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Abstract: The frequency response of metal-insulator-metalMMbased thin film capacitors were studied
using LCR bridge where diamond-like nanocompoditeN) film behaves as a dielectric medium. The films
were deposited by plasma assisted chemical vapepogition (PACVD) method. Fourier transforms inédr
spectroscopy (FTIR) and Raman spectroscopy givsttheture of DLN film. The results show that, eqlént
parallel capacitance (EPC) decreases sharply beyb@éiz for thinner films. But for thicker films, thei®no
such decrease. This is due to some parasitic seegistance effect in the capacitor circuit. An eqlent
circuit model for real capacitor has been estaldidhMoreover, there is also a small decrement itCE#th
frequency and this effect increases with thickméd8m. This may be due to lack of sufficient tifmeelectron
transportation through bulk DLN material. The DLIdded thin film capacitor has a great potential fee in
electronic/electrical system.
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l. I ntroduction

Diamond-like Nanocomposite, an amorphous matermashprises of two interpenetrating network
structures. These are one diamond like carbon biositeork stabilized by hydrogen (a-C:H) and anotheartz
like silicon network stabilized by oxygen (a-Si:{2}4].Different chemical bonds between constitugtams of
the two networks lead to low residual stress[8]akprom different tribological [3, 4, 6], therm@, 5],
chemical [10], biocompatibility [7] properties, DLNas also good dielectric properties [1, 2]. DLNsg&sS
electrical resistivity of 1bto 10" ohm cm, dielectric constant 3 to 10 and breakdstmength in the range of
10° to 10 V/cm [1, 2, 9]. Capacitor has been fabricatedhwiiLN thin film as the dielectric medium
sandwiched by two metal electrodes. Measuremeffieqfiency response of capacitor fabricated by uhén
frequency range of Bz to 10Hz has been reported. An equivalent circuit thptesents the real behaviour of
the capacitor in electric circuit has also been efied.

. Experimental
2.1. Synthesisof DLN film:

Diamond-like Nanocomposite coatings were deposi@edaluminium coated silicon substrate by
plasma assisted chemical vapour deposition (PACMDgess. The base pressure is 2 R tifbar and working
pressure is 3 x IDmbar. Substrates are cleaned by conventional meihd again cleaned in situ by plasma
etching prior to deposition. A liquid siloxane puesor injected in the low pressure chamber vapesngith a
hot filament and in turn ionizes by bombarding thiamic electrons from filament to generate the iplas
atmosphere of precursor elements. The filamentoutris in the range of 90-110A. The ions are thelted
towards a rotating substrate holder by using a figluency RF self-bias of -550V. During depositfpocess,
argon gas flows in to the chamber at the rate ofl&0in.

2.2: Fabrication of DLN based capacitor:

Silicon is cleaned by conventional cleaning method the aluminium thin film is deposited on silicon
substrate by vacuum evaporation (PVD) method. TherDLN film is deposited on aluminium coated silic
substrate by PACVD method. Finally, the aluminunm tliim is again deposited on DLN surface. The eat
points are achieved by using silver pest. A typstaicture of the capacitor is shown in Fig. 1.
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Figure.l. Schematic diagram of single layer DLNedobthin film capacitor

[I. Results and discussion
In order to study of structure of DLN film, the FRIspectrum of a representative film was recorded
from 400 -4000cr range. The corresponding FTIR trace has been shWiy.2. The FTIR trace of the film
shows two networks: one is Diamond-Like C:H netwakd another is Si:O network and they are
interpenetrated with the Si-C bonding depictingtypgcal nature of DLN film [3].
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Figure. 2. The FTIR spectra of DLN film shows thentding structure.

Raman spectrum was investigated in the wave nunaloging from1100 t018000'r1’1 Raman spectrum analysis

of DLN film is deconvoluted into two Gaussian peakbe G-peak is due to C=CZSptretching vibration and
the D-peak is attributed to the disordered breathotion of six-fold aromatic rings [3, 5]. Thu$et peak
positions in the Raman spectrum of DLN film and th&nsity ratio of D/G-peak are the most important
parameters to understand the electrical propediethe DLN film because dpt bonds are responsible for

electron transportation through DLN film. There awo bands aroundlSSSé%mD-peak) and1524c'rr11 (G-
peak) shown in Fig.3. The/lg ratio is observed to be 0.35 which may be indiyeetlated with spsp? ratio
[11].
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Figure.3. Raman spectra of DLN film is deconvulated two Gaussian peaks.
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3.1. Frequency response of EPC:

The frequency response of EPC of DLN based thim fllIM capacitor has been recorded using
Agilent 4284A Precision LCR Meter at room temperatrhe peak to peak voltage of ac signal was vk
frequency ranges from 1Mz to 16Hz. The Frequency response of three single layeX Ein films based
MIM capacitors has been shown in Fig. 5 and Figle thickness of DLN films are 118nm, 313nm and
1090nm respectively. It is observed that the EP@liisost constant up to 8z of ac source then decreases
sharply for both of thin capacitors. This may be do some parasitic series resistance effect. Vpéegpan
equivalent model for real capacitor to explain shehaviour in section 3.2. Moreover, a small grade EPC
with frequency is present in all capacitors andrtie of such decrement increases with thicknedgnaof This
may be due to lack of sufficient time to transpairtharge through bulk DLN film.

