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Reliability factor and effective mobility calculation: 

 

The measurement reliability factor, r, is determines the behaviour of reported FETs follows the 

physics of the simple linear increase of conductivity with carrier density under the assumption 

of a constant mobility and negligible threshold voltage. It is defined as the ratio of the 

maximum channel conductivity experimentally achieved in a FET at the maximum gate voltage 

to the maximum channel conductivity expected in a correctly functioning ideal FET with the 

calculated carrier mobility μ and identical other device parameters at the same maximum gate 

voltage. Reliability factor, r can be calculated from the calculated μ, the stated device 

parameters and the FET characteristics. In the saturation regime, it is easy to show that the 

reliability factor is:  
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 is the calculated mobility, L, W and C
i
 are the device parameters, and |I
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experimental maximum source–drain current reached at the maximum gate voltage |V
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 denotes the source–drain current at V
GS

 = 0.  

 

The effective mobility is calculated from the reliability factor, where reliability factor is 100%. 

The effective mobility can be also calculated from reliability factor and claim mobility from 

the equation, µ
eff

= r x µclaimed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EQE and Brightness measurements: 

 

Brightness measurements:  
 

The optical characteristics of the devices throughout this study their emission was measured 

using a photomultiplier tube (PMT, Hamamatsu H10721-20) which was calibrated by a 

luminance meter (Konica Minolta LS100) and converted into a corresponding current. This 

had been done using a Super Yellow based OLED with a known area and brightness. Using 

these known values, the photocurrent for devices could be converted to a brightness value. 

 

  
 

The control OLED gave a recorded photocurrent of 71 nA per cd/m2 and had an area of 0.92 

mm2. The calibration curve of the PMT with the OLED can be seen in Figure S1b. To note is 

that the linearity for the gain setting of 0.4 held up to approximately 600 cd/m2. For higher 

values (> 600 cd/m2) a lower gain of 0.3 was used to obtain a calibration curve. In all 

measurements, the distance between the PMT and the substrate was kept at a constant 1 cm to 

maintain a fixed solid angle. 

Figure S1a: A schematic of the use of the spectrometer to determine the evolution of the 

brightness of the device with applied gate voltage. The photomultiplier tube converts the light 

detected by the photodetector into an equivalent current which can be converted into a brightness. 



 
To calculate the brightness of the device (at 0.4 gain) a conversion factor was set up as follows: 

 

𝐵𝑟𝐷𝐸𝑉𝐼𝐶𝐸 =
1

71 𝑛𝐴
∙

0.92 𝑚𝑚2

𝐴𝐷𝐸𝑉𝐼𝐶𝐸
  (1) 

 

where 𝐵𝑟𝐷𝐸𝑉𝐼𝐶𝐸 is the brightness of the device and 𝐴𝐷𝐸𝑉𝐼𝐶𝐸 is the area of emission. This could 

be calculated employing a cross-sectional histogram of the device’s micrograph and 

extrapolation using the known dimensions of the shadow masks used for the corresponding 

electrode.  

 

EQE measurements:  

 

The emission was assumed to be Lambertian i.e., with an intensity directly proportional to 

cos(θ) where θ is the viewing angle. Hence, taking the normal of the device as the maximum, 

the luminous flux 𝛷𝐿𝑈𝑀 – energy emitted from the device per unit time – was then be calculated 

as: 

 

𝛷𝐿𝑈𝑀 = ∫ 2 ∙ 𝜋 ∙ 𝐿0 ∙
𝜋

2
0

cos 𝜃 ∙ sin 𝜃 𝑑𝜃 (2) 

 

where 𝜃 is the angle from the normal at which the light is detected and 𝐿0 is the brightness (in 

cd/m2) of the emission. This then simplifies to: 

 

𝛷𝐿𝑈𝑀 = 𝜋 ∙ 𝐿0 ∙ 𝐴𝐷𝐸𝑉𝐼𝐶𝐸   (3) 

 

where 𝐴𝐷𝐸𝑉𝐼𝐶𝐸 is the area of the emission and determines the final unit of 𝛷𝐿𝑈𝑀 which is 

lumens (lm). 

 

Because not all wavelengths are detected equally, a measurement was required to weight the 

spectral components of the measured light according to their detectivity by the human eye. This 

was done using the human eye response curve, which at the peak of sensitivity (555 nm) has a 

flux of 683 lm/W. The measured flux could then be related to the power following the weighted 

scheme: 

 

Figure S1b: The calibration curve for the photomultiplier tube with the Super Yellow 

OLED. The markers represent the experimental data and the line the linear fit 
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= 683

∫ 𝐸𝑅(𝜆)∙𝐸𝑙(𝜆)𝑑𝜆

∫ 𝐸𝑙(𝜆)𝑑𝜆
  (4) 

 

where the top term on the right is the area under the electroluminescence curve 𝐸𝑙(𝜆) weighted 

by the eye response curve 𝐸𝑅(𝜆) and the bottom term is the area under the electroluminescence 

curve 𝐸𝑙(𝜆). These curves were all normalised prior to calculation and the eye response curve 

is shown in Figure S1c. This was then rearranged to find the power using the known 𝛷𝐿𝑈𝑀 

from the previous step. 

