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Device and Circuit Characteristics of TFET

Tunnel Field Effect Transistor (TFET) vs. Conventional CMOS

Circuit Simulation (Ring Osc.)
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O Steep Sub-threshold Slope
O Low lon dew to band-to-band tunneling
—Advantage of low-Vdd and low-power device
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Capacitance-Voltage characteristics of TFE
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Impact of TFET CV characteristics on circuit performance

Cerr is function of Cgg: Cerr ~ Cm+CL(Cgg)
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simulation results

When V4 is applied,
(1) V,,V=f(Va) ...Cgg effectively decreases

(2) Cga>>Cgs...Cmincreasing
Modeled by voltage dependence on Vin for CV (V,,*Y)
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Implementation of Vin“V(V,) on BSIM4 parameter
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O Investigate the influence of effective C,, decrease on inverter
circuit delay by CV threshold modulation
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Targeted 14-V, and C,-V, characteristics
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Vi, ©V optimization and simulated test circuit

V¢V optimization result
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Influence of Vin®Y modulation on inverter delay
Atgelay = | trise(With Vg depend.) — t;is(W/0 V4 depend.) |

Vin®Y with V, dependence

/ Vin® w/o V, dependence
Atdelay

shows the effective gate
capacitance reduction.
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Vyq dependence on Atye iy With Mirror effect

Normalized At ,,

Vin

6.0
5.0
4.0
3.0
2.0
1.0

Vaa
> lllllllllllllllllllllllllllllllll
u! Cwm = Cgdp + Cgdn = 1.0 L4
— g Correction
CN} Vout1 - CerrF " Vdd S 08 by Mirror effect
I delay 218 .G'l')
|, Fa [ °
- CEeFF~ @ CL £ 06
= o o
= Z
| 0.4
: 04 06 08 10 1.2
Atgelay INCreases
by C,, reduction Vaa [V]

|
Atgelay decreases by Mirror effect

Even when considering Miller effect, the effect
that the effective Cyq reduction is large.

0.0 :
03 05 0.7 09 11 Increasein Atye, becomes prominent as low V.

Vad [V]

TOSHIBA © 2017 Toshiba Corporation 12

Leading Innovation >>>



Summary

I. Implementation of the effective C,, reduction on SPICE model
was made by parameterizing the BSIM4 C-V parameter.

Re-parameterizing of BSIM4 C-V parameter is reasonable approach to
analyze the non-Si CMOS circuit performance.

Il. We investigated the influence of TFET C-V characteristics on

Inverter circuit delay by using the our proposed (optimized)
model.

Although the delay increases with the influence of overshoot due to the
increase in Cy,, the effect of decreasing C, is prominent due to the
reduction in effective gate capacitance, and then the inverter delay is
smaller than the case where TFET C-V characteristics is not considered.
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