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Figure S1. Calculated conduction and valence band profiles of a dual gate CNT FET device at (a)
Vg1 = -Vg2 = -18V, (b) Vg1 = -V = OV and (c) Vg1 = -Vg2 = 15V under a bias voltage of 3V. The

formation of pn-juctions are labeled between dashed lines.
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Figure S2. (a) Calculated conduction and valence band profiles and (b) electric field profile of a

dual-gate CNT FET device at Vg = -V = -15V with V,, = 3V.
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Figure S3. Calculated carrier density profile (a) Vg1 = -Vg2 = -15V, (b) V41 = -V = 0V and (c) Vg¢ =
Vg2 = 15V (d) Vg1 = -Vg2 = -6V and (e) V41 = -Vg, = 5V under a bias voltage of 3V. The intrinsic
regions are labeled between dashed lines.
The intrinsic region is defined as the part with minimized induced charge within the CNT. The
length of the intrinsic region is then calculated by measuring the distance between the two

turning points of the region with smaller carrier densities from the carrier density profiles, as
shown in Figure S3.
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Figure S4. Current plotted as a function of bias voltage under different gate conditions taken from

the same device shown in Figure 2.

Figure S4 shows the IV curves taken at different gate conditions. For zero gate voltage, the
CNT remains p-type and it works as a resistor while it works as a diode when it is gated to
forward biased region. Before a threshold bias voltage of around 2V, the conductance remains
larger for zero gate condition.
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Figure S5. Light emission spectra taken from another dual-gate CNTFET device under different

forward bias voltages around V,=0.

Figure S5 shows spectra under different bias conditions of incandescence underlying the PL.
Before the LED-like light emission (labeled E;;) becomes detectable at 3V, the light emission
from hot carriers is extremely bright.
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Figure S6. Current and EL intensity plotted as a function of gate voltage 1 with Vg1 = -V, and Vs

= 3V shown as (a) Figure 2c and (b) Figure 3a in the manuscript.
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Figure S7. (a) Raman G band spectra taken from one dual-gate CNT FET device under different
gate conditions (Vg1 = -Vg) at a constant bias voltage of 3V. (b) The Raman G band frequency and

current plotted as a function of Vg1 (Vg1 = -Vg2).
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Figure S8. Electric current and estimated temperature plotted as a function of Vg1 (Vg1 = -V2).

Here, we use a G band Raman temperature-dependent coefficient of 0.02 cm™!/K to estimate
the temperature of the CNT!-2.
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