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Abstract 

Magneto-electroluminescence (MEL) represents the electroluminescence intensity change upon 
the application of an external magnetic field. We show that the MEL field response in ‘magnetic’ 
organic light emitting diodes, where one electrode is ferromagnetic (FM), is a powerful technique 
for measuring the induced fringe field, 𝐵�⃗ 𝐹 from the FM electrode into the organic layer. We 
found that the in-plane fringe field, 𝐵�⃗ 𝐹||  from 3 nm Co and Ni80Fe20 FM electrodes is 
proportional to the applied field, 𝐵�⃗ ||. The fringe field of 3 nm Ni80Fe20 film was also investigated 
for an applied out-of-plane magnetic field, 𝐵�⃗ ⊥. We found that the out-of-plane fringe field has 
two components; a component that is parallel or antiparallel to 𝐵�⃗ ⊥ and remains unchanged 
with the distance, d from the FM electrode. Whereas the other component is highly 
inhomogeneous, parallel to the surface and steeply decreases with d. We show that the obtained 
𝐵�⃗ 𝐹 is independent of the underlying mechanism for the MEL(B) response, and thus may be 
considered as universal. 
 

1. Introduction 
Magnetic thin films have attracted substantial scientific and technological interest because of 
their wide applications in spintronics1,2, high frequency devices3, magnetic sensors4,5, data 
storage media6 and read heads7. The magnetic properties of thin ferromagnetic (FM) films have 
been studied under diverse conditions such as different temperatures, applied magnetic field 
direction and strength.2 However, so far there has been no accurate method for measuring the 
fringe field from thin FM films. Fringe field is the peripheral magnetic field emanating from a 
ferromagnet or magnet core8. Usually the fringe field has been simulated using magneto-statics 
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models in relation to magnetization measurements.8 Although magnetic force microscopy (MFM) 
has been successfully used for measuring the fringe field perpendicular to the FM films, this 
method does not accurately determine the fringe field strength parallel to the FM substrate.9,10 
 
Meanwhile the magnetic field effect (MFE) has been successfully used for studying 
spin-dependent processes in organic semiconductors and organic-inorganic hybrid perovskites 
based films and devices, including solar cells and light emitting diodes11-14. The MFE underlying 
processes are based on magnetic field modification of spin-dependent reactions that may be 
measured by photoluminescence, electroluminescence (EL), photocurrent, photoinduced 
absorption and conductivity. In particular, magneto-EL (MEL) is a very useful tool for studying the 
spin dependent light-emitting processes that control the EL intensity and emission color in 
organic light emitting diodes (OLEDs).14,15  
 
Engineered fringe field was first mentioned in MFE response of Alq3-based OLED having 
structured FM electrode.8 Subsequently, magnetic fringe field control of the MFE response in 
OLEDs have been studied using different FM films16-20. Spatially inhomogeneous magnetic fringe 

field was believed to be responsible for these phenomena. Ref [20] dubbed this mechanism as ‘Δ

B mechanism’. Inspired by these previous works it is clear that further studies of the magnetic 
fringe field in OLEDs using the MEL technique are in order.  
 
In this work we have used the MEL(B) response in ‘magnetic’ OLEDs based on thin FM electrodes 
as cathodes, to systematically study the fringe field. The MEL(B) response in traditional OLED is 
independent of the direction of the external magnetic field (B��⃗ 𝐸). The response is usually a 
monotonic function of the external field (BE), which can be fitted empirically using Lorentzian or 
non-Lorentzian functions.21 The main idea for studying fringe fields by the MEL(B) response in 
magnetic OLEDs is that when a fringe field (B��⃗ 𝐹) is induced in the active layer by the FM electrode, 
then BE needs be replaced with the local magnetic field, B��⃗ 𝐿 such that: 

                           B��⃗ 𝐿 = B��⃗ 𝐹 + B��⃗ 𝐸.                                      (1)  

Consequently, by comparing MEL(BE) response of a traditional OLED with that of a magnetic OLED, 
we may determine B��⃗ 𝐹 using Eq.(1). 
 
