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Effect of RuQ; Thin Film Microstructure on Characteristics of Thin Film Micro-supercapacitor
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%= 2 RuO, W& BFo2 shod PL/Ti/Si 7% ol RuO/LiPON/RuO,S} £ T2 o|Fo)xl AxAbe) ubutgy ulo)
a2 M7 HE Aztsidot. A4 RuO4ehe ¥4 de sl EE 2HEE o)438ls 0/ [Ar+0.] ¥E 37} A7l
7273, ¥]A44 LiPON zAlAs g ke 5% AT 7] sl A of 2HE o2 JAAZc d2ellAe] $-ukd &
£ 33 RuO, wate] u|AFZo) me} izl HAe{ ] alo]lE BAJo] 9%& e A& & % UHrh. Glancing angle x-ray dif-
fraction (GXRD) ¥ transmission electron microscopy (TEM) A& F3) Abx f22] £7171 RuQ, wiate] vl 729 o
e F= 718 o £ 3%E, x-ray photoelectron spectroscopy (XPS) ¥4& El 42 #3 u|g 3717} Rus} 447be A
Pl S F& & F ULct. £F Alo)F ¥ HshMAE TEM 3 AES depth profiling ¥4& £, -3 A] Ru0,
9} LiPON3}2] Alwyt-3-ofl 23] Y- AW Fo] Alo]E FAo %< F& & + At

Abstract All solid-state thin film micro supercapacitor, which consists of RuQO,/LiPON/RuQ, multi layer structure,
was fabricated on Pt/ Ti/Si substrate using a RuO; electrode. Bottom RuO; electrode was grown by dc reactive sputter-
ing system with increasing O./[ Ar+ O.] ratio at room temperature, and a LiPON electrolyte film was subsequently de-
posited on the bottom RuO: electrode at pure nitrogen ambient by rf reactive sputtering system. Room temperature
charge-discharge measurements based on a symmetric RuQO,/LiPON/RuQ. structure clearly demonstrates the
cyclibility dependence on the microstructure of the RuQ; electrode. Using both glancing angle x-ray diffraction
(GXRD) and transmission electron microscopy (TEM) analysis, it was found that the microstructure of the RuQ; elec-
trode was dependent on the oxygen flow ratio. In addition, x-ray photoelectron spectroscopy(XPS) examination shows
that the Ru-0 binding energy is affected by increasing oxygen flow ratio. Furthermore, TEM and AES depth profile
analysis after cycling demonstrates that the interface layer formed by interfacial reaction between LiPON and RuQ,
act as a main factor in the degradation of the cyclibility of the thin film micro-supercapacitor.
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Fig. 1. Cross-sectional SEM image of the thin film micro-
supercapacitor on a Pt/Si substrate.
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Fig. 2. GXRD plots of the RuO./Pt/Ti/Si samples with differ-
ent oxygen gas ratios O./[ Ar+ O] of 10% and 30%.
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Fig. 3. Bright field cross-sectional TEM images and a SAD pat-
tern (inset) obtained from RuQ; films, which is grown at differ-
ent oxygen gas ratios O,/[ Ar+0.] of (a)10% and (b)30%.
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Fig. 4. XPS spectra of the RuQ; films, grown at different oxy-
gen gas ratios O./[ Ar+0,] of 10% and 30%.
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Fig. 5. SEM plan view and AFM images of the bottom RuQ; films which is grown at
(a) 10% and (b) 30% of oxygen gas ratios.
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Fig. 6. Plan view and cross-sectional SEM images obtained
from the LiPON electrolyte film.
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Fig. 7. RBS spectra for a LiPON electrolyte film deposited at
pure nitrogen ambient with 200W rf power.
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Fig. 8. The discharge capacitance of the different RuQ, films
(cycled between 0 and 2 V) as a function of cycle number. It is
clear that an increase in oxygen flow ratio leads to an improve-
ment in the cyclibility of a thin film supercapacitor. In addition,
time vs. voltage curve (inset) of thin film supercapacitor exhib-
its longer discharge time of the crystalline RuQ, than that of
the amorphous RuO: film.
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Fig. 9. TEM image obtained from the interfacial region be-
tween the amorphous RuQO. and LiPON electrolyte with SAD
patterns after 200 cycles. It is clearly shown that the interfacial
layer is formed at the region of interface.

Fig. 10. TEM image obtained from interfacial region between
the crystalline RuQ: and LiPON electrolyte with SAD patterns
after 200 cycles. It is noteworthy that there is no evidence for
an interfacial layer.
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Fig. 11. AES depth profile results of the top RuQ; films which
is grown at (a) 10%(amorphous structure) and (b) 30% (crystal-
line structure) of oxygen gas ratios
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Fig. 12. (a) Cross-sectional and (b) surface SEM images of the amorphous RuQ; top electrode and (c) cross-sectional and
(d) surface SEM images of the crystalline Ru0Q; top electrode after 200 cycles, respectively.
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