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Domain of applications

• MIM  CAPACITORS

– Metal-Insulator-Metal (MIM) capacitors in

• radio frequency (RF) circuits 

• analog integrated circuits (ICs)

• microprocessor units (MPUs)

• dynamic random access memory (DRAM) cells 

Source: sematech, application of MIM capacitor, August 31, 2000

MIM capacitor advantages and applications
High linearity and dynamic range 

Reducing the coupling of high frequency noise 

(Digital/Analog circuit region)

Decoupling capacitor

Oscillators and phase-shift networks

Coupling capacitance and bypass capacitance



MIM capacitors Ta2O5 high-K

P.O.R. 

diluted HF

+  high 

velocity spray

Al undercut

Polymers left

&/or Al undercut

P.O.R.

• Remove resilient Ta, Zr, Hf  based 

PER created during plasma etching 

• Hinder Al, Cu metal attack

• Prevent surface contamination

Cleaning Process Challenges for 

High-K-based  Devices

AlCu PAD on TaN barrier
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Solutions DHF w/wth
Nanospray

TMAH based
stripper

HF/H2SO4 SAC Standard 
Al/Cu PER

Equipment SWU Raider Zeta MP3001 Spray batch

Al undercut nm 10-70 N/A ~ 100 OK OK

comment Cleaning mostly by 
physical action w/ limited 
efficiency

high Al attack TaO2 residues 
untouched

TaO2 residues 
untouched

HF only

immersion

Spin dry

HF + NS

Current State of the Art
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NEED SOMETHING ELSE



Ta rich Residues 

 barely attacked by 

conventional chemicals

Std Ti, Al based PER residues 

 removed

Removing Ta/Zr/Hf based PER requires HF-based system 

BUT

Need to control metal, oxide, and dielectric attack in HF

High-k PER Cleaning Conundrum

The Challenge is to tailor and control  HF activity:

to concurrently address amorphous HK dissolution 

and prevent Al attack



Genesis of the Solution 

--HfO2 dissolution in HF--

T 25°C  [HF] at 0.05M

ER measurements in 0.05M, 25°C of HfO2 (as deposited) and 

thermal SiO2 (after dry etch)

Source: Solid State Phenomena Vols. 103-104 (2005) pp 97-102 

HfO2 etch rate depending on:

- pH solution

- Crystallography 
- (Amorphous, post annealed, post dry etch)

- Material selectivity depending on co-solvent



Genesis of the Solution 

--HfO2 dissolution in HF--

T 25°C  [HF] at 0.05M

ER measurements in 0.05M, 25°C of HfO2 (as deposited) and 

thermal SiO2 (after dry etch)

Source: Solid State Phenomena Vols. 103-104 (2005) pp 97-102 

Amorphous HfO2 = test vehicle 

for Ta / Zr / Hf etch polymers 

study



Genesis of the Solution 

--Al and AlFx salt solubility in highly acidic media--

AlF3,  AlF2
+

, AlF2+ are poorly soluble 

in anhydrous media. 

Source: Geochimica et Cosmochimica Acta

Volume 75, Issue 16, 15 August 2011, Pages 4476-4489

2Al+6HF= 2AlF3 +3H2 

Aluminum is corroded in usual aqueous HF, but it is inhibited in 

anhydrous acid (80%-95%)

Source- ALUMINUM AND SULFUR IMPURITIES IN ELECTROPOLISHING BATHS* 
A. Aspart, F. Eozénou, C. Antoine

CEA-Saclay, DSM/DAPNIA/SACM - 91191 Gif/Yvette - FRANCE. 

HF H2SO4

H2SO4 + HF



HF-based formulation development: 
Aqueous HF Solutions

A series of aqueous hydrofluoric acid solutions of 1% initial concentration across a pH range ~1-6 

by addition of HCl and NH3. 

The etch rates of Al and HfO2 vs. pH and [fluoride] 

 Al etch increases with  aqueous [HF]

 Al & High k etch rate:

• highly influenced by pH

• = f ( non ionic species HF & H2F2 concentrations ) 
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HF-based formulation development: 
Strong acidified aqueous HF Solutions

Increasing up to 10 mol/L the proton concentration in the HF 

solution (pH -1), through the use of a strong concentrated acid 

(pKa <<0), yields interesting and useful behavior on Al and high 

K materials 

• ER (HfO2 ) increases • ER(Al) drastically reduces

• Strong acid counter-ions are 

also playing a role in AlFx salt 

dissolution mechanism at 

negative pH



HF-based formulation development: 
Strong acidified aqueous HF Solutions

Tafel plot of pure Al in 1% HF at 2 pH levels

Better Al protection at high [proton] concentration

 Anodic branch -> diffusion limited

Potential sign of formation of 

protective layer or less soluble AlFx+/A-

species (low transport kinetic in the 

double layer) at low pH.



HF-based formulation development: 
Strong acidified aqueous HF Solutions

Tafel plot of pure Al in 1% HF at 2 pH levels

 Anodic branch -> diffusion limited

Potential sign of formation of 

protective layer or less soluble AlFx+/A-

species (low transport kinetic in the 

double layer) at low pH.

Developed a strong acidic blend addressing: 

Low heat generation during mixing and water rinse
Good surface wetting attributes and rinsing
Capability to be mixed with organic solvents/additives



The co-solvent need to prevent HF dissociation

Co-solvent to optimize water ratio and limit strong 
acid content

Water conc. acid

H
F

W
ate

r

conc.
acid

H
FAprotic solvent

Standard approach TechniClean IK73 alternative
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HF-Solvent
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Solvent

Co-solvent to optimize water ratio and limit strong 
acid content

Anhydrous solution  no etch

Surface hydration required to 

initiate dissolution

- low ER in acidified HF + 

solvent < 20nm/min

- Aqueous HF (no 

solvent) ER120 nm/min !

At low water content, HfO2 / Al 
selectivity markedly increases 

Water conc. acid

H
F

W
ate

r

conc.
acid

H
FAprotic solvent



TechniClean IK 73 

PER cleaning performance

Semi fab results



Before cleaning

TechniClean IK 73 
1min30 @ 20C

Al PAD on TaN barrier

TechniClean IK 73

CLEAN



TechniClean IK 73

After Dry etch

CLEAN

3 min IK 73 room temp HF BASED POR

MIM capacitors Ta2O5 high K

3 min IK73 room temp

TechniClean IK 73

Validated on ZrO2, HfO2, Ta2O5
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1E+07

1E+08

1E+09

1E+10

1E+11

Al Ca Co Cr Cu Fe K Mg Mn Na Ni V Zn

initial 18s 1min LLD

TechniClean IK 73

FEOL/MEOL Manufacturing Compatible 

MRE

Surface Cleanliness level  (TXRF)

- No metal deposition on bare Si  excellent complexation

- Surface metal cleaning properties

- Aligned  with manufacturing specifications



Conclusion

- A ready-to-use solution for a large variety of PER

- MIM cap with High K ( Ta, Hf, Zr,…)

- Easy to work with, reclaimable, RT, water rinse, not 

flammable, not CMR…

- Complementary investigations on Al/Cu, Cu, Si P-RIE

M. Cazes, C. Pizzetti 
L. Gabette, P. Besson

Dr. L. Broussous, P. Garnier


