anode mate-
rials for K ion storage. The as-fabricated KIMSCs could offer
a large operating voltage of 3.8 V, extraordinary volumetric
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energy density of 34.1 mWh cm™3, and mechanical robustness.
Besides, a highly integrated system based on our KIMSC and
a pressure sensor was well designed for efficiently monitoring
the body movement of elbow and finger.

2. Results and Discussion

The preparation process of MXene (Ti;C,)-derived potassium
titanate (K,TigO;;, KTO) nanorods was schematically illustrated
in Figure 1a. Briefly, the accordion-like Ti;C, MXene was initially
synthesized by selectively etching the Al interlayer of pristine
Ti;AlC, in the etchant of hydrofluoric acid solution (Figure S1,
Supporting Information).*o*) Next, Ti;C, MXene was subjected
to hydrothermal treatment for simultaneous oxidation and
alkalization in H,0, and KOH solution at 180 °C. To optimize
the morphology, KTO synthesized at different KOH concentra-
tion (x mol L™Y) and treatment time (y h) (denoted as KTO-x-y)
was discussed. As shown in Figure 1b,c, KTO-10-24 exhibited
a uniform and elongated nanorod structure with a length of
1-5 um and width of 100-200 nm. The typical diffraction peaks
at 11.1°, 24.1°, 28.8°, and 48.0° (Figure S2, Supporting Informa-
tion) were well indexed to the standard PDF card (JCPDS No
41-1100), corresponding to the chemical formula of K,TigOy,
However, when KOH concentration decreased, KTO-1-24 and
KTO-5-24 showed an irregular small particle and interlaced fila-
ment (Figure S3, Supporting Information), respectively. When
the treatment time was prolonged, KTO-10-48 nanorods became

Oxidation =

Alkalization

Figure 1. The preparation and morphology of MXene-derived KTO nanorods. a) Schematic illustration of the preparation process of KTO nanorods
from simultaneous oxidation and alkalization of Ti;C, MXene in 10 m KOH at 180 °C for 24 h. b—e) SEM image (b), TEM image (c), HRTEM image

(d) and elemental mapping analysis (e) of KTO nanorods.
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bolder due to the prolonged hydrothermal time. Thus, the
optimal condition of hydrothermal treatment for KTO nanorods
preparation was 10 m KOH for 24 h. High-resolution transmis-
sion electron microscopy (HRTEM) images revealed a crystal-
line structure of KTO-10-24 nanorods with a large interlayer
spacing of 0.795 nm (Figure 1d), in agreement with the (200)
plane of X-ray diffraction (XRD) pattern. X-ray photoelectron
spectroscopy (XPS) spectrum confirmed the distinguishable
signals of K 2p and Ti 2p in KTO-10-24 nanorods (Figure S4,
Supporting Information). Also, potassium and titanium ele-
ments were well discerned in KTO-10-24 nanorods (Figure 1le),
highlighting the homogenous distribution of Ti and K.

The electrochemical performance of KTO was then evalu-
ated for potassium ion storage in 0.8 M KPF electrolyte at a
potential range of 0.01-3 V (vs K*/K) (Figure 2). Apart from
the irreversibly broad discharge peak below 1.5 V in the first

www.advenergymat.de

discharge cycle, the subsequent cycles were almost overlapped
(Figure S5, Supporting Information), suggesting completely
reversible process. Furthermore, the reversible peaks below
0.5 V in the 2nd and 3rd cycles were assigned to the valence
change from Ti*" to Ti**. As a result, KTO-10-24 nanorods
delivered a reversible capacity of 145 mAh g at 20 mA g
(Figure 2a,b). This capacity value was higher than KTO-
1-24 (1247 mAh g7), KTO-5-24 (120 mAh g), KTO-10-48
(105.6 mAh g and other reported KTO (Table S1, Supporting
Information), such as K;TigOy3 (95 mAh g™ at 20 mA g),*
and K,Ti,O¢ (97 mAh g at 30 mA g!).?® With increasing
current densities from 50, 100, 150, 200 to 300 mA g}, KTO-
10-24 delivered a highly reversible capacities of 106, 97, 90, 84
to 76 mAh g}, respectively, indicative of extraordinary rate per-
formance. Additionally, the electrochemical impedance spectro-
scopy (EIS, Figure 2c) showed that the Nyquist plots of all KTO
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Figure 2. Electrochemical characterization of KTO nanorods for potassium ion storage. a) GCD profiles of KTO-10-24 measured from 20 to 300 mA g™'.