In this work we have used different types of OLED devices, where the active materials are Alq3 or 
thermally activated delayed fluorescence (TADF) compounds. It has been known that the MEL(B) 
response in Alq3-based OLEDs is caused by the hyperfine interaction of polaron pairs21,22, 
whereas the MEL(B) response in TADF-based OLEDs is believed to be dominated by the Δg 
mechanism of the exciplex state15. With these two different types of OLEDs, we show here that 
the fringe field obtained from the MEL(B) response is independent of the MEL underlying 
processes, and thus the method introduced here is universal23. We also show that this method is 
viable for different types of ferromagnetic films, and of various thicknesses. We analyze the 
induced fringe field in two typical conditions, with B��⃗ 𝐸  parallel (in-plane) or perpendicular 
(out-of-plane) to the FM electrode plane. 
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Since there are about eight types of different OLED devices discussed in this work, then for the 
reader benefit Table 1 summarizes the purpose and device structure of all OLEDs used in our 
work. There are OLEDs based on TADF or Alq3 organic active layers; traditional devices; and 
magnetic devices based on NiFe ferromagnetic cathode with various thicknesses.  
 
Table 1: Summary of the purpose and structure of all OLED devices presented in this work. 
 

Purpose Active Material 
Device 

# 
Structure 

In-plane FF 

(3 nm FM layer) 

TADF (mCP:B3PYMPM) 
1 ITO/PEDOT:PSS/TADF (40 nm)/LiF/Al 

2 ITO/PEDOT:PSS/TADF (40 nm)/LiF/Ni80Fe20 (3 nm)/Al 

Alq3 (Thickness 

Dependence) 

3 ITO/PEDOT:PSS/Alq3 (20-140 nm)/LiF/Al 

4 ITO/PEDOT:PSS/Alq3(20-140 nm)/LiF/Ni80Fe20 (3 nm)/Al 

Comparison of 

Ni80Fe20 and Co 
 

ITO/PEDOT:PSS/Alq3(20 nm)/LiF/Ni80Fe20 (3 nm)/Al 

 
ITO/PEDOT:PSS/Alq3(20 nm)/LiF/Co(3 nm)/Al 

Out-of-plane FF 

(3 nm FM layer) 

TADF (mCP:B3PYMPM) 
5 ITO/PEDOT:PSS/TADF (40 nm)/LiF/Al 

6 ITO/PEDOT:PSS/TADF (40 nm)/LiF/Ni80Fe20 (3 nm)/Al 

Alq3 (thickness 

dependence) 
7 ITO/PEDOT:PSS/Alq3(20-140 nm)/LiF/Ni80Fe20 (3 nm)/Al 

In-place FF (FM 

layer thickness 

dependence) 

TADF (MeO-TPD: 

3TPYMB) 
8 ITO/PEDOT:PSS/TADF/LiF/Ni80Fe20 (0, 3, 5, 30 nm)/Al 

 
 
2. Results and Discussion 

2.1 The OLED devices 
Details of the traditional and ‘magnetic’ device fabrication methods are given in the experimental 
section. The molecular structures of the active layers such as mCP (TADF donor), B3PYMPM 
(TADF acceptor) and Alq3 molecules are shown in Figure 1a. The device structure of the 
mCP/B3PYMPM based OLED without (device1) and with a 3 nm Ni80Fe20 electrode (‘magnetic’ 
device2) are presented in the insets of Figures 1c and 1d. The 40 nm active organic layer in the 
device is composed of the co-deposited blend of mCP and B3PYMPM with a volume ratio of 1:2. 
Figure 1b shows the atomic force microscope (AFM) image of the top LiF surface in the multilayer 
structure comprise of glass/ITO/PEDOT:PSS/mCP:B3PYMPM/LiF. The obtained roughness is a 
good estimate for the inhomogeneous shape of the 3 nm Ni80Fe20 surface. Figures 1c and 1d 
depict the I-V and EL-V characteristic responses of device1 and device2 in semi-logarithmical 
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y-axis. The approximately straight lines at high applied bias voltage indicate the exponential 
nature of the current-voltage relation in both devices.  
 
We note that the ‘magnetic’ device2 has a higher turn-on voltage than the traditional device1, 
because of the higher work function of Ni80Fe20 compared with that of aluminum (Figure S5). This 
may be also deduced from the turn-on current density that is much higher for device2. This 
indicates that at operation with EL emission, the density of holes is much larger than the electron 
density. Consequently, the e-h recombination zone of the device is close to the LiF layer, which is 
subjected to fringe field from the FM electrode, even if the active layer is much thicker than the 
depth inside the organic layer at which the fringe field exists.    

