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Amorphous silicon (a-Si) based memory devices have the potential to greatly expand the functionality of a-Si
thin-film transistor (TFT) circuitry. Recently, an a-Si floating gate TFT (FGTFT) based memory element has
been dem onstrated, but th e memory window was on ly 0.5V an d the retention time was only ~1ho ur [ 1].
Furthermore, a-Si FGTFTs in general have a threshold voltage which depends on th e drain voltage. In this

work, we explore the effects of tunnel dielectric deposition condition and floating gate (FG) geometry on the
performance of a-Si FGTFT. Throug h this analy sis, we achieved a-Si FGTFTs with memory windows of

>4V, room temperature retention times of >150hours and threshol d voltages (V 1) which are independent of
the drain voltage.

The structure of the a-Si FGTFT memory device is shown in Fi g. 1 along with that of the standard
TFT control device. The f abrication process of the memory element is similar to that of a standard bottom -
gate back-channel-passivated a-Si TFT [2 ], with the addition of deposition and patterning of an a-Si floating
gate layer. The device wo rks based on electrons tunneling in/out of the FG co ntrolled by gate voltage - no
drain field or hot electron effects are involved. The FGTFT exhibits a Vr shift of ~4V after the application of
a programming v oltage o f32V to the control gate te rminal, with the sourc e and drain( S/D) term inals
grounded, for 10ms. An erasing voltage of -50V on the control g ate (S/D grounded) for I Oms forces the
trapped electrons out of the floating gate and V t returns to its pre- program value (Fig. 2). When the contr ol
device is subjected to the same cycle, no appreciable Vr shift is observed.

The quality of the tunnel dielectric material is crucial to the endurance and retention of floating gate
memory devices, therefore the tunnel SiN in our devices i s deposited using high tem perature (~350°C) and
high RF p ower (~210m W/cm?) to maximize the fil m density and m inimize d efects. W e use two differ ent
recipes for SiNy deposition in our study - H, diluted SiN, which uses SiH4+/NH3/H, flow of 5/55/225sccm and
N-rich SiN, which uses SiH4/NH; flow of 14/130sccm. The devices with H, diluted SiN; can be programmed
and erased at much lower voltages than those with N-rich SiN, (Fig. 4&5). H owever, the retention tim e of
the N-rich Si N, devices ar e significantly better. Retention time ( Tog,) is defi ned as the am ount of time it
takes for 10% of the trapped electrons to leak out of the floating gate. Extrapolating high temperature data to
297K, we found Tggy, of 150.8 hours and 38.9 hours for the N-rich and H, diluted SiNj, respectively (Fig. 6).
It was also found that the N-rich SiN , has a higher activation energy (0.93e¢ V) than the H, diluted Si Nx
(0.74eV). Data suggest that the H, diluted SiNy has a higher defect density that facilitates electron tunneling
(providing low voltage program/erase), while the N-rich SiNy has a lower defect density that reduces leakage
of charge trapped from the FG (providing better data retention).

The apparent V 1’s are different for different drain vo  Itages in FGTFTs (Fig. 7). T  his can be
explained by the capacitive coupling of voltages between the floating gate and the drain term inals [ 3].
Further, by obtaining floating gate volt age via voltage transformation (Fig. 8), one can se e that the turn-on
voltage from the FG term inal is actually the same. By controlling the overlap between the floating gate and
the drain, this effect can be elim inated all togethe r (Fig. 9). T his dem onstrates that the geometry of the
floating gate has dramatic impacts on device characteristics and is a key parameter in device optimization.

We have su ccessfully fabricated a-Si FGTFT as memory elements. The memory window and
retention time are the best ever reported fo r such devices. With respect to tunnel SiN ,, we found a trade -off
between films with a higher defect den sity (allowing easier ele ctron injection in/out of the FG) and thos e
with lower defect density (having higher retention time). As for FG geometry, we found that V dependence
on drain voltage can be eliminated by controlling the overlap capacitance between the drain and floating gate.

[171Y. Kuo et al., Applied Physics Letters, vol 89, pp 173503-6, October 2006
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Figure 1. Top: structure of thea  -Si floating gate T FT \/G )

memory element. The floating gate is an intrinsic a-Si thin

Vg ¥)

film patterned with RIE, and sandwiched between two SiN
dieletric layers. Bottom: structure of the a-Si TFT control
device, fabricated in the same way as the floating gate TFT
without the fl oating ga te lay er. T he total di electric fil m
thickness are the same in the two devices
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Figure 2. The D C trans fer cha racteristics ( Vps =
0.1V & Vgs swept from 8V to 0V in 0.1V increment)
of the F GTFT memory dev ice at various stages of

the program/erase cycl e. Program: gate hel d at
32V with S/D grounded for 10ms; erase: gate held
at -50V with S/D grounded for 10ms

Figure 3. Th e DC tr ansfer characteri stics (V ps =
0.1V & Vs swept from 8V to OV in 0.1V increment)
of the co ntrol device atva rious stage so f the
program/erase cycle. Prog ram: gate hel d at 32 V
with S/D grounded for 10ms; erase: gate held at -
50V with S/D grounded for 10ms
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Figure 4. V7 shift d ependence on amp litude of
the programming voltage pul se for tw o different
SiNx deposition recipes. Tprogram = 100ms

Figure 5.V 1 shift dep endence on ampl itude of
erasing vo Itage pu Ise (Both H , diluted and N-rich
SiNy are programmed such that Vr is approximately

Figure 6. A rrenhius p lot of retentio nti mes of the
memory devices with H; diluted SiNx and N-rich SiNx.
Retention ti me: the ti me for 10% of the trapped

6V) Terase = 100ms. electrons to leak out. Measurements for r etention time
made at three different temperatures: 43°C, 6 3°C and
83°C inai ramb ient. Re tentiontimes for room

temperature (T = 23°C) and the two activation energies

were obtain ed by a li near fitto th e measu red data

points.
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Figure 7. DC transfer characteristics of the floati ng gate
TFT me mory de vices at fourd ifference drain bi as
conditions. Ca pacitive coupling be tweenth edrai n
terminal and the floating gate causes an apparent V shift
and high off current.

Figure 8. D rain currents of Fi g. 7 ve rsus floa ting ga te
voltage. The FGv oltagew as ¢ alculated usi ng the

capacitive coup ling model of Fi g. 7. T he similar turn-on
voltages as seen fromthe FG terminalsh ow thatthe
different V¢’s in Fig. 7 can be explained by the v oltage
coupling between the drain and FG terminals

Figure 9. DC transfer characteristics of floating
gate T FT memory devi cew ith reduc ed
parasitic ca pacitance betw een the drain  and
the floating gate. No apparent threshold shift is
observed.
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