b—e) GCD profiles (b) at 20 mA g™, EIS spectra (c), linear fitting of Z’ versus
(e) of various KTO samples. Inset of (c) is the equivalent circuit.
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materials consisted of a semicircle shape in high frequency and
steep line in low frequency (Warburg region), corresponding
to the charge transfer resistance (Ry) and K cation diffusion
coefficient (Dg) in KTO. Specifically, KTO-10-24 disclosed
a small R, of 589 Q (Table S2, Supporting Information),
lower than KTO-1-24 (762 ), KTO-5-24 (796 ), and KTO-10-48
(802 Q), revealing a favorable interfacial charge transport. More-
over, the plots of Z’ versus @/ reflected the Warburg factor
(0, Figure 2d) and then was used to evaluate the Dy (Table S1,
Supporting Information). Accordingly, the Dy of KTO-10-24 was
calculated to be 1.6 x 1072 cm? 57!, which was obviously higher
than KTO-1-24 (3.4 x 107 cm? s7%), KTO-5-24 (3.3 X 103 cm? s7}),
and KTO-10-48 (1.1 x 1072 ¢cm? s7Y). These results implied
that KTO-10-24 with large interlayer spacing and high length—
diameter ratio could greatly promote the transfer of ions and
electrons, therefore benefiting a better electrochemical per-
formance. Remarkably, KTO-10-24 exhibited considerable
long-term cyclability for continuous 300 cycles at 200 mA g™
(Figure 2e), and the negligible capacity delay was achieved
after 200 cycles, indicative of the promising candidate in K ion
storage.

To further demonstrate the feasibility of flexible electronics,
KIMSCs consisting of KTO nanorods anode and AG cathode
were assembled on a flexible nylon membrane via a customized
mask-assisted deposition method (Figure 3a, see details in Sup-
porting Information).** The porous AG was obtained from
reduced graphene oxide aerogels with KOH activation,*! having
a high specific surface area of =2300 m? g~! with a pore size dis-
tribution of 2.5 nm (Figure S6, Supporting Information). The
electrochemically exfoliated graphene (EG) nanosheets were
employed as metal-free current collectors, highly conductive
additives, and strongly flexible support (<1000 S cm™, Figure S7,
Supporting Information). Typically, the as-prepared microelec-
trodes of KTO and AG had a thickness of =5 um and =14 um
(Figure S8, Supporting Information), respectively. It could be
observed that the EG nanosheets were interlaced into adjacent
active materials of KTO and AG, resulting in the formation of
conducting channels for both microelectrodes. Furthermore,
scanning electron microscopy (SEM) images indicated that the
overlapping of KTO/EG or AG/EG enabled efficient construc-
tion of a highly conductive network in each electrode for fast
electron transfer (Figure S9, Supporting Information). As a con-
sequence, the electrical conductivities reached to =350 S cm™
for KTO anode and =100 S cm™ for AG cathode (Figure S10,
Supporting Information). Meanwhile, we also verified the excel-
lent flexibility by bending, rolling, and twisting the paper-like
KIMSCs (Figure S11, Supporting Information), remaining the
integrity without any damage.

To implement high-safety KIMSCs for flexible electronics,
we also prepared a nonflammable ionogel electrolyte, made up
of bis(trifluoromethylsulfonyl) imide potassium salt (KTFSI),
1-butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl)
imide (P4TFSI), and poly(vinylidene difluoride-co-hexafluoro-
propylene) (PVDF-HFP) (denoted as KTFSI-IE). Remarkably,
different from the conventional organic gel electrolyte, KPF; in
ethylene carbonate and dimethyl carbonate mixed with PVDEF-
HFP, the as-prepared KTFSI-IE was thermo-stable up to =370 °C
(Figure S12, Supporting Information), and was flame resistant
in air even after 15 s (Figure S13, Supporting Information). The
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electrochemical stability of KTFSI-IE was also certified through
linear sweep voltammetry (LSV, Figure 3c). An anodic oxida-
tion occurred from LSV curve when the potential increased to
4.8 V, suggestive of wide stability voltage of KTFSI-IE. Notably,
the stable KTFSI-IE delivered a decent ionic conductivity of
1.3 mS cm™! at room temperature (Figure 3b). Moreover, the
ionic conductivity of KTFSI-IE increased with the temperature,
in which the ionic conductivity reached up to 6.8 mS cm™ at
100 °C. Such robust stability and intrinsic electrochemical char-
acter of KTFSI-IE would enable high performance for KIMSCs.
The flexible solid-state KIMSCs were then assembled through
drop-casting KTFSI-IE onto the surface of microelectrodes, fol-
lowed by solidification process (Figure 3a).