 
Figure 1. Morphology and physical characterization of the TADF-based OLED devices without 
(device1) and with a 3 nm Ni80Fe20 electrode (‘magnetic’ device2). a, The chemical structures of mCP 
(TADF donor), B3PYMPM (TADF acceptor) and Alq3 molecules. b, The atomic force microscope (AFM) 
image of the top LiF surface in a multilayer comprises of glass/ITO/PEDOT:PSS/mCP:B3PYMPM/LiF. The 
upper section shows the change in height along the black line in the bottom section. c, The I-V (red 
line) and EL-V (blue line) responses of device1 on logarithmical y-scale. The inset shows the respective 
device structure. d, Same as in (c) but for device2. 

 
2.2 Application of in-plane external field  
Figures 2a and 2b show the MEL(B) responses of device1 and device2, where B is applied parallel to 
the device plane. The MEL(B) response is defined by the relation:  

MEL(B) =  �EL(B)– EL(0)�
EL(0)

 × 100% ,                          (2) 

where EL(B) [EL(0)] is the EL intensity measured at the external magnetic field, B [or B = 0]. The red 
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lines in Figures 2a and 2b are fits using a non-Lorentzian function: 

 MEL(B) = MEL𝑚𝑚𝑚 × B2

(|B|+B0)2
 ,                         (3) 

where MELmax is the MEL(B) where B >> B0, and B0 is a fitting constant at which field MEL(B0) = 
MELmax/4. From the fitting of the MEL(B) responses, the full width at half maximum (FWHMs) were 
determined to be 18 mT and 60 mT for device1 and device2, respectively. We believe that the larger 
FWHM in the ‘magnetic’ OLED is due to the induced fringe field from the FM electrode (see below).  
 
It was proposed 15 that the ‘Δg mechanism’ explains the MFE in TADF donor-acceptor based films and 
OLEDs, where Δg is the difference between the g-factors of the electron and hole in the exciplex 
manifold. Δg may be large for TADF exciplexes because the electron and hole are separated onto the 
acceptor and donor molecules, respectively. In this model Δg increases the spin mixing rate between 
the singlet exciplex state (1EX) and triplet exciplex states (3EX), when subjected to an external 
magnetic field13 due to different precession frequencies of the spin ½ electron and hole. Consequently, 
this decreases the population of 3EX because of the much shorter life-time of 1EX compared to that of 
3EX. This is the so-called ‘magnetic field induced reverse intersystem crossing’ (M-RISC) process.24 The 
FWHM of the MFE(B) response due to this mechanism is proportional to 1/Δg.13 

 
Figure 2. In-plane MEL(B) responses of OLED device1 (traditional) and device2 (having 3 nm thick 
NiFe electrode), and the mechanism for inducing the in-plane fringe field. a, MEL(B) response of 
device1 up to 200 mT showing FWHM of ~18 mT. The bias voltage and corresponding current are 6 
Volts and 25 mA/cm2, respectively. b, Same as in (a) but for device2, having FWHM of 60 mT. The bias 
voltage and corresponding current are 7.5 V and ~ 25 mA/cm2, respectively. c, Magneto-optic Kerr 
effect (MOKE) measurements of device1 and device2; the latter shows the M(B) response of the 3 nm 
thick Ni80Fe20 FM electrode. d, Schematics of the local field, BL that influences the MEL(B) response of 
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device2 subjected to an externally applied field, B||. BF is the induced fringe field from the FM 
electrode. The arrows inside the Ni80Fe20 layer represent the FM film magnetization. The curved 
arrows represent the fringe field induced by the magnetic dipoles in the FM. The group of arrows at 
the right bottom corner represent the decreasing magnitude of the fringe field with increasing 
distance from the FM layer. 

 
When in proximity to a FM surface electrode, the organic active layer is subjected to a fringe field 
induced by the substrate magnetization. The Ni80Fe20 film does not affect the g-factors of the 
electrons and holes in the organic layer. Rather, under in-plane external magnetic field (B��⃗ ||), the 
FM film magnetization induces an in-plane fringe field (B��⃗ 𝐹) in the active layer, which decays away 
from the FM electrode, as shown in Figure 2d; where B��⃗ 𝐹 is antiparallel to B��⃗ ||. However we 
believe that the recombination zone in device2 is close to the LiF layer, and thus the e-h pair are 
subjected to the fringe field having substantial strength.  
 