3.2 Equivalent capacitor model:

In real capacitor, there must be a definite leakaggistance in between two electrodes and a small
series resistance due to resistance of thin migtetredes and contact terminals. These resistaarestermed as
parasitic resistance. The LCR bridgemeasured tipediance by assuming a parallel combination of dapac
and resistance i.e. equivalent parallel capacité@pg and equivalent parallel resistance (Rp).
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Figure 4: Diagram of instrumental model circuit agiivalent model circuit as considered.

According to the instrumental set up, total impexameasured by LCR bridge is converted in two irapeds:
one is due to equivalent parallel capacitancg @hd another is due to equivalent parallel resea(R).
According to our model (Fig. 4), we assumed thatid@al capacitor (C) which is independent of fratnye
(~MHz), a parallel leakage resistance)@hd parasitic resistancegf series.

Total impedance (£ according to instrumental set up is divided asal part and imaginary part. Similarly,
total impedance of equivalent model circuit is dad in real and imaginary parts. Comparing the eewl
imaginary part of equivalent model circuit and fogtental circuit, we get,

2
_ cR? 1
P = IR R
_ (xRZ+2RsRe+R?)
Ry=—"——"TL ... 2
P (xRs+R¢)
wherex = 1+ @?C?R? ......c....... 3

In general, the series resistance) (R much smaller than the leakage resistancg. (RAt low
frequency, ‘X'in equation 1 is closes to one henCe; and Rp are nearly equal to C andr&pectively
according to equations 1 and 2. If iR very high (~ M2 or higher), then Ras no significant effect on EPC
even at high frequency (1®z). But if R is low (~kQ), then Rcan play an important role on EPC at higher
frequency. By changing the value of Ree fitted the experimental graph from the equéméimodel circuit.
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Figure 5: Frequency response of EPC for 118nm 48d thick DLN based capacitor.
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Figure 6: Frequency response of EPC for 1090 nak LN based capacitor.

The frequency response of EPC of single layer Ktiéss=118nm) DLN film capacitor has good
agreement with equivalent model circuit (Fig. 7TheTEPC and EPR of the capacitor are 16.2nF ank®.48
respectively at frequency 100Hz. So the value ah@ R are 16.2nF and 9.48krespectively.
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Figure. 7: Capacitance vs. frequency response it Eingle layer thin film capacitor of thickness8Hn. (R
=150, R =9.48lQ, C = 16.2nF)
It has been seen by trial and error method thas &jual to 1for better fitment of experimental results.
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Figure 8: Capacitance vs. frequency response féd Bihgle layer thin film capacitor of thickness 3b3 (R =
18Q, R = 4.5 M, C = 6.52nF).

Fig. 8 also shows that the frequency response & BPsingle layer (thickness=313nm) DLN film
capacitor has agreement with theoretical model. ERE€ and EPR of the capacitor are 6.52nF and @.5M
respectively at frequency 100Hz. Similarly, theueabf C and Rare 6.52nF and 4.5 respectively. It also
has been seen by trial and error method that &jual to 18 for better fitment of experimental results.
There is no sharp decrement of EPC at high frequéarahick layer DLN film (1090 nm) which shown Fig.

6. Because the leakage resistant is very high coabfgato series resistance and hence does notamgveffect
within frequency 1 MHz on EPC according to equatiohe EPC and EPR are 223pF and 80Mspectively
at 100Hz frequency.

Another interesting observation is that, there ggadual decrease of EPC with frequency up 120
This effect increases with film thickness. Theseynhe explained as follows: for any definite potehti
difference across the capacitor the field stretgitomes very high for very thin dielectric film. ®to the high
field strength and defect states present in thke diuthe film, transportation of electrons throughN film may
be explained by Pool-Frankle model for insulat@itse transportation causes electron drift veloatyglectrons
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take some time to cross the bulk material if ajgpfield remains active in that direction. For atting electric
field, as applied field frequency increases frequrange in field direction causes decrease irsparation of
electrons because of lesser available time for tteebre transported. Hence current decreases ittt i.e.
circuit impedance increases. Increase of impedaigrefies decrease of EPC. Apart from this wheokifess
of DLN film increases the field strength decreafmsspecific potential difference and the path knfpr
electrons also increase as a result time for tateson further increase causing lowering of EMthen the
frequency is quite high >fHz the decrement in EPC reduces causing moressrdesteady capacitance for
thicker film (Fig. 9).
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Figure 9. Normalized EPC for four different samples

The sharp decrease in EPC aftef Hx for thinner DLN film layered capacitors in Fiymay be
attributed to parasitic series resistance effetiténcapacitor circuit as mentioned in section 3.2.

V. Conclusion

The study for capacitance against frequency of Db film based MIM capacitor shows that,
parasitic resistance has a great effect on EPGgat frequency operation. To avoid this effect, thakage
resistance should be very high and parasitic egsist should be very low. For a particular dieleatnedium to
increase the leakage resistance the thickness edéctlic must be enlarged which leads to decrease i
capacitance for fixed electrode area. In casegif bapacitance and high frequency operation, outetnzan be
helpful to design an electrical/ electronic cirquibperly since it has good matching with experitabstudies.
Hence, DLNthin film based MIM capacitor has greatemtial for use in electrical/ electronic circuit.
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