To validate the excellent electrochemical performance, gal-
vanometric charge and discharge (GCD) test was carried out
at a voltage window of 0-3.8 V (Figure 3d). According to the
discharge profiles, the gradual lines between 1.5 and 3.5 V
were attributed to the successful match between intercalation-
type KTO anode and non-Faradaic AG cathode. Based on the
optimal thickness ratio of 1:3 for anode to cathode (Figure S14,
Supporting Information), the KIMSCs presented high areal
and volumetric capacitance of 12.8 mF cm™ and 13.5 F cm™
at 30 WA cm?, respectively (Figure 3e), much higher than
the reported graphene (G)//K,;Co3(P,07),22H,0 MSCs
(6.0 F cm™3).] At high current density of 200 HA cm™2, a con-
siderable areal and volumetric capacitance of 77 mF cm™2 and
8.2 F cm™ remained, respectively, suggestive of robust rate
performance. The conductive EG additives in KIMSCs made a
low equivalent serial resistance (334 Q, Figure S15, Supporting
Information), but contributed a fairly tiny part (=2.4%) to the
entire capacitance of KIMSCs (Figure S16, Supporting Infor-
mation). Notably, the voltage of KIMSCs was as high as 3.8 V.
To the best of our knowledge, this value is the highest among
the reported MSCs, for instance, MnO,-polypyrrole (PPy)//
V,0s-polyaniline (PANI) (1.6 V), laserinduced graphene
(LIG)-FeOOH//LIG-MnO, (1.8 V), EG-MXene//EG-MXene
(3.0 V),I] F-doped graphene (FG)//FG (3.5 V), and EG-VS,//
activated carbon (3.5 V).l Furthermore, our KIMSCs delivered
a high volumetric energy density of 34.1 mWh cm™ at a power
density of 75 mW cm™, superior to the most reported works
(Figure 3f), such as MnO,-PPy//V,05-PANI (19.8 mWh cm™3),¥/
EG//MnO,-PHI000 (6.6 mWh cm™)52 LIG-FeOOH//
LIG-MnO, (24 mWh cm®)®] and G//K,Co;s(P,0,),-2H,0
(0.96 mWh cm~3).*l The KIMSCs showed a maximum power
density of 828 mW cm™3, corresponding to a high energy den-
sity of 14.3 mWh cm™ (Figure S17, Supporting Information).
In addition, the mechanically robust feature could be veri-
fied by nearly unchanged GCD profiles (Figure 3g) and over-
lapped cyclic voltammetry (CV) curves (Figure S18, Supporting
Information) with varying bending angles from flat to 180°.
Moreover, the long-term stability of flexible KIMSCs could be
demonstrated by 82% retention of the initial capacitance and
unchanged Coulombic efficiency over 5000 cycles (Figure 3h).
Overall, we ascribed the prominent performances of our
KIMSCs to the factors including combined strategies of out-
standing conductive network in microelectrodes, highly elec-
trochemical activity of KTO and AG, distinguished ionic con-
ductivity of KTFSI-IE, and strong interfacial coupling between
electrodes and flexible substrate.

© 2021 Wiley-VCH GmbH
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Figure 3. Characterization of ionogel electrolyte and electrochemical performance of KIMSCs. a) Schematic diagram and optical image of KIMSCs
with KTFSI-IE. b) lonic conductivities of KTFSI-IE at different temperature. c) LSV curve of KTFSI-IE at 2 mV s™". d) GCD profiles of KIMSCs recorded
from 30 to 75 WA cm™2. e) Areal capacitance and volumetric capacitance of KIMSCs obtained from 30 to 400 uA cm™2. f) Volumetric energy density
versus voltage of KIMSCs in comparison to previous works. g) GCD profiles tested at various bending angle from flat to 180°. h) Long-term cycling

performance of KIMSCs for 5000 cycles obtained at 0.3 mA cm=2.