According to equation (1) for parallel field vectors, the local field, BL in the active layer is: BL = B|| - 
BF, where BL, B|| and BF are the correspondent field strengths. As shown in Figure 2c, the Kerr 
angle measured from the glass side has a linear relationship with the external in-plane magnetic 
field up to 200 mT. This indicates that the induced fringe field, BF which is proportional to the FM 
magnetization, would, in turn, be proportional to B||, leading to a linear relationship between BL 
and B||. This conclusion is in agreement with the MEL(B) responses of device1 and device2. The 
MEL(B) response of device2 has the same shape as that of device1 except that is broader. In this 
case the calculation of the fringe field (at the recombination zone) is straightforward. The 
FWHMs ratio of device1 and device2, estimated from the MEL(B) responses is ~0.3, this is equal 
to the ratio BL/B|| which is (B|| - BF)/ B||. Consequently we calculate from Eq. (1) Bf = 0.7 B|| , or Bf 

=140 ± 14 mT at applied field B|| = 200 mT. We note that in our analysis we did not take into 
account the strengths of the two MEL(B) responses, because these may depend on many 
factors.14,25 However, the FWHM of the MEL(B) response is a more robust property of the MFE 
response.13,26,27 We also note that a more accurate measurement of the magnetization upon the 
application of B|| is achieved using the Microsense EZ7 vibrating sample magnetometer (VSM), as 
shown in Figure S1a. There are two types of in-plane magnetization as shown in Figure S1b. The MOKE 
technique is more sensitive to the magnetization type ii, which is induced by the roughness of the FM 
film. 
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Figure 3. Normalized MEL(B) responses of the Alq3-based OLEDs without (series device3) and with 
(series device4) a 3 nm thick Ni80Fe20 electrode and various Alq3 thicknesses. a, MEL(B) responses in 
series device3 having Alq3 thickness as given, measured at a fixed current density level of 25 mA/cm2. 
b, Same as in (a) but for series device4. c, FWHM of the MEL(B) responses in series device3 (black 
curve) and series device4 (red curve) plotted vs. the Alq3 thickness layer in the device. d, The average 
fringe field in the Alq3 layer vs. the external in-plane magnetic field in series device4 that was 
calculated based on the MEL(B) responses in (a) and (b) [see text]. 

 
For comparison, we repeated the MEL measurements on a series of Alq3-based OLEDs having 
various organic active layer thicknesses. Figure 3a shows the MEL(B) responses of the Alq3-based 
OLEDs (series device3) with different thicknesses, measured at the same current level of 25 
mA/cm2. The FWHM of the MEL(B) response here exhibits only small change when the active 
layer thickness increases from 20 nm to 140 nm (Figure 3c). This is because the width of the 
MEL(B) response is mainly determined by the hyperfine field in the Alq3 active layer, which is an 
intrinsic property.27 In addition, Figure S4 shows that in our Alq3 devices, the FWHM is almost 
independent of the applied voltage. In contrast, Figure 3b shows that the FWHM of the MEL(B) 
response in the Alq3-based magnetic OLEDs having 3 nm Ni80Fe20 electrode (series device4) 
changes substantially with the Alq3 thickness. This is because the fringe field decreases with the 
distance from the FM electrode, and the recombination zone in the device is further from the LiF 
layer in thicker devices.  

Based on our analysis discussed above for TADF-based magnetic OLEDs we can calculate the 
fringe field at the recombination zone in the active layer of series device4. As shown in Figure 3d, 
the fringe field is linear function of the external in-plane magnetic field; and decreases with 
increasing the Alq3 layer thickness. Interestingly, we calculate the fringe field in a 40 nm Alq3 layer 
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to be 142±2 mT at an external magnetic field of 200 mT. This value agrees very well with the 
fringe field obtained in device2 with TADF (140 mT) that was also 40 nm thick. This agreement 
emphasizes that the fringe field in the magnetic OLEDs does not depend on the OLED active layer, 
since it is induced by a process that mostly depends on the FM electrode; and the recombination 
zone in both devices is close to the LiF layer.   

