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INTRODUCTIONINTRODUCTION

DRAM “periphery transistors”: 
MOSFET used in the DRAM peripheral MOSFET used in the DRAM peripheral 
circuitry e.g. 
• Sense amplifiers
• Address decoders,
• High voltage applications

DRAM “periphery transistors”
are formed before the DRAM cell 
process.
Therefore they experience the high 
h l b d  l d h  DRAM ll thermal budget related the DRAM cell 

process.
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source: S.Y. Cha, “DRAM Technology - History & Challenges” @ IEDM 2011 short courses for more details 



INTRODUCTIONINTRODUCTION

Compared to logic applications, DRAM Periphery devices have more Compared to logic applications, DRAM Periphery devices have more 
relaxed device specifications (LG, EOT)

Required performance similar to that of logic transistors, but 
with a number of additional challenges to be tacked: low power low 
leakages (low IOFF and JG mandatory)

HKMG is needed for future technologies to sustain the performance
Stacks surviving the aggressive anneal needed in a DRAM 

process (before silicidation, typically several hours above 600C)
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Ref: S.Y. Cha, “DRAM Technology - History & Challenges” @ IEDM 2011 short courses for more details 
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INVESTIGATED SAMPLES

Reference
Al2O3 below HfO2

5 nm PVD TiN

Al2O3 above HfO2

5 nm PVD TiN

1 2nm SiO2

2nm HfO2

5 nm PVD TiN

0.5 nm Al2O3
1.2nm SiO2

2nm HfO2

1.2nm SiO2

2nm HfO2

0.5 nm Al2O3

Si

1.2nm SiO2

EOT~11.7 A

Si

1.2nm SiO2

EOT~12.7A

Si

EOT~ 13.3 A

Al2O3 capping is used in pMOSFETs for  Vth adjustment
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THRESHOLD VOLTAGE SHIFT AND 
LEAKAGELEAKAGE
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~200mV Vth shift using Al2O3
independently of the capping location.

Lower EOT and higher IG for AL2O3
below HfO2.

Probably intermixing with the SiO2
interfacial layer and K value change and
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interfacial layer and K value change and
Si/SiO2 energy offset change.



PERFORMANCES
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• Higher EOT and lower mobility translate into lower ON current at fixed 
VTH (trade-off between mobility and VTH shift)
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• No difference for capping above or below high-k



I. Introduction

II. Samples description

III. Performances

IV. Defects characterization (noise and CP)

V Reliability (NBTI)V. Reliability (NBTI)

VI. Conclusions

10

© IMEC 2013 

MARC AOULAICHE



LOW FREQUENCY NOISE
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– i.e., trapping in the gate oxide.



LOW FREQUENCY NOISE
Trap profiles
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The trap profiles close to the valence band seem to be more sensitive to the 
additional cap layers.

Trap Depth (nm)

[1]G. Ghibaudo, et .al. “Improved analysis of low frequency noise in field-effect MOS transistors,” phys. stat. sol. (a), vol. 174, pp. 571-581, 1991.
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VARIABLE FREQUENCY CHARGE 
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A slightly higher defects density in the SiO2 interfacial layer for Al2O3 below HfO2
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A slightly higher defects density in the SiO2 interfacial layer for Al2O3 below HfO2
M.Cho et al.“Study of the Reliability Impact of Chlorine Precursor Residues in Thin Atomic-Layer-Deposited HfO2 Layers” IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 54, NO. 4, 2007



IMPACT OF  Al2O3 LOCATION:
BOTTOM OR TOP OF HfOBOTTOM OR TOP OF HfO2
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Trap profile follows the expected Al diffusion
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NBTI IN DRAM PERIPHERAL 
DEVICESDEVICES

SiO2

• Interface defects and bulk defects induce  a 
Vth shift during the stress.
• ∆Vth kinetics obeys a power law time
d d V E EOT (t )

- VG

High-k dependence on VG,  Eox, EOT (tox)
• Thermally activated
• Bulk defects impact on the ∆Vth
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E

kinetics.
• Device lifetime is extrapolated for a 
given ∆Vth (design specifications)
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Higher density of bulk defects lower time exponent



FIELD ACCELERATION
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DVTH RELAXATION
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• Faster Vth recovery for Al2O3 above HfO2
• Relaxation for t >1ms is more sensitive to slow traps (farther from the interface)
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Relaxation for t 1ms is more sensitive to slow traps (farther from the interface)



NBTI LIFETIME EXTRAPOLATION
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NBTI is slightly degraded  when Al2O3 in incorporated either below or above 
HfO2



NBTI LIFETIME EXTRAPOLATION
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CONCLUSIONS

• The defect density profiles from the low frequency
noise and charge pumping current are in agreementnoise and charge pumping current are in agreement
with what can be expected from traps related to Al
diffusion.

The higher peak density of traps is at the location
where the Al2O3 cap is inserted.

I d l k d d d LF i f• Increased leakage current and reduced LF noise for
Al2O3 below HfO2 .

• NBTI is slightly degraded when Al O in incorporated• NBTI is slightly degraded when Al2O3 in incorporated
either below or on top of HfO2 compared to the
reference.
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