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Abstract

This paper addresses the design optimization of capacitorless DRAM(one-transistor DRAM., 1T-DRAM), which
has gained attention as a next-generation memory technology. To overcome the limitations of conventional
capacitor-based DRAM, an asymmetric dual-gate structure is proposed to enhance retention time and overall
performance. The zero-temperature coefficient (ZTC) point is set at 1.25 V to minimize performance degradation
due to temperature variations. Current-voltage characteristics were analyzed at various temperatures (300K-400K),
confirming stable memory operation at the ZTC point, even under temperature fluctuations. The proposed design
demonstrates reliable operation at high temperatures, proving the potential for high-efficiency, highly reliable
memory technology. As a result, the 1T-DRAM device can make a significant contribution to the development of
next-generation memory devices.
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t]@(Dynamic random-access memory, DRAM)
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Fig. 1. A cross—sectional structure of the 1T-DRAM.
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Table 1. Structure parameters of the 1TT-DRAM.
E 1. 1T-DRAM FZ H

Parameters

Values [Units]

Gatel Length (Zc1) 100 [nm]
Gate2 Length (Zcp) 70 [nm]
Body Thickess (75ody) 27 [nm]
Oxide Thickness (75, 3 [nml

Source/Drain doping concentration | N-type, 5 x 10" cm™

P-type, 1x 10 cm™
4.85 eV
53 eV

Body doping concentration

Main gate work-function(WF1)

Control gate work-function(WF2)

O3 2= ot 2% (300K~400K)oflA Al°|E A
of o =9l AF ¢ EATYEA HIHE UEhd
th ZTC AR 2= gl we A7 w3kt A9 gl
= A AFoZ, 1T-DRAM &40 &% HHEE
A3kl $8% g2 gtk o8 AY oA &4
QAR 2% WALEE A3 A3, 1.25 VoA ZTC
E/do] 7P FRSHA UER] wiiZel, £ AAfoA=
ZTC A= 1.25 V= A4tk Al°lE Aol 1.25
VY o, £%7}F 300KoA4 400K=Z =Sttt ete =&
AR+ st FAEL o= ZTC A-ofA 7He
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Fig. 2. Transfer characteristics of the 1T-DRAM with
variation of temperature.
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Table 2. Bais conditions for memory of the 1T-DRAM.
B2 M2 & MY =A

Write “1” Write “0”
(Program) (Erase) Read Flold
Main gate 25V 0.0V 125V | 00V
voltage (Visi) ' . . .
Control gate 25V 05V 00V | 00V
voltage (Vos2) ' . . .
Drain voltage 0.0V -05V 05V 0.0V
(Vpg)
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Fig. 3. Memory characteristics of the 1T-DRAM with
variation of temperature.
J3 3. 2 #Hajof M2 17-DRAMS] W22 E4

a9 4 (22 (b= 2% 300K € W 1T-DRAM ++%
oA 1”2 “0" el 27](Program, Erase) &2}l
02 FF 4 EXE BoR, (09 (de ‘1" 0
o] 9l7] B w2 Hx} 4 BExE yEehdch
17 AEe] 7] Bl AE Wl Fgol 4= 1,
0" AJEie] 27] B4 Fgo] wEErt. o] <l
Q7] FFOIMY ‘0" “1” AEfollA Fg "k Zjolrt
sk, o] zlol= A Wl A drole IS vl
Ze} 1737} 0" AJEollA HAF Do) Xjolg Bolf At
= 1T-DRAM -2 v Jeis HolA 728 =

hDensity (cm”*-3)
J I 1.000e+20
| 4.642e+16
2.154e+13
. ‘ |1.000e+10
* 4.642e+06

2.154e+03
I 1.000e+00

]

(a) (b)

eDensity (cm~-3)
l'l .000e+20

4.642e+16
2.154e+13
| ‘l .000e+10
4.642e+06
2.154e+03

1.000e+00

(© (d)
Fig. 4. Hole density in 1T-DRAM under (a) program
and (b) erase conditions. Electron density under
(c) read “1” and (d) read “0” conditions.
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Fig. 5. Read current at “1” and “0” states as function
of gate voltage in read operation.
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Fig. 6. Retention characteristics of the 1T-DRAM with
temperature of 300K and 358K.
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