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ALD System at IMB-CNM Film CharacterizationALD System at IMB CNM
Film Blistering

Film Characterization
Atomic Layer Deposition: technique based on the sequential production

Film Blistering 
High temperature processes after the deposition of a high-ky p q q p

of self-limiting gas-solid reactions, achieved by the alternating exposition of the Physical Characterization
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layer on silicon substrates can lead to the blistering of the
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substrate to the chemically tailored gas phase precursors.
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ALD system at CNM:  Thermal ALD Savannah 200, Cambridge  Nanotech. Al2O3 grown with TMA + O3
10 nm HfO2
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Blisters in Al Al O SiBlisters in Al-Al2O3-Si

TiO2 : TDMAT + H2O or O3 UHR-TEM Image

Nanolaminates
AFM results

Nanolaminates Layer Thickness is measured by ellypsometry and/or
interferometry

Growth Kinetics at T = 200ºC on Silicon
SEM Image of a FIB-cut

interferometry.
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Electrical Characterization
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properties of high-k layers is evaluated by means of measurement and analysis of Capacitance-
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properties of high k layers is evaluated by means of measurement and analysis of Capacitance
Voltage and Current-Voltage characteristics of metal gate MIS structures.

10
15
20

T
hi

c 2
TDMAH+H2O

GPC=0 09 nm/cy 10
15
20

Th
ic TDMAT+H2O

GPC 0 04 /
Effect of a PDA on HfO2Al-gate MIS structures 

HRTEM Image0
5

10 GPC=0.09 nm/cy
5

10 GPC=0.04 nm/cy
2.8E-09

Al2O310 nm- thick layers 10 nm – ALD HfO2HRTEM Image0
0 100 200 300 400 500

f

0
0 200 400 600 800 1000 1200

N b f l 2 0E-09

2.4E-09
Al2O3

HfO2

Nanolaminate

10 nm thick layers

in
. w/o PDA

10 nm ALD HfO2

Number of cycles Number of cycles
1.6E-09

2.0E-09

e 
(F

)

EOT (nm) 30
 m

w PDA

R i ti S it hi f RRAM li ti
1.2E-09

pa
ci

ta
nc

e EOT (nm)
6.3
3.2 fo

r 3

w. PDA

Resistive Switching for RRAM applications 8.0E-10C
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Electrically programmable Resistive Random Access Memories (RRAM) based on
t l i l t t l (MIM) fi ti id d i i did t f
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next generation non-volatile memory devices, because of their fast operation speed,
low power consumption high scalability and high density 3 D integration The insets show the fitting of al
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low power consumption, high scalability and high density 3-D integration. The insets show the fitting of 
the Poole-Frenkel field-
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At IMB-CNM MIS and MIM capacitors based on ALD dielectrics are fabricated and the
dependent characteristics 
and the calculated trap D
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At IMB-CNM, MIS and MIM capacitors based on ALD dielectrics are fabricated, and the
statistical physics the impact of the processing conditions and electrode/dielectric

p
energy levels. PDstatistical physics, the impact of the processing conditions and electrode/dielectric

material combinations on the switching properties are investigated.material combinations on the switching properties are investigated.

Ni/HfO2-based Resistive Switching Structures
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The analysis of the electrical degradation of the layers is performed by measuring
MIS structures after applying electrical stress. Pre-existing electrically active defects,
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Al-gate MIS structures, 6nm-thick Al2O3
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Unipolar resistive-switching during set and reset. Evolution of Ion and Ioff at fixed bias during cycling.
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Vset and Vreset as a function of cycles.
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I–VG characteristics after CVS at several stressing voltages 
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Random Telegraph Noise (RTN) in the high resistive state.
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High-k films for  MEMS Applications

The radiation-hardness of the ALD high-k dielectric layers is assessed by means of
l t i l h t i ti f i di t d MIS t t Th it lt d

g pp
electrical characterization of irradiated MIS structures. The capacitance-voltage and

t lt h t i ti f th diff t t t l d f ti f HfO2 for silicon micromachining Conformal coverage of 3D Structurescurrent-voltage characteristics of the different structures are analyzed as a function of
irradiation dose paying special attention to the study of the effective trapped charges

HfO2 for silicon micromachining Conformal coverage of 3D Structures

irradiation dose paying special attention to the study of the effective trapped charges,
generation of interface states presence of hysteresis and electrical conduction 10 nm-thick HfO2generation of interface states, presence of hysteresis and electrical conduction
through the layers The interaction between radiation-induced and electrically-induced

layers withstand 4 h 
in KOH or TMA

50 nm-thick
Al O lthrough the layers. The interaction between radiation-induced and electrically-induced

damages as well as potential recovery processes are also of interest
in KOH or TMA Al2O3 layer

damages, as well as potential recovery processes are also of interest.
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