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Abstract: In this paper, reliability of the two sandwiched MIM capacitors of Al:QOs;-HfO.,-Al:O; (AHA)
and Si0,-Hf0,-Si0; (SHS) with hafnium-based dielectrics was analyzed using two kinds of voltage
stress; DC and AC voltage stresses. Two MIM capacitors have high capacitance density (8.1 fF/um’ and
5.2 fF/um®) over the entire frequency range and low leakage current density of ~1 nA/cm’ at room
temperature and 1 V. The charge trapping in the dielectric shows that the relative variation of
capacitance (AC/Cy) increases and the variation of voltage linearity (a/ayp) gradually decreases with
stress-time under two types of voltage stress. It is also shown that DC voltage stress induced greater
variation of capacitance density and voltage linearity than AC voltage stress.
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MIM  (Metal-Insulator-Metal) 73| A|El= RF
(radio frequency), AMS (analog mixed signal) 2| &
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E4E, d&g B9 2 AsN"EZ, €3 AAA
(thermal stability), 5 M=% (wide band gap) 5
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Aot [11]. AT o]d 2 HHE&E EFEL A4 4
A3 Alol9] Aol ZH (defect)o] B2 + 7]
Fol ojxde] YurH o2 ALRHE Si0 EE SisNg
A H3) H71H 2E#2o] @ ¥L quadratic
VCC (voltage coefficient of capacitance)®t 242}2]
A 540 d31E JEdY. o83 SHEL &
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Ao AGE & F A7) W #A71H 2EH 20

€ 279 A Adtel did A £4o] a3
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DC stressollA] o] Fojx 3 QA AA =29 FZ
< ¥ E dynamic stressol QS Bo] 7] W
olty, A AEHA FFH wE A MM A
HAE 9 54 ¥sld g Bue uFH Aol

£ =894t /44 4 5 98 HE5H2 ¢l
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2. oY Y

22 AZ BAHE 23 19 HF3HA e
MIM 74 AE= 8UA p-type AEE 7]HH A
23kt SHSY ¢ 48& dol% ¢l 500 nm
F7A9 Si0; & A2 1 Yo TiNG F339
bottom H=& FA3}AD. o2 ALD (atomic
layer deposition)E ©] €34 300TC|A SiO: (3 nm)

500nm SiO, deposited on silicon substrate

TiN film was deposited as bottom electrode

Dielectric film deposited using ALD at 300°C
(SHS : 3/4/3nm, AHA : 2/11/2nm)

TiN film was deposited as top electrode

Annealing process at 420°C, 30min

Fig. 1. Process flow for experiment.
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Fig. 2. Two kinds of voltage stress are applied to
analyze the dependence of capacitance variation on stress
type. (a) DC voltage stress and (b) AC voltage stress.
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Fig. 3. Capacitance density of the sandwiched MIM
capacitors as a function of frequency [11].
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Fig. 4. (a) Leakage current versus applied bias, and (b)
leakage current versus electric field for two sandwiched
MIM capacitors. Electric field in (b) was obtained by
dividing the applied bias in (a) by the effective thickness
of dielectrics expressed as (1) and (2).
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RF ¥ AMS 3|20 MIM 7isjA|E{ & #&3}=d o
Hafol He F8F AE F 347t VCC (voltage
coefficient of capacitance)o]t. MIM 7 3} A] € €]
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Fig. 5. Variation of capacitance density for two sandwiched
MIM capacitors as a function of DC stress time.
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Fig. 6. Comparison of the relative variation of capacitance
density for two sandwiched MIM capacitors under DC

and AC stresses (solid : DC stress, open @ AC stress).
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Fig. 7. Varation of VCC for two sandwiched MIM
capacitors as a function of stress time under DC and AC
stresses (solid : DC stress, open : AC stress).
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