To understand the ions storage process, the kinetic analysis
of KIMSCs was further performed via CV measurement. The
CV curves tested from 1 to 5 mV s! showed a proportion-
ally increased current along with the scan rates (Figure 4a).
Generally, the current could be separated to diffusion-con-
trolled contribution and pseudocapacitive contribution,
following the equation: i = av?, where i is the current from
CV curves, v is the scan rate, a and b are the constant terms.
b = 0.5 means the diffusion-controlled process, and b = 1
indicates the surface-controlled pseudocapacitive process.
According to the power-law relationship, b value was evalu-
ated to be 0.85 and 0.87 for the anodic peak and cathodic
peak (Figure 4b), respectively. It implied a mixed behavior of
diffusion-controlled contribution and pseudocapacitive contri-
bution for KIMSCs. Furthermore, the contribution ratio of the
surface-controlled (k1) and diffusion-controlled (k%) effects

Adv. Energy Mater. 2021, 11, 2003835
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could be quantitatively separated by the following formula:
i = kyw + k"%, where k; and k,, the variable constant, charac-
terize the surface-controlled and diffusion-controlled behaviors
at a fixed scan rate and voltage, respectively. From the quantita-
tive analysis, the surface-controlled contribution increased with
the scan rate and a larger than 67% of the entire capacitance was
driven from the surface-controlled effect (Figure 4c; Figure S19,
Supporting Information), demonstrating a dominating capaci-
tive contribution of KIMSCs with a fast kinetics.

Furthermore, the ions storage behavior of KIMSCs during
charge and discharge process were studied by in situ Raman
and ex situ XRD analyses in a full device. As shown in
Figure 4d,e, KIMSCs with planar interdigital pattern can be
directly probed via Raman beam, unlike punching metal cur-
rent collector of the conventionally stacked energy storage
devices. Before charging, the peaks of KTO anode located at

© 2021 Wiley-VCH GmbH
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Figure 4. Kinetic analysis and in (ex) situ studies of KIMSCs. a) CV curves measured from 1to 5 mV s™. b) Anodic and cathodic current response as a
function of scan rate. ¢) The normalized pseudocapacitive and diffusion-controlled contribution at different scan rates. d,e) Schematic illustration of in
situ Raman spectra of KIMSCs for KTO anode (d) and AG cathode (e). f-h) Raman spectra of KTO (f), AG (g), and TFSI anion (h) obtained from AG
cathode. i) GCD profile showing the positions for ex situ XRD patterns. j) The ex situ XRD patterns of KTO anode. k,I) Schematic diagram displaying
structural models of KTO anode (k) and AG cathode (1) at the starting charge (top) and discharge (bottom) process.

282 and 295 cm™ were assigned to the K—O—Ti stretching
vibration (Figure 4f). The peak at 1585 cm™ originated from the
in-plane vibration (G peak) of AG cathode (Figure 4g). The peak
at 741 cm™ stemmed from the bending vibration of S—N—S
bond in TFSI anion (Figure 4h), which was obtained from AG
cathode. During charging, the intensity of the peak at 295 cm™
gradually decreased and disappeared (Figure 4f), implying the
possible intercalation of K cation into the bulk KTO. The posi-
tion of G peak remained unchanged (Figure 4g), indicative of
the intact structure of AG without ion intercalation. Meanwhile,
the vibration of S—=N—S bond from TFSI anion drifted from 741
to 743 cm™! (Figure 4h), suggesting the adsorption-enrichment
effect of TFSI anion in the interface of AG cathode during the
charge process. Besides, ex situ XRD measurement was applied

Adv. Energy Mater. 2021, 11, 2003835
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to investigate the structural evolution of KTO in KIMSCs
(Figure 4i,j). During potassiation process, the (200) plane dif-
fraction peak at 11.1° gradually shifted to a low angle of 10.9°,
due to the insertion of K cation. Correspondingly, the inter-
layer spacing of (200) plane was slightly expanded from 0.795
to 0.807 nm. After discharge process, all of the vibration peaks
at Raman spectra and diffraction peaks at XRD patterns recov-
ered to the original positions, suggestive of highly reversible
deintercalation of K cation and desorption of TFSI anion. In
terms of the aforementioned analysis, it is concluded that the
K cation insertion/extraction process on KTO and TFSI anion
adsorption/desorption process on AG are synchronous with
tiny volume change during charge and discharge processes
(Figure 4k,1).

