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Abstract 

Band modulated field effect transistor (FET) on nano 

silicon on insulator (SOI) has been suggested for memory 

application. DC and AC operation mechanisms are inves-

tigated with potential profiles and electron-hole concen-

trations in channel region. The devices show nealy zero 

subthreshold swing and memory operations by read/write 

of ‘0’ and ‘1’ states with retention time of 1.8s.. 

 

1. Introduction 

For Internet of Everything (IoE) application, emerging 

memory technology requires low power consumption and ca-

pacitor-less scalability with standard CMOS process. In this 

work, we have suggested band modulated FET on nano SOI 

as a capacitor-less 1 transistor-DRAM. The FETs are fabri-

cated with 28nm node technology and the device structure is 

described in Fig. 1. Undoped floating Si body (TSi) is 7nm 

and thickness of buried oxide (TBOX) is 25nm. Dual gates con-

sist of a control gate (LG) and another ungated channel (Lint), 

and LG and Lint are 200 and 200nm, respectively. Anode (A) 

and cathode (K) contact with P+ and N+ type Si epi-layers and 

back gate (GB) is applied to back side polysilicon layer (GP-

P).  

 

2. DC characteristics and simulation 

The I-V curve was measured by forward and backward 

anode voltage (VA) sweeping from 0V to 2V with various 

front gate voltages (VGf) from 0.6 to 1.2V as shown in Fig. 2. 

At off regime, current is very low until the turn on voltage 

(VON) triggers barrier collapsing state. At the barrier collaps-

ing region sharp turn on occurs since the injection barrier at 

the anode side is lowered by forward VA and VGf, the hole 

carriers are injected into the channel region without any im-

pact ionization due to very thin and fully depleted silicon 

body [1, 2]. These hole carriers from A to K reduce the elec-

tron injection barrier and electrons flow from K to A. This 

band modulation provides nearly zero swing slope, zero im-

pact ionization, and ‘1’ state with very high on/off current ra-

tio of over 107. At ‘1’ state, the front gate and back gate bias 

stores the electrons and holes in the body. When VA decreases 

to 0V the device will switch off and behaves as a PIN diode 

in on-state  

DC characteristics are analyzed by Synopsis TCAD 2D 

simulations to study the evolution of potential and carrier  

Fig. 1. Structure of modulated FET on 7nm SOI 

Fig. 2. DC characteristics of modulated FET on 7nm SOI 

 

densities corresponding to off, barrier collapsing, and PIN  

diode regimes. In the off region, Fig. 3 (a) shows that when 

VA increases the potential in the gated region increases, and 

electron density (n) decreases until its value is close to intrin-

sic concentration (ni). In addition, hole density (p) increases 

in gated region that enables to keep np~ni². This means that 

PN junctions in the channel region stay unpolarized and an-

ode current is very slightly increased with VA during off re-

gion. In Fig. 3 (b), the barriers collapsing regime, the poten-

tial in the gated region has reached its maximum value and n 

in ungated region is equal to p in the gated region, which re-

sults in polarized PN junctions and directly sharp switching 

since strong anode current increase. Fig. 3 (c) indicates PIN 

diode regime, the potential increases first only in ungated 
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Fig. 3. Evolution of potential, electron and hole densities corre-

sponding to off, barrier collapsing, and PIN diode regimes (solid line 

represents n and dot line represents p) 

 

region, leading to no potential barrier between the gated and 

ungated regions. It is similar to standard PIN diode potential 

variation, and n/p increase in both regions. As a consequence, 

the anode current saturates for high VA because of the intrin-

sic resistance of the SOI.  

 

3. Memory characteristics and discussion 

To investigate the memory transient operations, Write‘0’-

Read-Write‘1’-Read (W0-R-W1-R) pulses are applied as 

shown in Fig. 4, and potential and carrier concentrations are 

analyzed. During write ‘0’, VGf is lowered to 0V which low-

ers the potential barrier under the front gate. The accumulated 

electrons under the front gate are eliminated within the chan-

nel by moving to the anode due to lowered potential barrier 

which can be seen through decreasing electron concentration 

on the gated region. When reading ‘0’ state, VA is increased 

to 1V and the potential barrier slightly decreases with no sig-

nificant change in carrier concentration. Thus, very low cur-

rent is observed in this state. As the VGf drops to 0V and the 

VA rises to 1V, the potential barrier is lowered and the carriers 

at anode and cathode are injected into the channel making ‘1’ 

state. The carrier concentration in the channel is very high at  

 

Fig. 4. Potential and carrier densities during (a) write’0’, (b) read’0’, 

(c) write’1’, and (d) read’1’operations 

Fig. 5. Retention time of ‘1’ state 

 

this state hence when reading ‘1’ state, the potential barrier at 

each side is flattened and high current is observed. How long 

the current remains low at ‘0’ state and high at ‘1’ state is 

determined by retention time. Fig. 5 shows that the current of 

‘1’ state remains high even after 1.8s. 

 

4. Conclusion 

The band modulated FETs are fabricated, and electrical 

characteristics are measured and analyzed with 2D TCAD 

simulation. As a result, the devices show nearly zero swing 

slope and very high on/off current ratio. The memory transi-

ent characteristics also show successful W0-R-W1-R opera-

tions with long retention time of 1.8s at ‘1’ state.  
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