It is worth mentioning that device4 series having thick Alq3 active layer show an almost constant 
difference in the FWHM values compared with Device3. We interpret this surprising result that 
the recombination zone of electrons and holes is not uniformly distributed in the active layer, but 
rather is close to the LiF layer in all devices. This can be rationalized by the poor electron injection 
efficiency of the FM electrode in device4 series. Under this imbalanced condition the holes 
density in the active layer is much higher than the electron density, leading to e-h recombination 
close to the inefficient cathode. The imbalance injection efficiency of the anode and cathode in 
device4 series may be deduced from the increase in the turn-on voltage in device4 compared to 
that of device3, as shown in detail in Figure S2. 
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Figure 4. MEL(B) responses of Alq3 based OLEDs having a 3 nm Ni80Fe20 (black) and Co (red) 
ferromagnetic electrodes. The Alq3 layer thickness in 20 nm in both devices.  

 

To further explore the in-plane fringe field, we replaced the 3 nm Ni80Fe20 film with a 3 nm Co 
film in a 20 nm Alq3-based OLED. In Figure 4 we show the MEL(B) responses of the device with a 
3 nm Ni80Fe20 electrode compared to that with a 3 nm Co electrode. The larger FWHM of the 
MEL(B) response in the Co based device indicates that the fringe field of the 3 nm Co film is larger 
than that of the 3 nm Ni80Fe20 film. 
 
2.3 Application of out-of-plane external field  
The MFE(B) responses in OLEDs are usually independent of the applied field direction. However, 
the MEL(B) responses of devices with ferromagnetic electrodes may have angular field 
dependence because the induced fringe field may be very different for applied field parallel or 
perpendicular to the FM electrode. In order to study the fringe field at applied field, B��⃗ ⊥ 
perpendicular to the FM electrode we measured the MEL(B) responses of both TADF- and 
Alq3-based OLEDs for an applied field B��⃗ ⊥. To increase the signal to noise ratio in this geometry, 
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the active layer in the TADF-based OLEDs has been changed to a triple-layer structure of 
donor/donor-acceptor blend/acceptor; namely: mCP (4nm) / blend (24nm, mCP:B3PYMPM = 1:2) 
/ B3PYMPM (8nm).  

Figure 5a shows the MEL(B) responses of traditional device5 and magnetic device6 upon applying 
B��⃗ ⊥. The MEL(B) response of the traditional device5 has the same shape as that when applying an 
in-plane field (see device1, Fig. 2a); in agreement with the literature. However, the MEL(B) 
response when applying an out-of-plane field of device6 is very different from its in-plane MEL(B) 
response (see device2, Figure 2b). Here the low field part (B<100 mT) has the same shape as the 
non-magnetic MEL(B) response of device5, except with a larger FWHM; this is in fact similar to 
our measurements using in-plane magnetic field described above. However, the high field part 
(100<B<200 mT) has a pronounced shoulder that results in a much broader MEL(B) response 
compared to that of device5. 

To understand this finding, the out-of-plane magnetization of the Ni80Fe20 electrode in device6 
was measured using vibrating sample magnetometer (VSM) apparatus, as shown in Figure 5b. We 
could fit the magnetization response with a “double error function”, as shown in Figure S1b. The 
low-field component (19%) of the Ni80Fe20 film shows a linear response, indicating an easier 
magnetization response for B��⃗ ⊥. The domains structure and size in thin FM thin films have been 
described in Ref.[9] and Ref[10] using MFM microscopy. When applying an out-of-plane field, it 
was found that there are three types of domains: domains with in-plane magnetization, those 
having magnetization parallel to B��⃗ ⊥  and those with magnetization antiparallel to B��⃗ ⊥ , as 
depicted schematically in Figure 5c. To better understand the extend of the resulting three fringe 
field components when applying B��⃗ ⊥, we also measured the thickness dependence of the MEL(B) 
responses in Alq3 based magnetic OLEDs, as shown in Figure 5d. It is seen that the shoulder 
component of the MEL(B) response gradually disappears, and is completely gone for the 140 nm 
device; whereas the “broadening effect” in the MEL(B) response still remains in all devices. 
Actually, the “broadening effect” does not change much with the Alq3 thickness; which is very 
different from the case of the in-plane fringe field.  

