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Fig. 1. (a) Schematic structure of single Micro-LED; (b) the optical micrograph of the Micro-LEDs with diameters from 40 pm to

100 pm; (c) 3D structure diagram of passive Micro-LED array; (d) optical micrograph.
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Fig. 2. Size-dependent characteristics of current versus
voltage (V).
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Fig. 3. Size-dependent characteristics of luminous flux and
radiant flux: (a) Current density versus luminous flux; (b) cur-

rent density versus radiant flux.
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Fig. 4. Temperature versus voltage curves with various test current, and Micro-LED size versus k coefficient: (a) Temperature

versus voltage curves at 0.5 mA; (b) temperature versus voltage curves at 2 mA; (c) temperature versus voltage curves at 5 mA; (d) size

and drive current versus k coefficient.

(5) ETP AT LAEAE R, X & RECGE WK1
S I, A A% R I F BELRE TR A AR Al RS D8
NFECR IR BHAE R, I (5) AT AR LT Hh i 7
K 4(d) H k Rk,

5 A E AT AR X Micro-LED 45
P R C R AR, AT LA Y R T AR
7 Micro-LED R4S &, M HAE R F X4

Radiant flux/mW

Pixel size/pm

Pl 5 A [ k8 0 X r it RO A A Y G R
Fig. 5. Micro-LED pixel size versus radiant flux with differ-

ent temperature and test current.

PR 2 D R IR B S 2 ) InGaN /GaN
7B b A 2O T R RS, 98D T Micro-
LED AR,

4 [BEF| W T

FPGA 1E—Flf 5 g i %, BA 81T
R Pt Hm MR B REEEAT, o LME
A Micro-LED #% sl F4: 51 59 40 I 3R sl . o4 fd
LA (ASIC) ., FPGA Xf Micro-LED # 5l
W 51 HE 47 3K h () B 58 1920 3 UF B FPGA 78
Micro-LED #% 8l [ 51 3K s 4538 2 A5 — 2 i 52 (6
FRE FHANE. 456 8 3h 3K o)y v 6 AT | 1563
i DIFEAR . A LR A (PMOLED)
HAR ™ OLED it %4 45, AR Micro-LED #
%51 %X PMOLED 7& 7] 22 8 /s it . FHLE]
Ji | B RS R BRI HER N RS T AT
FHIIZ .

AL FPGA FF &M Ir il 5 (1) Micro-
LED #sh 4 1T 73R sh o, HA R 6(a) & i

177301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 % 3R Acta Phys. Sin. Vol. 69, No. 17 (2020)

177301

K 6 Rt 60 um B8N Micro-LED M54l Ff FPGA #1735 25 52

(a) BIRRE S (b) 525 0 57 FE 51

Fig. 6. Passive picro-LED array whose pixel size is 60 pm, driven and lighted by FPGA: (a) Display sample; (b) display array light.
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GalN based micro-light-emitting diode size effect
and array display”
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Abstract

Single micro-light emitting diodes(LEDs) with different sizes and array micro-LED are designed and
prepared, where the sizes of the single micro-LEDs are in a range of 40—100 pm, their electrodes are all co-N
electrodes, P electrode is drawn out alone; the number of array pixels is 8 x 8, which is a passively driving
structure with a pixel size of 60 pm. In the process of device preparation, N electrode and P electrode are
fabricated by the sputtering & stripping method. The electrode thickness is 2.4 pm. Thick photoresist 5120 is
used as a mask, and N GaN is etched to the substrate by using the ICP dry etching to form an isolation trench.
The PECVD technique is used to deposit an SiO, insulating layer with a thickness of 10000 A. By optimizing
the electrode structure and thickness, the reliability of the P electrode at the slope of the isolation trench is
improved, and the SiO, insulating layer has good encapsulation; field programmable gate array (FPGA) is used
to drive and display the micro-LED passive array. The single micro-LEDs of different sizes are tested and
analyzed in the aspects of electrics, photics and thermotics and the results of which show that the current
density corresponding to the peak radiation flux of 80 pm micro-LED is 1869.2 A/cm?, which is 57.1% higher
than that of 100 pm micro-LED, indicating that the current density corresponding to the peak radiation flux of
micro-LED increases as the size decreases; compared with the ordinary blue LED, the micro-LED has a large &
factor, and with the size decreases, the value of the k factor increases, indicating that the micro-LED series
resistance is larger, and the thermal stability is not so good as the traditional blue LED. Finally, the field
programmable gate array (FPGA) can achieve a good drive for the micro-LED passive array. The driving
principle is passive scanning driving, which is carried out in a row-by-row lighting mode. The FPGA clock is 50 MHz,

and 320 ns is required for the circuit to scan all rows.

Keywords: micro-light-emitting diode, size effect, k-factor, passive
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