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Stack Gate PZT/AlO3 One Transistor
Ferroelectric Memory

Albert Chin, Senior Member, IEEBM. Y. Yang, C. L. Sun, and S. Y. Chen

Abstract—We have developed single transistor ferroelectric Il. EXPERIMENTAL
memory using stack gate PZT/A;O3 structure. For the same
~40 A dielectric thickness, the PZT/ALO3/Si gate dielectric P-type 4-in (100) Si wafers were used in this study. After
has much better C-V characteristics and larger threshold device isolation and source/drain definition, the 22 A Al layer
vo(l)tggFeEﬁ_hif: thanhthose °|f PZT/SIQ/SI. BeSid%S.];fthe ferr%electric is deposited by evaporation where HF-vapor passivation and
T i shows & lrge output curentciference bEMWEEN i desorption 6], [7], [12] are used to suppress the natve
is much faster than that of Flash memory where the switching ©Xide formation before Al deposition. The deposited Al is first
time is limited by erase time. oxidized at a temperature of 40Q for 1 h by oxygen to a thick-
ness of 38 A followed by an 808C annealing for 30 min in
nitrogen ambient. Then the 2500 A PZT layer was spin-coated
on Al,O5 gate dielectric by the sol-gel method [13], dried at

I. INTRODUCTION 90°C for 30 sec, and finally annealed at 700. Al electrodes

ERROELECTRIC material devices have been discoverd{gre formed by thermal evapo'ration for source, drain and gate,
F for over three decades to be good candidates for mem@#fd the channel length and width werg: and 100um, re-

[1], and currently 4 MB one-transistor and one-capacitGP€ctively. The reason why using Al metal gate on PZT is be-
(1T1C) structure has been developed [2]. In comparison wiggUSe Alis widely used for VLSI process, even though Pt, I, and
Flash memory or DRAM, the 1T1C ferroelectric RAM hadheir oxide compounds have higher work-function and probably
much faster access time than Flash memory and much Iont?éﬂ’er leakage current than Al. For comparison, FeMOS capac-
retention time than DRAM [2]. However, it is desirable to fur!tor using 40 A thermal SiQas buffer layer was also fabricated.
ther develop 1T ferroelectric MOSFET (FeMOSFET) structurkn€ device performance was characterized’byy” and [-V

for memory application because the 1T structure has simpfBgasurements.

process steps and smaller size than 1T1C cell. Unfortunately,
achieving good interface between ferroelectric dielectric and
Si is difficult because most ferroelectric films will easily
react with Si to form a nonferroelectric interfacial layer even Fig. 1(a) and (b) show the 1 MHZ'-V characteris-

at temperatures as low as 50Q [3], [4]. Furthermore, the (o of FeMOS capacitor with stack gate PZT/SISi and
diffusion of Pb from ferroelectric Pb(Zr,T)O(PZT) or Li pz1/a1,04/Si structures, respectively. As shown in Fig. 1(a),
from LINDO; into Si may also be expected to degrade thge pzT/sig gate dielectric has only a small threshold voltage
deV|ce.|ntegr|ty aqd cause process integration proplem, becaUsft of 1.3 V, and the distorted’—V curves without proper
meta! ion contamination is an important concern in VLSI [S]depletion suggest strong interdiffusion or interface reaction be-
In _th|s letter, we have (_1eveloped 1T FeMOSFET MeMOWeen PZT and Si. In sharp contrast, PZT/B} gate dielectric
using AI203. gate d'e'eCF”C [6]'. [7] as a buffer layer bet"Veenshown in Fig. 1(b) has well-behavéd-V" characteristics from
f.%ﬁ and |S" I.n compans%n V\i'(t)h (;]t_h;r:lufgr rl]ayers useld f(?I[IVGI’SiOI’] to depletion regions, which suggests the good barrier
erroelectric memory [8}-[10], high Al;O5 has not only. roperty of AbOs gate dielectric. Furthermore, larger threshold
good gate dielectric integrity but also excellent diffusion bam‘%oltage shift and higher capacitance than those of PZ/SIO
property. The stack gate PZT/AD; FeMOSFET memory also are observed that are important for memory application. The

rl\]/laos ég‘é_??ga.gtagg dolfosrt;u%t_ulrg Ocr?rr:li/allflsblle :’n'g:a?gﬁl 2123 threshold voltage change increases from 0.5 to 5 V for applied
geu u g ion [11]. gate voltage increasing from5 to +£15 V difference, which

can be used for multilevel memory. The threshold voltage
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Fig. 2. I1,-V, characteristics of PZT/AlO; FeMOSFET after applying (a)
10 V and (b)—10 V for 1 s, respectively. The gate length of the FeMOSFET is

4 pm.
Fig. 1. C-V characteristics of (a) PZT/Si6i and (b) PZT/ALOs/Si
capacitors. The capacitor size is€910~* cm?. 10%
10'f .j
10°F
gate voltage is due to the threshold voltage shift that is consis- ‘“g 10:; F
tent with C—V results in Fig. 1(b). This result clearly demon- & 10 f
strates the memory operation of the stack gate PZIBMSI g 134:
FeMOSFET. The high drive current of 122\/m at 4;m gate g 10°}
length is desirable for high speed memory circuit, which is due E 10_‘: 1
to the small thickness of AD5 and highk property of PZT. § 184: ;/
Gate dielectric property is another important factor for prac- 10°%
tical VLS application. Fig. 3 shows the gate leakage current 19"

o

5 40 A5 20 25 30 35

density of the PZT/AIO5/Si FeMOS. A high breakdown Gate Voltage (V)

voltage of 30 V is measured that gives a breakdown electric

field of 1.2 MV/cm for a 2500 A dielectric thickness. This largetig- 3. Gate leakage current of PZT/A5/Si capacitor with size of 5om x

breakdown voltage ensures possible multiple-level memo5r9/”m'

application shown in Fig. 1(b). Low leakage current densities

of 1 x 107¢ and 3x 10~° A/cm? are measured at appliedwhich is due to the rapid polarization reversal of ferroelectric

gate voltage of 10 and 15 V respectively, which allows parall®ZT film. Furthermore, the obtained one order magnitude of

program/erase like Flash memory to further increase the writg difference between on and off states can be distinguished

speed. by the sense amplifier in a memory circuit. Because the access
We have further characterized the erase speed of this tifie of Flash memory is limited by the slow erase time, the

memory. Fig. 4(a) shows the erase pulse (write 0) width depenuch faster erase time of this new device is important for

dentl;—V, characteristics from 10 ns to 100 ms and Fig. 4(bjonvolatile memory application. The other important memory

is the time-dependent drain current evolution. Only less thaharacteristics of fatigue and retention of this 1T memory will

100 ns at 8 V is needed to switch from on state to off statlke discussed in our future research.
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using PZT/A}Os/Si structure. The use of highAl,Oj3 in the
stack gate 1T memory makes this device compatible with ad-
vanced VSLI process.
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Fig. 4. (a)l4—Vy characteristics of FEMOSFET after 8 V voltage applied

to gate with different erase pulse width, and (b) time-dependent drain current

evolution from (a).

IV. CONCLUSION

(12]

(13]

Ferroelectric 1T memory with low gate leakage current den-
sity and high erase speed has been successfully demonstrated no. 3, pp. 207-213, 1998.
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