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Abstract 
Lower leakage at low EOT is a requirement for DRAM application. High-k materials such as TiO2 have shown low EOT 
(3.5A-4A) but suffer from small band gap and high leakage1. Ferroelectric/antiferroelectric HfZrO4 films have shown 
high-k at 10nm but as the films are scaled, the dielectric properties of the films decrease2,3. The key to low EOT is to find 
a material with high-k at 5 nm or sub-5nm thickness with low leakage. In the present study, HfZrO4 films were fabricated 
with HOOH and metal organic precursors which demonstrate very high-k (~88) at 5 nm thickness with TiN and W 
electrodes in metal-insulator-metal (MIM) device structure. 

 
Experimental 
Metal-Insulator-Metal were fabricated with HfZrO4 thin films. 5nm HfZrO4 was grown by ALD on sputtered TiN and W 
substrates at 275 °C using tetrakis(dimethylamino)hafnium (TDMAH), tetrakis(dimethylamino)zirconium (TDMAZ) and 
H2O2. HfZrO4 thickness was determined by cross-sectional TEM and were between 5.0 and 5.5 nm. TiN and W electrodes 
were deposited by magnetron sputtering. Top electrodes were patterned by photolithography. Samples were annealed in 
N2 at 600°C for 2 minutes. Control samples with H2O were also fabricated for comparison with TiN and W electrodes 
The fabricated devices were characterized using Keithley 4200A parameter analyzer. 
 
Results and Discussion 
Fig 1 shows the C-V measurements for HfZrO4 films deposited with HOOH. Control samples made with H2O were used 
for comparison. For HfZrO4 using HOOH with TiN electrodes, there are 4 switching peaks in the C-V consistent with 
presence of the AFE phase (Fig. 1a). HZO with 1:1 Hf:Zr ratio is known to show FE switching; however, use of HOOH 
precursor may lead to Ti diffusion from TiN substrate into the HZO film. Small amounts of Ti are known to stabilize the 
AFE phase in HZO4. To study the impact of metal electrodes, samples with sputtered W electrodes were fabricated since 
W is known to show enhanced FE/AFE switching in HZO films. Undoped HZO with 1:1 Hf:Zr and W electrodes grown 
with HOOH (Fig 1b) shows only FE switching and no AFE switching.  
When using HOOH, both the samples with TiN and W electrodes show record high capacitance for 5 nm films (> 10 
µF/cm2). HfZrO4 films in ferroelectrics literature show a wide range of k values. Extrinsic contributions to k value from 
domain walls play an important role. A higher vol% of domain walls may be key to the extremely high-k observed in 
films fabricated using HOOH vs H2O. TEM will be performed to verify this hypothesis.  Fig 2 shows suppressed 
polarization in domain walls which are very susceptible to eternal stimuli and thus show high permittivity 
For DRAM application, it essential to have high-k near 0V. Fig 3 (a) shows a high-k benchmark of existing HfZrO4 high-
k literature. k@0V was extracted from C-V measurement. Both devices fabricated using HOOH show record high-k at 
(~58 with TiN, ~88 with W) 5 nm thickness which results in ultra-low EOT of ~3.5 A with TiN and ~2.5 A with W.  
Fig 4. shows the leakage data. The sample with W electrode shows higher leakage in comparison with samples with TiN 
electrodes. This may be in part due to higher crystallinity in HfZrO4 imparted by the W electrodes since major leakage 
pathway in crystalline HfZrO4 thin films is grain boundaries. 
 
Conclusion 
HOOH is shown to be an excellent ALD precursor for growing high-k HfZrO4 films. Films made with HOOH show a 2x 
boost in capacitance compared to films made with H2O. This enables for ultra-low EOT films. These films are promising 
for next gen low-power high-density memory application. 
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(a) (b) 

Fig 1 C-V: (a) MIM capacitors with TiN electrodes. 
Thicknesses were 5.0 nm (HOOH) and 5.5 nm (H2O) (b) 
MIM capacitors with W electrodes. HfZrO4 films fabricated 
with HOOH show a ~2x boost in capacitance over films made 
with H2O.  Thicknesses were 5.0 nm (HOOH) and 5.5 
nm(H2O) 
 

(a) (b) 

Fig 3 Benchmarking: (a) EOT @0V vs HfZrO4 thickness. (b) 
k @0V vs HfZrO4 thickness. Record low EOT and high-k 
value HfZrO4 sample fabricated using HOOH.    

Fig 2 domain wall permittivity: model showing 
suppressed polarization in domain walls exhibit high 
permittivity. 

Fig 4 leakage: Higher leakage with W electrodes 
(orange) compared to TiN electrodes (blue)  may be 
through grain boundaries. 
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