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Abstract Ferroelectric Polarization Mobile lons In the Polymer Experimental Results (cont.)
When studying Ferroelectric Memory cells, careful analysis « The dipoles in the polar polymer * Mobile 1ons can affect Vig even at room an lower Hysteresis Observations . No ferroelectric effect at RT-
of the direction of the hysteresis, dependence of the L - - Polymer dipoles temperature. - !

. ’ . align with the field by rotation, polarizatior + V., shift caused by mobile ions is unidirectional. The Y @ RT » Charge-trapping  from the
hystere5|s_ o the_ gate voltage ramp rate, the thickness of th_e * The rate of dipole rotation N h)fgteresis loop Is co):mter-clockwise and IS asymmet.rical o substrate side ruled out due to
polymer insulating layer, the symmetry of the hysteresis depends on the polymer, the %E} . mn: - 5| the hysteresis loop direction
curves and their dependence on the amplitude of the gate temperature and the applied field. = 10 i 2. A 100H2, no hysteresis
voltage can greatly aid in deconvolving complicated FeFET o Hysteresis is observed when v Dosi = i o - o hserved ’

(Ferroelectric Field Effect Transistor) hysteresis. - - - X OsItive 1o i ODSETVED.
dipoles partially follow the field. - = 4 1ons S - < ¢ « f > 10 Hz, charge injection
) ysteresis-free J ’
E 4 curve 0 Lo 7 from gate side is present
_ Vg + T L . '
Properties of FEFET memory cells ) : R —y—y— * Dellow 10Hz, sweep is slow
(+-)+-) H Vas (V) enough that positive mobile
based on polar polymers H:* ; Hysteresis-free oo tunnel ions start to produce their
i "o e +Ve _ * Electron tunneling own hysteresis.
Thermal budget [+ )+ -] L N e torocicfron _ dominates at shorter Y
- Scaling y i N ey Negative periods .
- Wide range of applications: flexible electronics, high ¥ - lons . Rapid iﬁcrease and then 3| /”'
performance, low power, cryogenic, etc. A counter-clockwise hysteresis loop, nearly - ' Ve the saturation at lonaer c2st /0 ﬁ
symmetrical around the ideal 1d-Vg characteristic o tong 2 ot PE
| : periods Is consistent s |/ g
Gate - Non-destructive READ Charge-trapping Experimental Results with mobile ions and AT
Ferr?ieilrﬁctric operatlon | Pol | ith hish T their reaChing of the 05 TR T
Source Drain = Memor){ meChar”Sm: by - charge injection from the Substrate: Olar po ymer wi Ig g Substrate interface. ‘:’rj 2 ‘; é T(s; 1'0 J
observation of the hysteresis o * The polymer can be poled (performing T (s)
ermoelectric FET (FeFET) In 1d-V/g characteristics Samp < write/erase) at temperatures close and
metal above T When dipOIeS can rotate |d-Vg characteristic semi-log scale —_310C
-VQ ) polymer . J' o ———— 30
: meltal QU|Ck|y. //_——/—ZSSC
N +V/g : ﬁ * AtT << T, dipoles are locked in T o
: : : ' Polymer used: CP1,  position and can hardly rotate < e -
Hysteresis Mechanisms E with Tg = 260°C | e // zsc Hysteresis  decreases
(a) (b) - 100 / —1°C with temperature and
 Polarization of the Dielectric + | /) o o —7sc - eventually — disappears
(desired mechanism) i\j d WV \\M W\ e 15 05 Ol5vg(Vo|t5)1.5 25 35— 25C just before Tg' Then
dipolar | I i 92 1 Lt 0 appears again and starts
» Charge Trapping A hysteresis loop, & NWW« o ir?freasing indicating

. . . . _ u nearly symmetrical ° ’ .

e Motion of Mobile lons in the p0|ymer|c dielectric Hysteresis-free arour?/d '[>f/']e ideal 1d- W 2800 o |d-Vg characteristic linear scale —2(1)82 that another mechanism
o 001 \ - (Ferroelectric  effect)

. . __ Vg characteristic. 6000 60000 (|{7) 600000 S 00 —285C . .
Despite many studies over the last decades!? — 9 N . / —zr0c dominates at high
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L dipoles are not anymore able to follow the applied field. 06 S 175¢
Charge injection from the gate: 120C
- i I I 0E+00-1.5 -0.5 0.5 1.5 2.5 3.5_75C
Effect of Charge stored In the e For thick polymers with low leakage current, charge Predicted rotation speed of the dipoles at RT Ve (ol 250
polymer layer injection from the gate can be ignored, since the Lo
- tunneling depth Is a logarithmic function of available Tow Conclusions
Distribution of charge in the dielectric affects Vg shift: time for injection: 3 _ _
) \/2 P2 S 1 eron e Thick polymers (90% of current literature):
t =tye* me/ 1600 e = hysteresis loop direction, position, and symmetry can
Q Loy Ox | | _ = . reveal the dominant hysteresis mechanism.
AV g = —C— O°X —p(x)dx = — Ai: Corl1_5|t(_ller, for examplet, tthat fo_r SI'OZ ttL:]nnelllrg)g dept? for ° igj * Thin polymers (more technologically relevant): analysis
= Xox & FealiStiC MEasUrement tme: 15 1ess than nm Trom L Eos IS more complicated, but it is possible to differentiate
Injecting interface —> insignificant effect on Vg when _ h :
: . =08 1/KT (eV} e mechanisms.
0 Xc using um-order thick polymer.
polymeric . i i i
T dieectrig, Semeonducter * For thin polymers, this charge cannot be ignored. No ferroelectric effect could be observed at RT at References
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