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1. The small perturbation charge carrier lifetime (7;,) as a function
of charge carrier density (n) for PBDTTT-E:PC,;BM with and
without DIO treated. The solid line is from the fitting curves of
Figures 4(a) and 4(b) in manuscript.

According to Figure 4(a) and 4(b) in manuscript, the power-law (zy,=a-n™?, a is a
constant) relationship between small perturbation carrier lifetime (zy,) versus the
carrier concentration (n) have been shown in Figure S1. Too few data points may
cause larger deviation, so the solid line can be fitted, for device without DIO is
Tan=4.3148 x10%4-n7 17088 for device with DIO treated is 7x,=2.8097 x10%3-n293%0 The
power (A) is 1.7688 and 2.6390 for the device without and with DIO treated,

respectively.
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Figure S1: The small perturbation charge carrier lifetime (zy,) as a function of charge
carrier density (n) for PBDTTT-E:PC;;BM with (o red circle) and without (o black
square) DIO treated. The solid line is from the fitting curves of Figures 4(a) and 4(b)
in manuscript.

2. The langevin reduction factor ()

The Langevin reduction factor ( £ ) can be determined by equation S1511;
g =t S

Where £k is the non-geminate recombination coel Icient, kg is the upper limit of the

recombination coefficient, described by the langevin model (equation S2):
e
ey =—(u, + 1) (S2)
g,

Where is e the elementary charge constant, ¢is the relative permittivity of the material,

and & is the vacuum permittivity constant. So, the & of PBDTTT-E:PC7;BM with

DIO treated is 7.61 10-19 cm3s'!. The k. of device without DIO is 6.17 1019 cm?s! .
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Figure S2: The langevin reduction factor (¢) as a function of the charge carrier density
(n). the black o and red o represent the PBDTTT-E:PC;;BM without and with DIO
treated devices, respectively.

3. Extracted mobility of the hole and electron-only devices

Based on Figure 2, we choose the current density when V-V, near 4V as Jsc, which
is used to calculate the SCLC mobility. The method has been used and published in

other groups [52:53],

Table S1. Extracted mobility of the hole and electron-only devices

Active layer Hole Mobility Electron Mobility
(cm?V-1S-) (cm?V-IS)
PBDTTT-E:PC7,BM 5.818X 10 4.425X 10

DIO PBDTTT-E:PC; BM 4910X 10+ 7.723 X 10*




In addition, we combined the Mott-Gurney equation and Frenkel effect [S4]:

9 V-V, V-V,
J = &8,y ( 3bl) exp(Sr )
8 d d (1)
— V'Vbi
Here d , We can get

9 E*
J ==&, tty—xp(BNE)
8 d 2)

The 14 is the zero field mobility, E is electric field, fris the field dependent parameter.

Take the natural logarithm on both sides of the equation (2):

A - )
ln[?] —ln(ggogr 7 )+ﬂF\/E 5

There is a linear relationship between In(J/E?) and E/?
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Figure S3: In(J/E?) as a function of high E'? of electron-only devices (a) and hole-

only devices (b) with (redO) and without DIO treatment (black o). The white lines

are the linear fit lines followed equation (3).



The parameters extracted from the fit for the devices are summarized in Table S2, the

negative Pool—Frenkel coefficient is consistent with P3HT:PCBM system.[S4]

Table S2. Parameters Extracted by the Fit for Devices

Active layer Lo Br

(cm?V-1S- (cmV-
1 ) 1 )1/2

Electron-only devices Without DIO 740x 104 -0.00128

With DIO  491x103 -0.00324

Hole-only devices =~ Without DIO 2 18x 103 -0.00254

WithDIO  109x103 -0.00168

According to Poole-Frenkel formula:

H(E)= py exp(BANE) N
4

We can get the mobility(x) as a function of applied electric field (E):
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Figure S4: 1(E) as a function of E'2 of electron-only devices (a) and hole-only

devices (b) with (redO) and without DIO treatment (black o).
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