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Equivalence of Photocurrent Dissymmetry, Responsivity Dissymmetry and External Quantum 

Efficiency Dissymmetry  

The expression for the dissymmetry factor of photocurrent is given by  

𝑔!" =
𝐼# − 𝐼$

1
2 (𝐼# + 𝐼$)

 

Where 𝐼# and 𝐼$ are the photocurrents of the photodetector under left- (L-) and right-handed circularly 
polarised light (R-CPL) respectively. Similarly, the dissymmetry factors of responsivity, 𝑅, and the 
external quantum efficiency, 𝐸𝑄𝐸, are given by: 
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1
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𝑔%&% =
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where 𝑅 and 𝐸𝑄𝐸 represents the responsivity and EQE of the photodetector and subscripts 𝐿 and 𝑅 
indicate left- and right-handed circularly polarised illumination, respectively. EQE and responsivity are 
related by the following expression: 

𝐸𝑄𝐸 =
𝑅ℎ𝑐
𝜆𝑒

 

Substituting this into the expression for 𝑔%&%: 
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demonstrating that 𝑔%&% is identical to 𝑔$ when measured under the same experimental conditions. 
Further, 𝑅 may be expressed as: 

𝑅 =
𝐼!"
𝑃'!(

 

Where 𝐼!" is the measured photocurrent and 𝑃'!( is the total optical power incident on the active area 
of the device. Applying this to the expression for 𝑔$ yields: 
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When the measurement of dissymmetry factor of responsivity is carried out correctly, 𝑃'!( under L-
CPL and R-CPL is the same, thus  
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Where we have used the following straightforward relationships: =𝐼!"># = 𝐼#, =𝐼!">$ = 𝐼$ and 
=𝑃'!(># = =𝑃'!(>$ = 𝑃'!(.   

In summary, we have shown that  

𝑔%&% = 𝑔$ = 𝑔!" 

for the same intensity and wavelength of incident light and thus, these figures of merit are equivalent 

and do not need to be individually defined or measured for a defined set of experimental conditions. 

Differences in the measurement of these three quantities can only arise from different measurement 

conditions, such as wavelength of excitation, applied bias (including gate biases for photoFETs), 

intensity of illumination and device dimensions, to name the most obvious examples. 

Definition of and Generation of Left- and Right-handed Circularly Polarised Light 

Circularly polarised light is a polarisation of light in which the electric field vector rotates in a circle as 

it propagates through space. Circularly polarised light exists in two forms: left- (L-) and right-handed 

circularly polarised light (R-CPL). Two conventions for the definition of L-CPL and R-CPL exist: one 

that is traditionally used in the field of engineering, conforming with IEEE Standard 149™-19791 and 

a second standard which, whilst unnamed, is often referred to as the “Physics” definition. Unfortunately, 

these two standards define L-CPL and R-CPL oppositely (i.e., L-CPL in the IEEE standard is R-CPL 

in the Physics standard and R-CPL in the IEEE standard is L-CPL in the Physics standard), leading to 

frequent confusion between authors due to the lack of a single “correct” standard. While there is no 

“correct” definition of L- and R-CPL, it is essential that, within a given study, the definition of L-CPL 

and R-CPL is self-consistent. Specifically, measurements such as circular dichroism and photocurrent 

dissymmetry should ideally make use of the same polarisation standard.  

Figure S1 demonstrates the definitions of L- and R-CPL used by the Applied Photophysics Chirascan™, 

which is used in the measurement of circular dichroism of optically active materials and has been used 

extensively in our previous work.2 This instrument adopts the Physics standard definition of CPL and 

as such, we use this standard in our own studies to ensure internal consistency.  

 



 

Figure S1: Definitions of left- (top) and right-handed (bottom) circularly polarised light as used in the Applied Photophysics 
Chirascan™. 

As shown in figure S1, a linear polariser is used to align the electric field vector from an unpolarised 

light source in one plane at a 45° relative to the x- and y-axes of the optical coordinate system. This 

linearly polarised electric field can be considered to be composed of two in-phase perpendicular 

sinusoidal electric fields of equal magnitude, with one aligned along the x-axis and the other aligned 

along y-axis of the coordinate system. The linearly polarised electric field is then passed through a 

quarter-wave plate (QWP), which has two orthogonal axes – the fast-axis and slow axis. QWPs take 

many forms (e.g., birefringent crystals, Fresnel rhombs and photoelastic modulators) but all have the 

same effect: the electric field component aligned along the fast-axis leaves the quarter-wave plate with 

a phase lead of 90° (a quarter-wave) ahead of the electric field component aligned along the slow axis. 
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By aligning the fast-axis with the y-axis of the coordinate system, the y-component of the electric field 

is advanced by a quarter-wave relative to the x-component, producing L-CPL. Conversely, by aligning 

the fast-axis with the x-axis of the coordinate system, the x-component of the electric field is advanced 

by a quarter-wave relative to the y-component, producing R-CPL. Note that the QWP should be rotated 

when switching between L-CPL and R-CPL (as shown in Figure S1) as any slight linear polarisation in 

the light source will lead to changes in 𝑃'!( transmission through the linear polariser and QWP if the 

linear polariser is rotated. This leads to a violation of the assumption that =𝑃'!(># = =𝑃'!(>$ = 𝑃'!( 

which is essential for the accurate calculation of several CPL parameters such as 𝑔!" as discussed in 

section 1. 

To ensure that the polarisation generated in figure 1 is a pure circular polarisation, as opposed to a linear 

or elliptical polarisation, it is advised that a commercial polarimeter is used to determine the polarisation 

ellipse of the polarised light. For a perfect circular polarisation, the shape of this ellipse should be 

circular. 
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