To further study the fringe field when applying B��⃗ ⊥, we fitted the MEL(B) response for the 140 nm 
Alq3 based magnetic device with a non-Lorentzian function, as shown in the inset of Figure 5d. In 
this device, we only need to consider the parallel fringe field component that induces the 
“broadening effect”. Subsequently, we have treated the perpendicular fringe field component, 
B��⃗ 𝐹
𝑝𝑝𝑝as a perturbation term. B��⃗ 𝐹

𝑝𝑝𝑝is uniquely induced by B��⃗ ⊥ because it does not exist in the case 
of the in-plane field. Also we assumed that B��⃗ 𝐹𝑖𝑖 is proportional to the magnetization (M(B)) of 
the Ni80Fe20 film. We thus fit the VSM measured response, M(B) with a modified error function, 
erf(x), where 
 

erf(x) = 1
√𝜋
∫ 𝑒−𝑡2 𝑑𝑑𝑥
−𝑥 .                              (4) 

M(B) = 𝐴 × erf (𝑘 × 𝐵)                               (5) 

The fit is shown in Figure 5b, and the parameter k = 0.0026 mT-1. Consequently we could fit the 
MEL(B) response using both parallel and antiparallel components, as detailed in the S.I. section. 
The fit to the out-of-plane MEL(B) response of device6 is excellent (see Figure 5a).  
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Figure 5. MEL(B) responses in Alq3-based OLEDs upon application of an out-of-plane field. a, 
MEL(B) responses of traditional device5 (black line) and ‘magnetic’ device6 having 3 nm thick 
NiFe electrode (red line) subjected to an out-of-plane field. The blue line through the data points 
is a fit (see text and S.I.). b, Out-of-plane magnetization of device6 up to 200 mT measured using 
vibrating sample magnetometer (VSM) apparatus. The inset shows the VSM result measured 
from -1.5 T to 1.5 T, which is fitted using equation (5). c, Schematics of the fringe field in device6 

induced by a perpendicular field, B⊥. d, Out-of-plane MEL(B) responses of series device7 having 

various Alq3 thicknesses, as given. The inset shows the fit (red line) of the MEL(B) response (black 
points) of 140 nm thick Alq3 - based device using a non-Lorentzian function; where the FWHM is 
43 mT. 
 
2.4 Fringe fields from FM films of different thicknesses  
We have also studied the MEL(B) response in ‘magnetic’ OLEDs with different NiFe thickness, 
using a solution-based TADF active layer of MeO-TPD/3TPYMB with a weight ratio of 1:4 
(device8). Figure 6a shows the chemical structures of MeO-TPD (donor) and 3TPYMB (acceptor). 
Figure 6b shows the MEL(B) responses of series device8 with different Ni80Fe20 electrode 
thickness, while keeping constant the TADF layer thickness. It is seen that the MEL(B) response 
narrows with the increasing the Ni80Fe20 thickness. This implies that the “average fringe field” in 
the active layer is smaller for thicker Ni80Fe20 film. Specifically, the average fringe field of the 30 
nm Ni80Fe20 film is negligible, because the MEL(B) responses of the traditional and magnetic 
device8 series in this case are the same. From the Magneto-static theory it has been established 
that a thin ferromagnetic film with ‘perfect interfaces’ cannot induce a fringe field, except near its 
two magnetic poles. ‘Perfect interfaces’ here means that the FM film roughness is much smaller 
than its thickness, as is the case for the 30 nm Ni80Fe20 film. In contrast, if the film roughness is 
comparable to the film thickness, as is the case for the 3nm and 5nm Ni80Fe20 devices, there is an 
induced fringe field close to the surface of the FM film. We thus conclude that this fringe field 
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understanding is in agreement with our findings.  

 

Figure 6. In-plane MEL(B) responses of solution-based TADF magnetic OLEDs with various Ni80Fe20 
electrode thicknesses (series device8). a, The chemical structures of MeO-TPD (TADF donor) and 
3TPYMB (TADF acceptor). b, The MEL(B) responses and corresponding FWHM of series device8 
without FM electrode (pristine, black line) and with Ni80Fe20 electrodes with various thicknesses, as 
given.  

