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Supplementary Figure 1. Simulated transfer characteristics of the ambipolar transistor 

under compensation fields with different potential gradient along the channel. a Simulated 

transfer characteristics of the ambipolar transistor under linearly varied compensation potentials 

with different gradient along the channel. b, c Simulated transfer characteristics of the 

ambipolar transistor under uniform compensation potentials along the channel. d, e Simulated 

transfer characteristics of the ambipolar transistor under linearly varied compensation potentials 

with the same gradient and different value along the channel. The insets are the compensation 

potentials applied along the channel. 
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Supplementary Figure 2. Transistor performance of a, b pure PDPP-4FTVT, c PDPP-

4FTVT(5%)@PS and d PDPP-4FTVT(20%)@PS films. 5% and 20% represent the weight ratios 

of PDPP-4FTVT in the blend films.  
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Supplementary Figure 3. Performance of P2F based ambipolar transistors. a Chemical 

structure of P2F. b Field-effect electron and hole mobility of the transistors based on P2F and 

P2F@PS blends. c Transfer and d output characteristics of pure P2F transistor. e Transfer and f 

output characteristics of P2F10%@PS transistor. The transfer curves in c and e were measured 

at Vd = -60 and 60 V for p-type and n-type respectively.  
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Supplementary Figure 4. Morphology/microstructure characterization of P2F and 

P2F10%@PS films. a Absorbance of P2F and P2F10%@PS blend. The dash lines are the 

absorbance of P2F10%@PS films after different time of oxygen plasma etching, which 

demonstrate there are no obvious vertical phase separations of conjugated polymers and 

insulators. b Typical GIWAXS 2D pattern and c 1D radially-integrated data of P2F and 

P2F10%@PS thin films. The blue and orange curves are attributed to the P2F and P2F10%@PS 

data, respectively.  
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Supplementary Figure 5. Transfer characteristics of a, b PDPP-4FTVT10%@PS and c, d 

P2F10%@PS transistors measured before, at and after heating to 130 oC.  
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Supplementary Figure 6. Transfer characteristics of a, b PDPP-4FTVT10%@PS, and c, d 

P2F10%@PS transistors before and after introducing uniformly distributed electret charges along 

the channel by the gate stress of VG = 90 V & VD = 0 V (a, c), and VG = -90 V & VD = 0 V (b, 

d).  
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Supplementary Figure 7. Output characteristics of PDPP-4FTVT10%@PS transistor under a 

n-type operation, with electret charges injected by VG = -20 V & VD = 60 V, and b p-type 

operation, with electret charges injected by VG = 20 V & VD = -60 V. 
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Supplementary Figure 8. Transfer characteristics of PDPP-4FTVT10%@PS transistor 

without and with non-uniformly distributed electret charges. The electret charges are 

injected by: a VG = -20 V & VD = 60 V, b VG = 10 V & VD = -80 V and c VG = 40 V & VD = -60 

V. 
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Supplementary Figure 9. Performance of ambipolar transistor based on P2F10%@PS with 

non-uniformly distributed electret charges. a Transfer and b output characteristics of 

P2F10%@PS transistor with electret charges injected by VG = 20 V & VD = -60 V. c Transfer and 

d output characteristics of P2F10%@PS transistor with electret charges injected by VG = -20 V 

& VD = 60 V. 
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Supplementary Figure 10. Performance of ambipolar transistors based on pure a, b PDPP-

4FTVT and c, d P2F films with non-uniformly distributed electret charges, which were injected 

by VG = 20 V & VD = -60 V (a, c), and VG = -20 V & VD = 60 V (b, d). 
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Supplementary Figure 11. Non-uniformly distributed electret charges for p-n planar 

heterojunction ambipolar transistors. a Schematic diagram of operations and b transfer 

characteristics of n-type C8-PDI top/p-type C12-BTBT bottom ambipolar transistor with non-

uniformly distributed electret charges injected by VG = 20 V & VD = -60 V. c Transfer 

characteristics and d schematic diagram of operations of p-type C12-BTBT top/n-type C8-PDI 

bottom ambipolar transistor with non-uniformly distributed electret charges injected by VG = 

