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ALD reactors at MRC – Savannah-100 

Savannah-100 Cambridge ALD (2007) 
• Precursors – as Nov 2012 
0= water 1= trimethyl Al 
(TMA). RT 
2=  MgO- amidinate (2-28-
10) 3= BeO (Liquid 2-6-12) 
Pattent 4=  tetrakis(dimethyla
mino) Hf TDMHf. 115C. - 
0.97A/cycle 
5=  ammonia gas 
• N2 carrier 

 

Presenter
Presentation Notes
First tool installed a beta tool from cambridge Intruments.We had to installed an inclosure on top of the processing chamber in case of chlorine gas threat.We also add a temperature controller in addition of the software temperature controller that we found not accurate enough.We started with AlO2 by pulsing alternatively water and TMA under a 200mTorr pressure obtained by flowing 20sccm of N2 carrier.Most of our films are performed with a chamber at 250C.We also developed MgO films with cyclopentadienyl-based source. We are switching to an amidinate (carbon-free source) and booster now.
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ALD reactors at MRC – Savannah-xxx 

Savannah Cambridge ALD (2009) 
0=  water 1=  Al – 
0.92A/cycle 2=  Hf 3=  La -150C 
Pure La2O3 absorbs moisture 
quickly, so LaAlO is prefered. 
4=  Zr. 73C - 0.9A/cycle ZrO2 did 
not form good interface with III-V. 
ZrAlO was prefered instead. 
5=  ammonia  
• N2 carrier 

 

Presenter
Presentation Notes
This tool had been acquired to developed  gate dielectric on III-V material (InP substrate).Different dielectric compound add been tested with La2O3 and ZrO2.
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ALD reactors at MRC - Fiji 

Fiji ALD Cambridge (2010) 
• Precursors: 
0= water 1= Al 2= Ti (TDMAT) - 
75C 
3= Hafnium (TDMHf) -115C 
4= Empty. (Set up for low vapor 
pressure precursor, w/ extra 
carrier gas input) 
• ICP RF plasma assisted source 

gases: Ar, N2, H2, NH3, O2 
• Ozone generator 
• Ar carrier 

 

 

Presenter
Presentation Notes
Most advanced ALD wit, LL, ozone generator and ICP plasma source
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Al2O3 on Si 
o Precursors : H2O/TMA  
o Chamber temperature: 250/200 °C 
o Substrate: lightly doped p-Si (10-20 

Ω·cm). HF cleaned 
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Presentation Notes
To go more in details. Not only interested by the growth rate that we characterize with ellipsometry but also with the electrical properties of the film.MOS is fabricated. We are using alternatively the H2O nad TmAl precursors, Both at RT to perform Al2O3 film with a reactor at 250C. No major deposition fluctuaction had been seen with a reactor T from 150C to 300C. – 1.01A/cycleC-V measurements are done to determine dielectric properties (thickness, dielectric constant, density charge,…).Capacitnce is measured by applying a DC bias to the substarte while performing a AC measurement. The AC signal is conducted at different frequencies. In the accumulation-negative bias-  region the majorities carriers (hole) populate the semiconductor-insulatro interface. The capacitance is maxium. The oxide thickness could also be deducein that region. 
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Al2O3 on Si: Dielectric Constant (k) 
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Dielectric constant (k) 8.4 

Cit (µF/cm2) 4.14 
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Presentation Notes
Dielectric constant of the Al2O3 (k) is inversely proportional to the slope of 1/C vs. tox 
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Al2O3 on Graphene 
   6 Å Ti interface
 15 Å Al interface
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B. Fallahazad et al, Appl. Phys. Lett. 100, 093112 (2012); 

 A nucleation layer is required for ALD of 
dielectrics on graphene 

 The nucleation layer has a significant impact on 
the dielectric constant and morphology of the 
subsequently grown ALD dielectric 

Presenter
Presentation Notes
Ultra thin high k dielectric for grahene FET. Difficulty due to the non surface reactivity of graphene. PVD dielectic demage the graphene surace. But conformal alD does not grow on graphen. A seed layer is then needed.Nucleatio layer modifies the dielctirc constant of the Al@O3 and the crystallograhyci structure (amorphous or crystaline). 6 and 12 A of ti and Al as nucleation layer where the minimum value to avoid pinholes and leakage currnet in the Al@o3 layer.
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HfO2 on Graphene 

o  Top dielectric stack 

- Interface: Oxidized Al (15Å) 