 
3. Conclusion 
We have shown that the MEL(B) response in ‘magnetic’ OLED devices is a powerful technique for 
measuring the fringe field induced by the ferromagnetic electrodes. Specifically we show that the 
fringe field (B��⃗ 𝐹) of a 3 nm Ni80Fe20 FM electrode subjected to an in-plane magnetic field (B��⃗ ||) is 
antiparallel and proportional to B��⃗ ||; and decreases steeply with increasing distance from the FM 
electrode. In addition we found that the in-plane B��⃗ 𝐹 decreases with increasing the FM electrode 
thickness; it diminishes completely for a 30 nm thick Ni80Fe20 film. B��⃗ 𝐹 of 3 nm Ni80Fe20 subjected 
to an out-of-plane magnetic field (B��⃗ ⊥) may be separated into two components. One field 
component is parallel or antiparallel to the B��⃗ ⊥ direction and remains constant up to 140 nm 
from the Ni80Fe20 film. The other component is an inhomogeneous field parallel to the FM 
surface of which strength decreases steeply with increasing distance from the Ni80Fe20 electrode.  
 
4. Materials and Methods 
Materials 
The donor molecules [mCP] and [MeO-TPD] and acceptor molecules [B3PYMPM] and [3TPYMB] 
were purchased from Lumtec Corporation. The Alq3 molecule was purchased from Sigma-Aldrich. 
These materials were used ‘as received’ without further purification.  

The OLEDs structure 
The TADF-based OLEDs have an architecture of indium tin oxide (ITO)/ 
poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS 40 nm)/mCP:B3PYMPM (40 
nm, mCP:B3PYMPM=1:2)/LiF(1 nm)/Al(100 nm) or ITO/ PEDOT:PSS (40 nm)/mCP (4.5 
nm)/mCP:B3PYMPM (27 nm, mCP:B3PYMPM=1:2)/B3PYMPM(9 nm)/LiF(1 nm)/Al(100 nm). The 
Alq3 based OLEDs have the same structure where the active layer is replaced by different 
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thicknesses of Alq3 films. The corresponding Ni80Fe20 or Co based OLEDs have an ferromagnetic 
layer between the LiF and aluminum layers. 

The OLED Fabrication 
The OLED devices were fabricated in a glovebox that has nitrogen atmosphere. The ITO anode 
substrate was cleaned by ultrasonic treatment with 2% micro-90 soap in deionized water (DI 
water), pure DI water, acetone, and isopropyl alcohol (IPA), each for 20 min. The PEDOT:PSS layer 
was spin-coated onto the ITO substrate, followed by an annealing treatment at 140 °C for 20 min. 
Subsequently the active layers were deposited using a thermal evaporation co-deposition system. 
Finally, the LiF, (NiFe or Co) and Al layers were deposited in another chamber in the same system. 
The active device area was 2mm x 2mm. 

The MEL measurements 
A positive bias voltage was applied to the ITO electrode of the OLED devices, which were placed 
in a vacuum cryostat with transparent windows. The EL emission was measured using a silicon 
detector. The device was placed between the two poles of an electromagnet that produced field 
strength, B up to 200 mT, which was applied parallel or perpendicular to the OLED surface. The B 
filed was swept at a speed of 10 mT/S from -200 mT to +200 mT and backward. 

The VSM measurements 
The samples were mounted on a quartz rod held by teflon tape between the electromagnet poles 
separated by 16 mm. The magnetic field was varied in the range of -200 mT – 200 mT at a step of 
0.5 mT; or in the range of -1.5 T – 1.5 T at a step of 0.1 T.  

Thickness measurements 
The thickness of various films, active layers or FM substrates was estimated using Tencor P10 
profilometer at the step edge of the film; he average of six consecutive measurements was taken 
to determine the film thickness. 

AFM measurements 
The film roughness was measured for the OLED device by a BrukerDimesion Icon atomic force 
microscope using scan-assist tapping mode with a nominal tip radius of 2 nm. The data was 
processed using NanoScope Analysis software. 

MOKE measurement 
Magnetic hysteresis loops were measured at room temperature by Sagnac MOKE, which 
has much higher sensitivity than conventional MOKE.28 
 
Supporting Information. Details experimental results (MEL responses) and device characterizations. 
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