20 V & VD = -60 V. 

  

a  

b  c  

d 

Trapped Electrons  

Trapped Electrons  



     

12 

 

 

Supplementary Table 1. Statistics of mobility and on/off ratio of organic ambipolar transistors 

with nearly balanced electron and hole mobility (1 < µp/µn < 5 or 1 < µn/µp < 5) under relatively 

high drain voltage reported in recent five years. 
 

Material 
µp 

(cm2 s-1 V-1) 

µn 

(cm2 s-1 V-1) 
On/Off Ratio Reference 

PTFDFT 1.08 2.23 102 1 

2DMC 0.87 0.82 102 2 

PDBD-Se 8.9 7.71 103 3 

PIID-CNTVT-C1 1.14 0.59 103 4 

RI-PDPP-CNTVT-6 1 0.87 103 5 

PIIG-iFT2 0.12 0.05 102 6 

PAIID-FDTE 2.94 3.27 103 7 

PDPP3T (Split-Gate) 0.46 0.1 105 8 

P3T4-INCN 0.15 0.05 105 9 

PFIBI-BT 5.1 4.2 103 10 

PBPTV 6.87 8.49 102 11 

BTZI-BTzOR (P3) 0.34 0.5 101 12 

P1FIID-2FBT 5.88 6.75 102 13 

QBS/PVN 0.1 0.04 102 14 

DPP-TT-T (Split-Gate) 0.01 0.005 104 15 

PDPPTPT (Tri-Gate) 1.5*10-4 1.5*10-4 104 16 

PBCDC 0.2 0.2 102 17 

CNTVT:SVS (5:5) 3.15 3.03 101 18 

DTBTff 0.44 0.15 103 19 

IID24−CNTVT 0.26 0.83 102 20 

P6F 2.67 2.57 104 21 

BTBT-PA+ PTCDI-Ph 1.06*10-3 2.4*10-3 104 22 

PNDI-DCS 0.42 0.447 105 23 

PDPPF-DFT 0.26 0.12 103 24 

PTDCNTVT-2 1.28 0.97 102 25 

PTTDPP-DT-DTT 0.298 0.109 104 26 

(perylene)(DBrDCNQI) 4.2*10-2 5.3*10-3 101 27 

PDBPyDT2FBT 0.24 0.65 104 28 

Y6 0.84 1.94 103 29 

TIPS-PEN/C60 2.7 2.9 104 30 

TiOPc 0.08 0.02 104 31 

BPE-PTCDI/BPE-

PTCDI 
0.32 0.43 101 32 

DbT-TTAR/DTTQ-11 0.83 0.37 101 33 

PQuT-T 4.82 1.11 101 34 

pentacene 0.2 0.26 101 35 

PDCNBT2T 0.59 0.47 101 36 

TPB/PCBM 0.08 0.11 103 37 

P2DPP-TT 4.16 3.01 104 38 

P2-A 2.4 6.3 101 39 
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Supplementary Figure 12. a EPSC generated by variety of pre-synapse pulse with different 

pulse voltages and the same pulse width (0.5 s) for potentiation. b IPSC generated by variety 

of pre-synapse pulse with different pulse voltages and same pulse width (0.5 s) for depression. 

c Pulse voltage dependent ΔEPSC for potentiation and depression. d Long-term retention 

characteristics of EPSC generated by -100 V (1 s) pre-synapse pulse. e EPSC of pure PDPP-

4FTVT film based synaptic transistor. f IPSC of PDPP-4FTVT10%@PS based synaptic 

transistor stimulated firstly. g IPSC and h EPSC of PDPP-4FTVT10%@PS based synaptic 

transistor detected at VD = -60 V. i PPD (= (A2 - A1)/A1) as a function of the pulse interval time 

(Δt).  
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