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Table 1 Thickness and thermal conductivity of PLED device
Quartz glass
Layer ITO PEDOT PFO-BT Ba Al
substrate
Thickness (nm) 700000 125 40 80 4 80
Thermal conductivity R (W/(m<K)) 20 20 0.12 0.12 18. 4 237
Al
Ba
PFO-BT
PEDOT
ITO

[+——Quartz glass substrate
ERNVAVATAYAINAANAY

|_\/\/\/\/\/\/\/\/\/|

Fig. 1 Schematic diagram of PLED device’ structure
Note: PFO-BT is the abbreviation of 9 9-dioctylfluorene-co—
2 1 3-benzothiadiazole; PEDOT is the abbreviation of poly—
(3 4-ethylene dioxythiophene)
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7.7V 2.6 mA 20 x 10 °'W
0.6% P 19.9
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Fig. 2 Current density or light indensity (L) versus
voltage (V) curves (a) and light-emitting (LE)
versus current density (b) of PFO-BT
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Fig. 3 One direction model (a) and the finite element
(b) of PLED device

From left to right: Substrate—ITO—PEDOT— PFO-BT—
Ba—Al
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PLED device
From left to right: Substrate—ITO—PEDOT—PFO-BT—Ba—
Al
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Fig. 4 Temperature distribution of PLED device
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Fig. 5 Flux distribution (a) and thermal gradient (b) of 20 | |
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Fig. 6 Relation between the highest temperature T'y

and input power P of PLED device
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PLED
PFO-BT P PLED
P 15x107°W 2
T, 39.48C; 50 x 10 °W 2
T, 84.92C. PLED
PLED PFO-BT 46.101C ;
PLED 45.773C
PLED PFO-BT R,
PLED 1.0C/W 16.6C /W;
PLED P 1305C /W 1312°C /W.
PFO-BT
3 PLED
PLED
Table 2 Thermal characteristics of PLED device according to different substrate materials
Substrate Thermal conductivity Maximum temperature Lowest temperature Thermal resistance Thermal resistance
material R(W/(m*K)) T, (C) T.(C) R, (C/W) Ry (C/W)
Quartz glass 20 45.97 45.95 1.0 1305
Borosilicate glass 1.1 46. 10 45.77 16.6 1312
PLED PLED
N 7 ; PFOBT
4. 17
= _
4(} ORS 46. D‘)f_i 46.101
45.773 45.846 45.919 45,992 46.065 46 081 46.089 46.097
(a) 45.809 45.882 45.955 46.028 46.101
ik ﬂ-
. " _
(h) 10.129 81.507 152,885 224263 295.641 367.019 438.397 500.775 581.153 2531
Fig. 7 Thermal distribution (a) and flux distribution (b) of PLED device when using
borosilicate glass
From left to right: Substrate—I1TO—PEDOT—PFO-BT—Ba—Al
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4 PLED
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14.6 x 10°W /m’ 3
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Table 3 Thermal characteristics of PLED device according to different thickness of substrate
Thickness Maximum temperature Lowest temperature Thermal resistance Thermal resistance
(mm) Ty (C) T,.(C) R, (C/W) Ry (CC/W)
0.1 45.957 45.954 0.15 1304
0.4 45.964 45.953 0.55 1305
0.7 45.968 45.95 1 1305
1.0 45.953 45.927 1.31 1304
1.3 45.967 45.933 1.71 1305
2.0 5
ANSYS
' /ITO/PEDOT/PFO-BT/Ba/Al
~ PLED PLED
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Fig. 8 Relation between thickness of substrate and R
thermal resistance R, PLED R
PLED
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SIMULATION OF THERMAL PROPERTIES FOR POLYMER
LIGHT-EMITTING DIODES

ZHANG Jianping' WEN Shangsheng' ZOU Jianhua' HU Sujun' LI Yanhu' WU Hongbin' *

(! Institute of Polymer Optoelectronic Material and Devices

* Key Laboratory of Specially Functional Materials South China University of Technology Guangzhou 510640)

Abstract The thermal properties of polymer light-emitting diode ( PLED) was simulated with the light
intensity of 1000 ¢d/m” by using the thermal structure element in ANSYS finite element analysis software.
Temperature distribution thermal flow distribution and thermal gradient distribution were obtained the
simulation results show that the maximum temperature is in 9 9-dioctylfluorene<o2 1 3-benzothiadiazole
(PFO-BT) emitting layer of the PLED device with temperature of 45. 968°C the minimum temperature is at
the end of the quartz glass substrate about 45. 95°C ; the total thermal resistance is 1305°C /W but the thermal
resistance between polymer light-emitting layer and the end of the quartz glass substrate is only 1°C /W. The
thermal properties of PLED devices according to different input powers substrate materials and substrate
thickness were compared. The simulation results indicates that the maximum temperature T and the device
input power P show a good linear relationship; the highest temperature of the PLED device changes slightly
with changing quartz glass substrate to borosilicate glass substrate the cathode side is the main route for heat
dissipation; when the substrate thickness increases continuously the maximum temperature T, increases at the
same time however the minimum temperature T of PLED device decreases the total thermal resistance of the
PLED device is essentially the same the thermal resistance between light-emitting layer and the end of quartz
glass substrate rises linearly. These results provide a basis for the optimization of PLED devices.
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