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1. Semi-logarithm fitting plots of the forward peak current and the current under -1.0 V bias of our

SWCNT p-i-n junctions versus the intrinsic region length
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Figure S1. The semi-logarithm fitting plots of the current under Vyi,s = -1.0 V (main panel) and the forward
peak current (inset) of our SWCNT p-i-n junctions versus the repetition number m. The black dots indicate the
raw data. The red lines indicate the linear fitting results. Fairly good linear correlations can be observed in

both cases.

2. The derivation of Eq (3)

Under WKB approximation, using Fowler-Nordheim formula, we have the transmission probability (TP)

of a triangular potential barrier as

8nv2em
TP =exp (—? h 0'?D)

(S1)
where e and m are the charge and mass of electrons, h the Plank constant, ¢ the barrier height, and D the
barrier width.

In part 1, we roughly consider the barrier in the intrinsic region as triangular, and we can get

. 87[\/2emE§3;/2
TP=exp (5= x

(S2)
where A is the energy difference between the bottoms of the conduction bands of the p and n regions, L the
intrinsic region length, and E4 the band gap (Figure S2). The current can be calculated as

I=Cx J TP' x DOS(p region) X DOS(n region) Xj;(E—,up) xf(E—p)*dE
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(S3)
where C is a constant, E the energy of the interband tunneling electrons, DOS(p/n region) the density of states
in the p/n region, fyn(E) the Fermi-Dirac distribution function for the p/n region, and u,, the electrochemical
potential of the p/n region. DOS and f,r are related to Vy;,s but independent of L, and TP' is independent of E.
Therefore, Eq. S3 can be written as

I[=CxTP'x Int(VbiaS)

(S4)
where Int(Vyias) is the integral in Eq. S3 without TP'. We can further get |RR| in part 1 as
I Int(-Vy,)| TP. 8nv2em /2(1 1)
RR|= || = x =4 x -— EX? (—-—)L|=Axexp(BxL
RRI= 7 = | < TP KL e \ATA, exp(B x 1)
(S5)

where TP',, and A, is TP' and A under forward/reverse bias, respectively, and we have A, <A_.

Therefore, 4 = |Int(-Vyis)/Int(Vyies)| and B = %@Eg/ 2 (ff) are both positive and independent of L.
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Figure S2. The simplified band diagram of the p-i-n junctions. We assume that the band shape of the intrinsic
region is linear. Under such an approximation, all interband tunneling electrons face barriers of the same
height and width under a fixed bias. Therefore, the transmission probability is independent from the energy of

electrons.

3. A comparison of the 1-Vyss curves of the SWCNT p-i-n junction with m = 1 based on DFT and the

semi-empirical model
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We present a comparison of the 1-Vy;,s curves of the SWCNT p-i-n junction with m = 1 based on DFT
and the semi-empirical model in the following figure. We can see the main properties of these two curves are
similar: they both have obvious NDR effects, and the ranges of the NDR regions are similar. (0.3 V for the

semi-empirical model and 0.2 V for the DFT model). Therefore, the semi-empirical model is reliable.
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Figure S3. A comparison of the I-Vy,s curves of the SWCNT p-i-n junction with m = 1 based on DFT and the
semi-empirical model. The red line and the black line indicate the results based on DFT and the extended

Hickel model, respectively.

4. The mechanism of the observed NDR effect based on the band structure

The mechanism of the observed NDR in the SWCNT p-i-n junction is the same as that of Esaki diodes.
We present the band diagrams of our p-i-n junction as follows. The electrodes are heavily doped, so the Fermi
level induces into the valence band of the left electrode (p region) and the conduction band of the right
electrode (n region) (Figure S4 (a)). Therefore, applied a relatively small positive bias, electrons from the
conduction band of the n region start to tunnel into the valence band of the p region (Figure S4 (b)).
Enhancing the bias voltage, the overlap region of density of states (DOS) in the n and p region reaches a
maximum value, and thus the current reaches a peak (Figure S4 (c)). Further enhancing the bias suppresses the
interband tunneling because the available DOS in the p region decreases since the Fermi level in the n region
induces into the band gap of the p region (Figure S4 (d)). When there is no available DOS in the p region for
electrons of the n region, the tunneling current is very small and the electron injection current (thermionic

current) starts to dominate the transport (Figure S4 (e)). Applied a negative bias, there is always available
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DOS in the n region for electrons in the p region, and thus the overlap region increases monotonically with the

bias voltage (Figure S4 (f)). Therefore, the reverse current grows up monotonically with the bias.
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Figure S4. The band diagrams of our p-i-n junctions (a) under zero bias, (b) under a reletively small positive
bias and the current starts to increase, (c) the current reaches a peak under positive bias, (d) the current
decreses under positive bias, (e) under a relatively large positive bias and the electron injection current
dominates the transport, and (f) under negative bias. The arrow with black bottom stands for the interband

tunneling current and the arrow without black bottom stands for the electron injection current (thermionic

current).

5. The transmission spectra and the PDOSs of the SWCNT p-i-n junction withm =8
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Figure S5: The transmission spectra and the PDOSs of the p region (PDOS_p), n region (PDOS_n) and
intrinsic region (PDOS _i) of the SWCNT p-i-n junction with m = 8 under Vs = -1.0, 0.1, 0.3, 0.5, 0.6, and
1.0 V. The red dash lines indicate the bias window. The blue arrows indicate the moving direction of the

PODSs. The purple arrows and dash lines indicate the pseudo gaps of the PDOSs.
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