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Table S1 Unipolar thin film OFETs of F;,CuPc.

Mobility
Method Fabrication condition Ref.
(cm? V11
Thermal evaporation Substrate temperature = 125°C 0.03 1
Thermal evaporation Substrate temperature = 120°C 0.011 2
Thermal evaporation With silk fibroin as the gate dielectric 0.39 3
Thermal evaporation With Cg as floating gate layer on a flexible substrate 0.0018 4
Thermal evaporation p-6P film served as the inducing layer 027 3
Substrate temperature = 110°C '
Thermal evaporation p-6P film served as the inducing layer 0.12-0.5 6
Substrate temperature = 150°C ' '
Table S2 Bilayer aOFETs adopting F,sCuPc as the n-type semiconductor.
P t [ max max
P #n. Device structure Preparation method He,
material (cm? V-1s7) (em?2 V-15¢s1)

CuPc 1 x10¢ CuPc(10 nm)/Au/FsCuPc(2 nm)/SiO, Thermal evaporation 1 x 106 7
CuPc 144 x103  Au/CuPc(30 nm)/F1sCuPc(10 nm)/SiO, Thermal evaporation 9.97 x 104 8
CuPc 7.8 x 10 Au/F ,CuPc¢(25 nm)/CuPc(5 nm) /SiO, Thermal evaporation 4.6 x 10+ °
BP2T 4.0 x 10”2 Au/F,CuPc(20 nm)/BP2T(3 nm) /SiO, Thermal evaporation 3.6 x 102 10
CuPc N/A F1sCuPc(10 nm)/ Au/CuPc(20 nm)/SiO, Thermal evaporation 1.12 x 102 1
p-6P N/A Au/FsCuPc (20 nm)/p-6P (1 nm) /SiO, Thermal evaporation 1.1 x 1071 12
BP2T 1.2 x 10! Au/F,CuPc(20 nm)/BP2T(5 nm) /SiO, Thermal evaporation 2.5 x 102 13
CuPc 296 x 103  Au/F4CuPc(5 nm)/CuP¢(15 nm)/SiO, Thermal evaporation 9.49 x 103 14
PhT2 3.4 x10? Au/FcCuPc(20 nm)/PhT2(2 nm)/SiO, Thermal evaporation 3.0 x 102 13
CuPc 291 x 102 Au/CuPc(20 nm)/F;sCuPc(5 nm)/OTS-SiO, Thermal evaporation 1.04 x 102 16
CuPc 7 %x 102 Au/F;sCuPc(87 nm)/CuP¢(56 nm)/OTS-SiO, Physical vapor transport 5 x 102 17
CuPc  1.30x 103  Au/CuPc(10 nm)/F;sCuPc(10 nm)/SiO, Thermal evaporation 1.30 x 102 18

CuPc 3.1 x 10 Au/MoO3/CuP¢(7 nm)/F;sCuPc(27 nm)/SiO, Thermal evaporation 2.5 x 103 19
F1sCuPc by thermal

C,o-DNTT 8.97 Au/F4CuPc(20 nm)/C,(-DNTT/SiO, CIO?B%’%EE‘%(;H&IJM 6x102 20

solution shearing

CuPc 2.6 x 1072 F16CuPc(5 nm)/CuPc(11 nm)/Pt/SiO, Thermal evaporation 1.4 x 102 2!

Fi6CuPc by thermal This
C6-DPA 3.97 F16CuPc(10 nm)/Au/C6-DPA(9 nm)/SiO, evaporation, 5.6 x 10!
C6-DPA by SCS work




Table S3 The threshold voltages of the OFETs.

Device Vin (V)
C6-DPA (p-type) -13
Heterojunction (p-channel) 1
F1sCuPc (n-type) 20
Heterojunction (n-channel) 5

The threshold voltages of the OFETs were deduced from Fig. S12b, Fig. 4b, Fig. S11b, and

Fig. 4c, respectively.
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Fig. S1 A schematic energy level diagram of the F;4CuPc and C6-DPA.2>23
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Fig. S2 (a) The chemical structure of BPE-PTCDI. AFM images of (b) 10 nm BPE-PTCDI

deposited on SiO,, (¢) 10 nm of BPE-PTCDI deposited on 2DMC of C6-DPA, respectively.

BPE-PTCDI (10 nm) deposited on SiO,/Si exhibited small and randomly-oriented spherical

grains with high density of grain boundaries (Fig. S2b). The morphology changed prominently

when BPE-PTCDI (10 nm) was deposited on 2DMC of C6-DPA (Fig. S2c¢).
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Fig. S3 (a) Schematic of an OFET of BPE-PTCDI. (b) Typical transfer and (c) output curves
of BPE-PTCDI. The channel length was 110 pm and the channel width was 131 um. (d)
Histogram of the mobility of 20 BPE-PTCDI OFETs. The average electron mobility was 2.02

x 107 cm? V! sl among 20 devices, and the highest value was 3.46 x 103 cm? V- g7,



BPE-PTCDI (10 nm)/C6-DPA OFETs
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Fig. S4 (a) Typical transfer and (c) output characteristics of p-channel operation mode under

negative drain bias. (b) Typical transfer and (d) output characteristics of n-channel operation

mode under positive drain bias. The channel length was 117 pm and the channel width was 136

um. (e and f) Magnified output characteristics of p-channel operation mode of (c) at Vgs=0V

and n-channel operation mode of (d) at Vs = 80 V, respectively. (g and h) Mobility distribution

of BPE-PTCDI (10 nm)/C6-DPA aOFETs in p-channel operation mode and n-channel

operation mode, respectively.

