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A Study of Memory Device based on Tunneling Mechanism

Jun Ha Lee'

"Department of Computer System Engineering, Sangmyung University

ABSTRACT

This paper presents of a new type of memory cell that could potentially replace both DRAM and flash memory. The
proposed device cell operates by sensing the state of about 1,000 electrons trapped between unique insulating barriers in
the channel region of the upper transistor. These electrons are controlled by a side gate on the transistor, and their state
in turn controls the gate of the larger transistor, providing signal gain within the memory cell. It becomes faster and more
reliable memory with lower operation voltage. Moreover, the use of a multiple tunnel junction (MTJ) for the vertical
transistor can significantly improve the data retention and operation speed.
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® well, channel, gate oxide formation for Sensing Transistor
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® Self-align STI

® D/L deposition
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Fig. 1. Process flow for the proposed device.
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Fig. 2. 1d-Vd characteristics of vertical transistor.
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Fig. 3. The variation of Id-Vd characteristics depend on
barrier thickness and materials
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Fig. 4. 1d-Vg characteristics depend as a function of drain
voltage.

19 4% Nitride Barrier 37] 2 o] %1% MTJ 7%
oA vdrt WstE wje §£A3 Id-vg 2 =Zelt.
Vertical Transistor OFF-stateo] A 2] Ide= F/GolA
Charge”} WA W7 28 kg dr] o), F83]
7) Retention TimeS 2zt W 2g] 45 THE7] $3)
A ol 7FEd 3 A fXFhs Aol o ZloR
st 528 22 oY 45 SN gFS Tunnel
Barrier® AME-3le Zlo] f-8¢o & B3}l Barrier
FAE ol 3tk o)3lE W& F gle Ae
] E-oth wehA] Ton/loff H18-8 7M1 <= = o]
F2Q F2E e do) Faslt) lon/loff &S F
74717 9% g el hE Side-gate®l Channel
ControllabilityS #=ol= W T St} 1g& AAl FAlst
= 39 WolA Side-oxide?] F7F 2 FAE H 2 st
&thAL, Channel ThicknessE £ FDSOI FEf 2] A

d 2B PEE 3L Sl Wiel € 4 .

3.2, £ M ERIX|AE §Y

A7E M2 57 vAUS a7 ARE A%
she W Ze| 249 A4 71 Tl 7FedkA] &
Q1&H7] glaiMe =2 2304 FIG RS A
sl W3yt A9 o5 SHFeR B4
dort ok 2ok Bl HE A9 Quality7} b
wto} Tunnel Barrier241 2] &g @ = §1& 7492

W, 245 9] MOSFETHA 9] 1d-Vg 34l & =
A=) Voltage Sweep "3kl w2 Hysteresisi= “HEF
S Zoltk 3 7% &S $8)A FIGE Y
AstolFo] o]Fo|7 Cellef tiale] T2 AF
2] Sensing £44-2 Al steiof goh{7]. 2 5olA=
Data “1”3} Data “0”& 7153t $-9] IsensingS C/L
Voltage®} g2 JeRll=d], Z2aeid-& #is) A
23 Aol =7 bzt VD/L=+4 V, VC/L=4 V 93,
Data Reading-& D/L Floating A 8] 2 Fo]x|A Ht}.
o] FAL F/Gel A3trt FA e wel Sensing
Transistor®] Vth7} 10V ] #3las, vC/L=0V ol
A] Date Reading®] ]} 739 Data “1”% Data
“0” Alo] 2] Sensing Current XFo]7} 1.0x10* ©]/go] &
& 1BodFal 9tk E3 Data Writing TimeS 2msol| A
2secE WzlA|Z o] WE Vih Hale #aEsd), o=
Zgady $55 BEd A2 E F 9l ol 2
F2HE F/IGRY Adlo]ls tFE CLY 9%
Vertical Channel Potential Modulation®l] £]&] ©] 3¢
7] wi#oll, C/LE -3t FIG Aefol] B3 FA
oF= 3 9] Wl A Data Reading 242 s 4
F/IGol A" AHE Q& A|7F §A 8= Zlo| 7}58)
gk B8]

L

oy i

NN
/

1

5
&O

Isensing(A)

1E-9

VDIL(V)

Fig. 5. Sensing current characteristics as a function of D/
L voltage variation.
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