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S1: On-Chip Supercapacitor Cell Components and Micrograph of 3-layer structure

Figure S1: Different steps of fabrication process for on-chip supercapacitors (a) SEM
micrograph of Nano24. The SEM image show nano graphitic flakes (b) Batch coating of Ti/Au
current collector on Si/SiO2 wafer. The silicon wafer is coated with multiple current collectors
and multiple devices can be coated at the same time on the Silicon wafer and cut into single
devices and integrated with the micro electronic devices (c) Optical image of electrode coated
on the current collector (d) Image of separator with 2™ electrode and gold coating on top (e)
Batch coating of first layer of electrode. For scalability pruposes devices can be coated in a
large batch using a doctor blade. The slurries for the electrodes and seperator can be spread
onto the kapton template masks and homogeneously coated with the doctor blade (f) Batch
coating of separator (g) Multiple devices cut after batch coating on the silicon wafer (b)
Multiple stacked on-chip supercapacitors with all the layers coated and with wired connections



soldered on to the gold current collectors (i) Kapton tape cut using a laser printer. The Kapton,
along with a micro-glass plate, was used to seal the device (j) Packaged on-chip supercapacitor

(k) and (1) Cross-section electron micrograph of the electrodes and quasi solid-state electrolyte
configurations

S2: CV data at different scan rates at -20°C , RT and 60°C
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Figure S2: The cyclic voltammogram (CV) of on chip supercapacitors at different scan rates
and temperatures (a) CV at -20 °C shows device capacitance of 4.8 mF, 4.6 mF, 3 mF and 2.62
mF respectiviely for 50 mV/S, 100 mV/s, 500 mV/s and 1000 mV/s (b) at room temperature,

8.85 mF, 8.3 mF, 5.75 mF and 4. 75 mF (¢) at 60 °C, 10.1 mF, 9.1 mF, 8.1 mF and 5.68 mF
respectively.

Table S1: The capacity variation at different voltage sweeps and various temperature ranges

Scan rate Capacity
Temp (mv/s) (mF)
50 4.8
100 4.6
-20°C 500 3
1000 2.62
50 8
100 6.14
0°C 500 4
1000 3.02
50 8.85
100 8.3
25°C (RT) 500 5.75
1000 4.53
. 50 9.6
40°C 100 8.8
500 8.02
1000 5.18
50 10.1
100 9.1
60°C 500 8.1
1000 5.68




S3: CV data for 3 different dvices at -20°C , RT and 60°C
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Figure S3: Comparison of electrochemical performances of three different on-chip
supercapacitors at different temperature ranges (a) CV at -20 °C shows device capacitance of
4.8, 5.2 and 5.3 mF (b) The CV at room temperature with a capacitance of 8.1, 8.3 and 8.4 mF
(c) CV at 60 °C with a capacitance of 9.1, 9.3 and 9.4 mF. It is worthy to note that for all three
devices the capacitance values were around the same at the different temperatures.

S4: The chronoamperometric charge-discharge curves at various temperatures ( -20°C . RT and
60°C ) and for different charge-discharge currents.

A @ -20°C B C
L
250t 25
LAY
2 204 Z 2 204
@« @« @«
g g g
g g g
1.5+ 1.5
1.0 1.0
T R Epma s
8 0 5 10 15 20 25 30
Time /S
D 10— Room Temperature @ 1mA
2mA
@ 5mA
9, 2 1mA
w -
£ ?
~ Y
g 8 M
c ]
= R RN
T 4 N
g .
o P i
67
5_
N L T L T .
0 10 20 30 40 50 60 70 80 90 100 110 120 130
# Cycles

Figure S4: Comparison of the charge discharge curves of onchip super capacitor at different
current rate at different tempearures (a) Dicharge curves at -20°C for 1 mA, 2 mA, 5 mA and
10 mA (b) Dicharge curves at 25 °C for 1 mA, 2 mA, 5 mA and 10 mA (c) Dicharge curves
at 60°C for 1 mA, 2 mA, 5 mA and 10 mA and (d) the capacitance variation against the
different dicharge currents over several cyles at room temperature. The voltage window that is

aceessible throughout the different discharge rates are also labelled with orange lines in the
dicharge curve characteristics.



S5: Galvanostatic charge-discharge measurements and charge-discharge curves of on-chip
supercapacitor devices with voltage up to 2.7 V at RT.
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Figure S5: Charge-discharge, temperature reliability and leakage studies (a)
chronoamperometric (0.5 mA, 1-2.7V) charge-discharge curves 10th, 50th, 100th and 1000th
cycles (b) The cycling stability test results for 1K cycles. A drop in the capacitance observed
during the initial cycles is due to the quasi-reversible chemical side reactions. (¢) The charge-
discharge capacity at room temperature, and 70°C (1-2.5V) and 70°C (1-2.7V) for over 1000
cycles. The devices showed stability even with an increase in temperature and voltage.



S6: Table (S2) of comparison of existing supercapacitor devices and their dimensions,

capacitance and ESR values.
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