 

 
 

Using the determined Power, the number of photons emitted from the device could then be 

calculated. It is known that the energy of n photons is: 

 

𝐸 =
𝑛∙ℎ∙𝑐

𝜆
   (5) 

 

where c is the speed of light, h is Planck’s constant and 𝜆 is the wavelength of the light 

measured. For a range of wavelengths, at which devices are measured, the centroid wavelength 

can be calculated as follows: 
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This then allows for n to be calculated as: 
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n is here the number of photons emitted per second, hence allowing us to convert the E into 

Power. 

 

Once the number of photons emitted per second had been calculated the next step was to focus 

on the charge carriers. In the case this study’s devices the dominant charge carriers were 

Figure S1c: The normalised Eye Response curve, indicating the 

sensitivity of the human eye to particular wavelengths of light. 
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electrons. In order to calculate the number of electrons injected and flowing through the device 

per second, the source drain current was divided by the fundamental charge of an electron. 

 

The EQE could then finally be calculated as the ratio of the number of photons emitted from 

the device per second (nph) to that of the number of electrons injected into the device (ne) as 

follows: 

 

𝐸𝑄𝐸 =
𝑛𝑝ℎ

𝑛𝑒
   (8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Figure S2: Device fabrication: (a) scratching the substrates using diamond lapping film; (b) 

dip-coating of DPP-DTT films; (c) evaporation of hole injecting electrode; (d) spin-coating 

and (e) evaporation of electron injecting electrode. 

 

 

 

 

 

Figure S3: Chemical structures of (a) DPP-DTT; (b) Super Yellow (SY); (c) PCAN. 

 

 



 

Figure S4: Capacitance versus number of scratches on SiNx. 
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Figure S5a: Output characteristics of SY based LEFETs. 

 

Figure S5b: Single slope linear fitting SQRT(IDS) versus VGS data of SY (yellow) and PCAN 

(blue) based LEFETs. 

 

-100 -80 -60 -40 -20 0
0

-2

-4

-6

 Ids

Ip
h

o
to

 [

A

]

V
DS

  [V]

I D
S
 [
m

A
] V

GS

40

30

20

10

0

 Iphoto



 

Figure S6: EQE versus current density of SY based LEEFTs. 

 

Figure S7: Output characteristics of PCAN based LEFETs. 
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Figure S8: EQE versus current density (J) of PCAN based LEEFTs (with TPBI layer and 

without TPBI layer under the electrode). 



 

Figure S9: Electroluminescence (top) and photoluminescence (bottom) spectra of SY and 

PCAN based LEFETs. 



 

 

Figure S10: Charge transport and injection mechanism and their relative energy levels: (a) 

SY based LEEFTs; (b) PCAN based LEFETs. 

 

 

 



 

Figure S11: Transmission of the electron injecting electrode (TPBI/Sm/Al). 

 

 

 

 

  



Table S1: Comparison with Literature.  

A comparison of the results of green-yellow LEFETs, previously reported and in this study. 

 

  

 This study Ref #1 Ref #2 Ref #3 Ref #4 Ref #5 Ref #6 

Device 

Architecture 

3 terminal 

2-layer 

3 terminal 

3-layer 

3 terminal 

2-layer 

3 terminal 

2- layer 

3 terminal 

1- layer 

3 terminal 

1- layer 

3 terminal 

2- layer 

Emissive 

Material 

SY SY SY SY F8BT Rubrene & 

Tetracene  

(Single 

Crystals) 

Rubrene 

μhole 

(cm2/Vs) 

5 0.12 0.5  0.5  - 

(<0.001) 

0.82 & 2.3 - 

μelectron 

(cm2/Vs) 

- 0.003 -  0.2  - 

(<0.001) 

0.27 & 0.12 0.6 

Maximum 

Brightness 

(cd/m2) 

29,000 

 

2,100 

 

800  

@-100 V 

850   8,000 800  220  

 

EQE at 

maximum 

brightness (%) 

0.4 

 

0.06 

 

0.08 

@-100 V 

0.1 4  0.002 & 0.02 0.012 

 



Table S2: Comparison with Literature.  

A comparison of the results of blue emitting organic LEFETs, previously reported and in this 

study. 

 

  

 This study Ref #1 Ref #7 Ref #8 Ref #9 Ref #10 

Device 

architecture 

3 terminal 

2-layer 

3 terminal 

3-layer 

3 terminal 

1-layer 

3 terminal 

1-layer 

3- terminal  

1-layer 

3 terminal   

3-layer 

Material PCAN SPB-02T EFIN BSB-Me 

(single 

crystal) 

P3V2 

(single 

crystal) 

PFO 

Emission 

colour 

Deep blue Clue blue blue blue blue 

μhole 

(cm2/Vs) 

7 0.1  0.000006 0.0001 0.11 0.16 

μelectron 

(cm2/Vs) 

- 0.004 -  0.01 0.013 - 

Maximum 

brightness 

(cd/m2) 

9,600 

 

816 

 

Not reported Not reported Not reported 137 

EQE at 

maximum 

brightness (%) 

0.7 

 

0.05 

 

Not reported  Not reported Not reported 0.001 
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