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Abstract

Ferroelectric Random Access Memory (FeRAM) is the most promising non-volatile memory for contactless operation of
mobile networking tools in view of its innovative features such as low voltage and high-speed write operation. Higher-density
FeRAM is one of the key devices of the mobile high-secure 1C which must be able to store and process a large amount of encryption data
at high speed with low power supply. We have developed the world's first embedded FeRAM with three-dimensional (3D) capacitor cell
structure, which enables shrinking the capacitor cell size to a quarter of the size of conventional cells. In order to improve the stored charge
of the 3D capacitor, we employed Metal Organic Chemical Vapor Deposition (MOCVD) technology for controlling the ferroelectric film
composition inside the 3D holes, and glue layer formation technology for preventing Pt electrode migration. In addition, the trench-shaped
hydrogen barrier structure which prevented reduction of the ferroelectric film during hydrogen-atmosphere annealing enabled the realization
of full logic compatibility. The FeRAM embedded system LSI which has been fabricated by using Lead (Pb)-free ferroelectric film operates
at a low voltage of 1.3 V, and has no degradation of the minimum operating voltage after endurance cycles of up to 10° read/write

operations.
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Fig. 1 Schematic illustrations of FeRAM operation
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Fig. 2 Schematic cross-sectional view of FeRAM cell, (a) newly
developed structure and (b) conventional structure
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Table 1 Process features of newly developed FERAM and conventional

FeRAM
Newly developed Conventional
Capacitor structure 3D-stack Planar-stack
Cell size 15um?2 52 m?2
Capacitor size 060 m? 1.30y m2

Ferroelectric film Bi-based (Lead-Free)
Hydrogen barrier | Completely encapsulated

SrBi;Tay0q (Lead-Free)

L Completely encapsulated
structure by jointing at trench

Voltage 15V 18V
Cell architecture | Capacitor over bit line | Capacitor under bit line
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Fig. 3 Cross-sectional SEM (Scanning Electron Microscope) image of
fabricated FeRAM embedded system LSI
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Fig. 5 Cross-sectional TEM image of 3-D capacitor, and Bi composition
of ferroelectric film before and after optimizing MOCVD process
condition
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Fig. 6 Polarization characteristics of 3-D capacitors before and after
optimizing MOCVD process condition
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Fig. 7 Cross-sectional SEM images of bottom electrode after annealing,
(a) with glue layer and (b) without glue layer
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Fig. 8 Hysteresis loops of 3-D capacitors, (a) with glue layer and (b)
without glue layer
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Fig. 9 Schematic cross-sectional view of hydrogen barrier, (a) newly
developed structure and (b) conventional structure
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Fig. 10 Electrical properties of 3D-capacitor compared before and after H,
sintering

I4. goooboooobogon

obobobobobobOobOrRAMODOODOODO
LSiooooooooooooo

gobooboooboboooboz2oo0boo0boooobogz
goboooboooooooobo2r2cOOD0OonooOn



gooooooooooooowsiogddreRAMO ODOOOOOCOODOOO

89

gbobooooobobobooboNnoboboboo
g0oooOo10ooboboobuob0ob0UDUswd
gboooobobooobooobobooonooo
goboobobooobooboboooboobobooo
gbooooobooooboooboooovyovioobboo
ooooboobooavOd=Vy-vyOoouoobooooo
gooooobobbooboooooooooboobooboboobo
odovoOooooobooboboooboobbooooo
gooooooon

Bit line Bit line
Word -~ ?
ine T T B
"-I_\:Lc _d_\_‘ st - W
CiEzf ET.C2 Sensing
Cell plate = av
line P o T .

Bl, /Bl /BI

0110 21200 00000O0COOOOOO

Fig. 11 Schematic illustration of 2T2C cell configuration and read-out
operation
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read/write cycles
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