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Ferroelectric RAM (FERAM) & FeFET Architecture

Hafnium Oxide (HfO2) Sub-Nanosecond Polarization Switching, 10712 Cycling Endurance, and DRAM Elimination

EXECUTIVE ABSTRACT: For four decades, universal memory was held back by perovskite ferroelectrics that degraded silicon
foundries and collapsed below 50nm. The kinetic stabilization of non-centrosymmetric orthorhombic phase (Pca2_1) in doped
hafnium oxide enables 1.5nm-thick ferroelectric gates. Unlike destructive 1T-1C FeRAM, 1T FeFETs achieve non-destructive
threshold voltage modulation (Delta V_th ~1.2V), sub-nanosecond reads, zero refresh power, and >10"12 cycle
endurance—positioning FEFET as the primary successor to DRAM and SRAM.
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Infinite (> 10"16) Infinite (> 10"16) 10710 to 10712 Cycles (Expanding)

1. The 40-Year Perovskite Trap and the Hafnium Oxide Breakthrough

Early ferroelectric memories relied on Lead Zirconate Titanate (Pb[ZrxTi1l-x]O3 / PZT) and Strontium Bismuth Tantalate (SBT). While
offering high polarization, perovskites introduced fatal manufacturing roadblocks: lead and bismuth poisoned CMOS front-end-of-line
cleanrooms, hydrogen forming gas reduced metal ions during backend annealing, and internal depolarization fields caused spontaneous
polarization collapse below 50nm film thickness.

In 2011, researchers identified robust nanoscale ferroelectricity in silicon-doped hafnium oxide (HfO2). Because hafnium oxide is the
standard high-k dielectric already present in every leading-edge foundry since 45nm, atomic layer deposition (ALD) lines integrate HZO
seamlessly into 3nm and 2nm Gate-All-Around (GAA) nanosheets.
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2. Crystallographic Polarization: Stabilizing the Orthorhombic Pca2_1 Phase

Bulk HfO2 crystallizes into a centrosymmetric monoclinic phase (P2_1/c) with zero net electrical dipole. To induce ferroelectricity, foundries
stabilize a metastable orthorhombic fluorite phase (Pca2_1) through three synergistic mechanisms: (1) Isovalent dopant engineering using
Zirconium (Hf0.5Zr0.502 / HZO), Silicon, or Lanthanum; (2) Mechanical in-plane tensile stress imposed by Titanium Nitride (TiN) capping
electrodes during rapid thermal annealing (400-600°C); and (3) Nanoscale grain size confinement below 10nm.

Under an external electric field, oxygen anions displace along the c-axis relative to hafnium cations, generating remanent polarization (Pr)
between 15 and 35 microcoulombs per cm”2 that switches stably within 100 picoseconds.

3. 1T FeFET Non-Destructive Readout vs. 1T-1C Destructive Access

In a classic 1T-1C FeRAM cell, reading stored data requires applying a voltage pulse that physically flips polarization dipoles in opposing
states, destroying the stored bit and demanding an immediate write-back cycle. This write-back introduces bus latency, burns energy, and
exhausts capacitor endurance.

In contrast, the Ferroelectric Field-Effect Transistor (FeFET) integrates the ferroelectric layer directly into the transistor gate dielectric.
Dipole orientation modulates the inversion channel's threshold voltage (Delta Vth ~ 0.8V to 1.5V). Readout is performed by sensing
drain-source channel current without disturbing gate dipole polarization—delivering pure non-destructive execution memory.
CRITICAL MICROARCHITECTURAL TAKEAWAYS & PRODUCTION GUIDELINES
 Hafnium oxide requires nanoscale thinning (1.5nm - 5nm) to maximize ferroelectric polarization, scaling directly into 2nm GAA nanosheets.
* 1T FeFET eliminates 64ms DRAM refresh cycles completely, saving up to 25% of server idle power in modern datacenters.

* Closed-loop electric burn-in pulses overcome the initial 'wake-up' phase, stabilizing domain depinning prior to deployment.

» Atomic interlayer scavenging (Al203 / TiOx) suppresses gate charge injection, extending cycling endurance past 10"12 cycles.
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