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INTRODUCTION

In this study we have focused on the electricalrattarization of
insulators deposited at low temperature. Capacifadcéeakage and
breakdown strength were mesured for planar capaciath ALD-
grown ALO; and ALO;-TiO, nanolaminate thin films dielectric
layers. The deposition temperature was varied t#d0 - 300°C.

CAPACITORS AND ALD THIN FILMS

The capacitors were of MIM type with molybdenumths contacting
electrode. Silicon dioxide was used for the intezledielectric and
passivation.

The ALO; films were grown at 110°C to 300°C, and thg@jlthickness
varied from 14 nm to 60 nm. The JA),-TiO, nanolaminates were
grown at 200°C. In the nanolaminates, the thickeess the constituent
Al O, layers ranged from 1 nm to 3 nm, while the Jl@yer thickness
was fixed at 3 nm. The volume fraction of i@ the films varied from
0.46 to 0.73. The number of A),-TiO, nanolaminate layers was varied
from 6 to 10, targeting to a constant overall filiickness of ~ 40 nm.
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Figure 1. Schematic and SEM cross-section of the capa  citor
and close-up of the active area

RESULTS
CAPACITANCE

With the deposition temperature increasing from°Cl@ 300°C, the
capacitance density decreased from 2.42 nF/tor2.00 nF/mriwhen
nominally 40 nm thick AlO; insulator was used. The reason for the
decrease is assumed to be erosion of the insulatang photoresist
development, being faster for films deposited at temperature. For
the same reason, the capacitance density did peaapo depend fully
linearly on the deposited film thickness. Becaussieate measurement
of the insulator thickness in completed capacitsergedious, we have
estimated the thickness with the assumption ¢hat8 for ALO,. The
uncertainty of such estimation is assumed to ihebrder of 10%.

Table 1. Al,O, erodes in photoresist developer. Final insulator thickness
is calculated from capacitance assuming permittivity of g, = 8.
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Figure 2. The uniformity of capacitance in capacitor
and with Al ,05-TiO, nanolaminate insulator (right).

s with Al ,0j5 insulator(left)

DC LEAKAGE AND BREAKDOWN CHARACTERISTICS

Capacitors with ALD insulators deposited at low pamatures showed very
good electrical characteristics. The leakage ctidensities were below 10
pA/mn? for aluminum oxide films deposited at 200°C at fisldengths up
to 3 MV/cm. Such aluminum oxide films, however, feoéd from non-
reversible dielectric breakdown in the field of M¥/cm.
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Figure 3. DC leakage of aluminum oxide films deposi
and leakage characteristics for films deposited at

(right)

For the ALO,-TiO, nanolaminates, the leakage current density incdease
significantly when the TiQcontent was increased. However, the merit of
the nanolaminates was that they tolerated heavyrelal stressing (power)
prior to non-reversible breakdown.
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Figure 4. The leakage currents for Al ,04-TiO, nanolaminates of
varying titanium content (left) and device area (ri ~ ght). The devices
did not break down at current restriction condition s.

CONCLUSION

The results show that fabricating capacitors ugkdp thin films as the
insulator is an excellent way to achieve high dyatievices at low
temperature. The low leakage current of aluminiwit® promotes its use
in high performance capacitors over large effectis@ea while
nanolaminates are able to short energetic peakeuifailure.