The maximum (average) mobility for p-channel and n-channel was 2.61 (1.60) cm? V-! s!

and 5.60 x 102 (3.85 x 10?) cm? V-! 57!, respectively. It was noted that the mobility of BPE-

PTCDI increased over one order of magnitude compared with that of the unipolar devices (Fig.

S3).
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Fig. S5 (a and b) POM images, (c) AFM image and (d) XRD of a 2DMC of C8-BTBT.
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Fig. S6 (a) Schematic of an OFET of C8-BTBT. (b) Typical transfer and (c) output curves of
C8-BTBT. The channel length was 161 pm and the channel width was 139 pm. (d) Histogram
of the mobility of 20 C8-BTBT OFETs. The average electron mobility was 7.07 cm? V! 57!

among 20 devices, and the highest value was 11.33 cm? V- s'.



Fig. S7 AFM image of F,CuPc (15 nm) deposited on 2DMC of C8-BTBT. F,4CuPc deposited

on 2DMCs of C8-BTBT also exhibited micrometer-sized grains (grain size ~ 0.3~1.6

um).

F,;CuPc (15 nm)/C8-BTBT OFETs
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Fig. S8 (a) Typical transfer and (c) output characteristics of p-channel operation mode under
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negative drain bias. (b) Typical transfer and (d) output characteristics of n-channel operation
mode under positive drain bias. The channel length was 149 pm and the channel width was 102
um. (e and f) Magnified output characteristics of p-channel operation mode and n-channel
operation mode, respectively. (g and h) Mobility distribution of F;sCuPc (15 nm)/C8-BTBT

aOFETs in p-channel operation mode and n-channel operation mode, respectively.

The maximum (average) mobility for p-channel and n-channel was 11.77 (7.35) cm? V! s°!
and 0.20 (0.13) cm? V-! 7!, respectively. It was noted that the mobility of FsCuPc increased

about one order of magnitude compared with that of the unipolar devices (Fig. S11).
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Fig. S9 (a and b) Magnified output characteristics of F;CuPc (10 nm)/C6-DPA aOFET of Fig.

4 (d and e), respectively.
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Fig. S10 (a and b) Mobility distribution of F;;CuPc (10 nm)/C6-DPA aOFETs in p-channel

operation mode and n-channel operation mode, respectively.
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Fig. S11 (a) Schematic of an OFET of F,CuPc. (b) Typical transfer and (c) output curves of
F1sCuPc. The channel length was 116 um and the channel width was 93 um. (d) Histogram of

the mobility of 20 FsCuPc OFETs. The average electron mobility was 1.95 x 102 cm? V! s'!

among 20 devices, and the highest value was 3.60 x 102 cm? V! s°1.
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Fig. S12 (a) Schematic of an OFET of 2DMC of C6-DPA. (b) Typical transfer and (c) output
curves of 2DMC of C6-DPA. The channel length was 97 um and the channel width was 105
pm. (d) Histogram of the mobility of 30 C6-DPA OFETs. The average hole mobility was 1.85

cm? V-! s among 30 devices, and the highest value was 3.16 cm? V-! 51,
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Fig. S13 Hysteresis curves of C6-DPA, F;sCuPc and their heterojunction.

The hysteresis curves of C6-DPA, F,;CuPc and their heterojunction were shown in Fig. S13.
The hysteresis of the p-channel was unchanged after the formation of heterojunction (Fig. S13a,
c¢), which indicated that the quality of the C6-DPA/SiO, interface was unchanged. The
hysteresis of the n-channel was reduced prominently after the formation of heterojunction (Fig.
S13b, d), indicating that the quality of the F,;CuPc/C6-DPA interface was much better than that

of F,sCuPc/SiO, interface.

One main reason for hysteresis of OFETs was charge trapping at the interface of organic
semiconductor/dielectric interface.?*?> The n-channel of heterojunction was in contact with the
2DMC:s. Due to the high-quality of 2DMCs, F;4CuPc/2DMCs interface had fewer electron traps
than F;4CuPc/SiO, interface. The other reason was that water and oxygen in the air can induce
electron trap centers.?%?” When FCuPc was deposited on 2DMCs of C6-DPA, the grain size
was large, which protected the film from the air and thus reduced charge trapping.?®? As a
result, the n-channel of heterojunction aOFETs showed smaller hysteresis than that of single-

component OFETs (Fig. S13).
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Fig. S14 2D and 3D AFM images of (a) polycrystalline thin film of C6-DPA prepared by

thermal evaporation and (b) F;cCuPc thermally evaporated on polycrystalline thin film of C6-

DPA, respectively.
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Fig. S15 (a) Transfer and (b) output curves of an OFET based on thermally evaporated C6-
DPA on SiO,. The hole mobility was 0.33 cm? V-! s-!, which was ~ 10 times smaller than that
of 2DMC of C6-DPA (Fig. S12). The channel length was 155 um and the channel width was

167 pm.
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Fig. S16 Typical transfer characteristics of thermally evaporated F,;CuPc/C6-DPA aOFET
under (a) negative and (b) positive drain bias, respectively. The channel length was 155 pm and

the channel width was 168 pm.

The transfer characteristics of the two-step vacuum-deposition processed bilayer aOFET
exhibited p-channel operation mode only with hole mobility of 0.34 cm? V-! s!, and the n-
channel mode was not observed. The poor performance was attributed to the poor morphology

of the films and the rough interface between the C6-DPA and F,cCuPc (Fig. S14).
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