- Precursor: H2O/TEMAH  

- Chamber Temperature: 200/200 °C Dielectric Constant (k): 16 

TEMAH: Tetrakis(EthylMethylamino)Hafnium 
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ALD of AlN? 
o Precursors: TDMAA/Ammonia 
o Temperature: 200-300 C 
o Deposition rate: very low (less than 0.1Å /cycle) 
o Deposited film very leaky 

TDMAA: Tris(DimEthylAmido)Aluminum 
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Pyridine d-5 
(Solvent) Et2O 

Be(CH3)2  

Black: measured 
Red: simulated 

As-received 
Et2O 

Be(C2H5)2  

Solvent 

ALD BeO precursor synthesis 

Grinard metathesis: 
BeCl2 + 2CH3MgBr → Be(CH3)2 + 2BrCl 
Ether (solvent): C2H5OC2H5 
(very stable liquid) 

Dimethylberyllium (solid) Diethylberyllium (liquid) 

 ALD BeO precursors were successfully synthesized. 
 After multiple rounds of sublimation, ether impurities were much reduced. 

Presenter
Presentation Notes
ALD Beryllium Oxide: Gate dielectric and Efficient Interface Passivation Layer for Si, Ge and III-V Metal-Oxide-Semiconductor Devices.The high sublimation (200C) of BeCl2 commercially available preclude to use this kind of precursor in the Cambridge ALD. On the other end Beacetylactonate had a lower sublimation t (100C) but exhibit a low ractivity with water in a vapor phase.Dimethylberrilum was synthesis using the BeCl2 commercially available precursor.
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Successful Deposition of ALD BeO 

(a) Raman spectrum, (b) XPS of Be 1s, (c) XPS of C 1s. 

 From Raman and XPS, ALD BeO film is successfully deposited. 
 ALD BeO shows slightly higher carbon impurities due to low quality of synthesis. 
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TEM images of ALD BeO Film 

 As-grown ALD BeO on Si and GaAs shows high crystallinity. 
 ALD BeO shows a relatively distinct interface. 

Presenter
Presentation Notes
Thickness weremeasureed with elleipsomery at different angle over a large rnage of wave length and confiremd bt TEM>
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TEM images of ALD BeO Film 

ALD BeO on Ge substrate 

 As-grown ALD BeO on Ge shows high crystallinity. 
 ALD BeO shows a relatively distinct interface. 
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(a) Physical thickness versus EOT without/with PDA, (b) Frequency dispersion and (c) Hysteresis.  

ALD BeO shows negligible frequency dispersion and hysteresis.  
The dielectric constants of the BeO film are k = 6.5 before annealing and k = 6.8 after 
annealing. 

 The Al2O3 dielectric constant changes significantly by annealing, from k = 6.4 to 7.2.  

Fundamental electrical analysis for MOS capacitors 

TaN/BeO/p-Si (MOS) structure 
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NMOSFETs Id-Vg characteristics of SiO2/HfO2, Al2O3/HfO2, and BeO/HfO2 gate stacks. 

 With the slightly lower EOT, the BeO/HfO2 stack exhibits more positive Vth (0.66 
V), higher drive current at Vg = 2 V 
 From literature, interface charge (including interface trapped charge and interface 
fixed charge) is “+” value. So BeO IPL may reduce the interface charge and result in a 
higher threshold voltage. 

Si MOSFETs characteristics 
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Si MOSFETs characteristics 
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Id-Vd characteristics of SiO2/HfO2, Al2O3/HfO2 and BeO/HfO2 gate stacks. 

 BeO/HfO2 gate stack shows significant increased drive current compared to 
SiO2/HfO2 and Al2O3/HfO2 gate stacks. 
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BeO Al2O3 HfO2 

1.Thermal stability Better Middle Poor 

2. Eg & ΔEc 
Larger  

(10.6eV, 2.3eV) (8.5eV, <1.9eV) Lower 

3. Diffusion barrier Better Middle Poor 

4. Self-cleaning effect Better Middle Poor 

5. Structural defects lower middle Larger 

6. Orbitals No filled “P” 
orbital “P” orbital “d” orbital 

7. Thermal conductivity High Poor Poor 

Energy bandgap↑  Quantum tunneling current↓  Defect generation↓ 
Cation and Anion similar  Stacking fault energy↓  Intrinsic defects↓ 
Temperature ↑  Phonon scattering ↑  Thermal conductivity ↓ 
Bonding distance ↓  Orbital splitting ↑  Energy bandgap↑(10.6eV) 
Bonding distance ↓  Binding energy ↑ High melting point 

Conclusions 

BeO vs Al2O3 vs HfO2 
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