© 2021 Wiley-VCH GmbH
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Figure 5. Performance of the integrated KIMSC-sensor system. a) Photograph of the integrated KIMSC-sensor system. b,c) Photograph (b) and current
response (c) of the pressure-sensing graphene-based PVA hydrogel to show the self-healing process. d) Self-discharge process of KIMSCs from V,,, to
0.6 Vpnay €,f) Schematic images to show the attached KIMSC-sensor system on the finger and elbow. g,h) Current change of graphene-based hydrogel
sensor powered by a KIMSC in response to finger bending (g) and elbow bending (h).

To demonstrate the potential of KIMSCs in smart devices,
a flexible integrated system consisted of a planar KIMSC and
graphene-based pressure sensor was constructed through the
simple mask-assisted filtration strategy (Figure 5a; Figures S20
and S21, Supporting Information). In such a system, the
highly conductive EG nanosheets served as the metal-free
interconnection and interdigital current collector for a KIMSC
and sensor, enabling a fully flexible function integration.
To realize the pressure sensor, conductive graphene-based
hydrogel as pressure sensing material was prepared from
graphene and polyvinyl alcohol (PVA) dispersion uniformly
mixed with cross-liked agent of borax, where tetrafunctional
borate ion has an interaction with —OH group in PVA via
hydrogen-bonding. Graphene filler in the pressure sensitive
hydrogel with a suitable concentration (=1 wt%) could form
an efficiently electrically conductive network in a nanoscale
to dramatically improve the piezoresistivity.’>>”] As shown in
Figure 5b, the conductive graphene-based hydrogel was able
to be fast self-healed without any external stimuli after being
totally separated, due to the reformation of hydrogen-bonding
interaction.®>! Such a robust selfhealing process was also
proved by the current change over time (Figure 5c). When the
graphene-based hydrogel was completely severed, the current
immediately decreased to zero owing to the open circuit. Once
the spontaneous healing occurred, the current fleetly recovered
to the initial value with a self-healing efficiency of =99%. The
rapid self-healing process of graphene-based hydrogel ren-
dered a repeatable restoration of electrical response, therefore
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satisfying piezoresistive pressure sensor. In addition, the
KIMSC showed a long self-discharge time from 3.8 V (V,,,.,) to
2.4V (0.6 V) over 44 h (Figure 5d), much higher than the
3.5 V per 25 mF commercial supercapacitors (CSCs, 8 h) and
2.75 V per 44 mF CSCs (21 h) at 0.5 V;,,,.[°7 As an integrated
sensor system, the KIMSC could provide the efficient power for
body motion detection (e.g., finger joint, elbow) and bending
monitor via an electromechanical response (Figure Sef and
Video S1, Supporting Information). For instance, when the inte-
grated system was attached onto the finger joint to detect the
repeated bending motion, a stable response with =8% variation
of the original current was detected (Figure 5g), attributed to the
tensile behavior of graphene-based hydrogel. When attached on
the elbow under movement, the integrated system disclosed a
positive current response with =7% variation (Figure 5h), due to
the compressive effect of the deformation. Therefore, it is veri-
fied that our KIMSCs as a standalone power source could well
power the wearable pressure sensor in an integrated system to
register the body motion with a clear response, paving a way for
wearable microelectronics.

3. Conclusion

In summary, we have developed MXene-derived KTO nanorods
based KIMSCs as an integrated electronic unit for micro-
scale energy storage and utilization. The KTO nanorods from
the simultaneous alkalization and oxidation of Ti;C, MXene
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delivered a large ion diffusion coefficient and higher capacity of
145 mAh gl Planar KIMSCs with interdigital pattern of
KTO nanorods anode and AG cathode delivered a high
voltage of 3.8 V, an extraordinary volumetric energy density of
341 mWh cm™ and outstanding flexibility. Moreover, the highly
integrated pressure sensing system of a KIMSC and sensor could
sensitively record motion detection. Through the reasonable design
and good match of anode and cathode, exploitation of stable and
high-voltage electrolyte and development of the compatible tech-
nologies, it is believed that KIMSCs will further present notable
electrochemical performance and become a highly-competitive
microscale power source for microelectronics.

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.
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