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    HfxZr1-xO2-based ferroelectric materials have received much attention since 2011 due to its good 

compatibility with CMOS technology [1]. Large remnant polarization (Pr) is one of the most important 

factors to improve ferroelectric device performance such as FeRAM, FeFET. There are several reports that 

nanolaminate structure consisted of HfO2 and ZrO2 can make higher Pr value than HZO solid solution [2, 3]. 

In this report, we investigated the dependence of a seed layer to improve the performance of an MFM 

capacitor composed of a HZO nanolaminate structure and tungsten (W) electrodes. To make MFM capacitors, 

at first, the W bottom electrode is deposited on n+ Si substrate by sputtering. To confirm the effect of seed 

layers, 1-nm HfO2 or ZrO2 seed layer is deposited on the W bottom electrode as shown in Fig. 1(a). Then, 

HfO2 and ZrO2 were alternately deposited by 1 nm thickness respectively using ALD (Atomic Layer 

Deposition) and the total thickness of the HZO layer is 11 nm. Finally, the W top electrode was stacked on the 

HZO layer. To confirm the P–E characteristics of MFM capacitors, P–E curves were measured after 

annealing process using RTA (Rapid Thermal Annealing) (Fig. 1(b)). The ZrO2 seed layer has a greater Pr 

value than the HfO2 seed layer at all RTA temperatures (Fig. 1(c)). This HZO nanolaminate structure with 

ZrO2 seed on W electrode is promising solution to achieve high Pr for future ferroelectric devices. 

Z seed (1nm)
W (50nm)

W (50nm)

HfO2 (1nm)
ZrO2 (1nm)

HfO2 (1nm)
ZrO2 (1nm)

10nm

W (50nm)

W (50nm)

H seed (1nm)
ZrO2 (1nm)

HfO2 (1nm)
ZrO2 (1nm)

10nm
HfO2 (1nm)

-2 0 2
-40

-20

0

20

40

P
ol

ar
iz

at
io

n 
(µ

C
/c

m
2 )

Electric Field (MV/cm)

 ZrO2 seed layer
 HfO2 seed layer

450 500 550
15

20

25

P
r (
µ

C
/c

m
2 )

 ZrO2 seed layer
 HfO2 seed layer

RTA temperature (˚C)  
(a) (b) (c) 

Fig. 1. (a) Structures of MFM capacitors, (b) P–E curves with ZrO2 or HfO2 seed layer, (c) Pr with ZrO2 or HfO2 seed layer 
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