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Background & Motivation Results Discussion

Transient State of an LED - transition period of LED switching
from off to on (rise) and on to off (fall)

Adjusting to System Limitations: Signal Amplification & Analysis:

* Lower frequency bandwidth of photoreceiver and
amplification devices causes earlier cutoff

Signal Intensity Comparison With & Without Nooelec LNA (10MHz)

Frequency (kHz) vs. Average Max Voltage (V) - Phototransistor

[—— , =20 3 — With LNA (LED On) . . .
; ; 2 NooeEoII Ao e — Without LNA (EDOR) frequencies and longer rise/fall times than
I | . Square Wave Input 2 ,1|£73 approx. 50dB = 10V gain — Background Noise (LED off, Without LNA) t d
i | , I LED Light Output > 150 o o O ®tecewnsd o il rveeeey s—— expecte
! . o 1 ®
: \ § 2 ¢ ~60 1 . . - . .
! : % PR 3 \ * Nooelec Low Noise Amplifier (LNA) distinguishes
I T 99 cutoff — ~ | | . . .
\ > c
, S U < _g0 R the received signal from the noise floor but
, \ % 0.7 o * |“{ u v “(m Jtlh. "I,“J ;l“ih : }'I"Illwlh Ji \\l w . g . .
, B ® 03 ¢ L Al LA interference between wires causes signal presence
; FE N O 04 ~100
— | > 0 .
troe o N §§ ve without LED
'0 : ® o
Figure 1. llluminated microLED Figure 2. LED rise and fall response 01 1 10 100 e
matrix. This project uses one when keyed on-off by a square wave Frequency (kHz) - Log Scale 000 025 0% 075 100 125 15 175 200 * Data collected with Nooelec LNA at 13MHz
MicroLED [1] Frequency (Hz) « le7 . .
Figure 4. U§ing a phototransistor as a receiver the cutoff Figure 7. Frequency response of background noise and .sugges.ts d CUtOff frequency at 15M I_!Z' bUt thIS 1S .
e Intend to reduce rise and fall times of microLEDs to frequency is 30kHz the signal at 10MHz with and without LNA inconsistent when measured at va r'ying frequenCIes
Improve data transfer Capablllty and maintain at . (kH ) Max Volt ( V) Signal Comparison for uLED to Photodiode + Nooelec LNA (13MHz)
optimal luminance requency (kHz) vs. Max Voltage (m — LED blocke
P Current Amplifier & Silicon Avalanche Photodiode e Future Work
* To do so, we must collect LED characteristics: 2 L0 — LED connected
rise/fall times and cutoff frequency S e _ _ ,
. . N E ? e, 002 » More data collection with microLED and
Rise/Fall time = Transition between 10% and 90% of max voltage o o S : ts t g interf in the ti
Cutoff Frequency = Frequency where max voltage drops 50% of %’ % g - EXpe”.me_n >tore uce.m .er erenc_e In e Ime
the original, driven at constant voltage LED brightness reduces _— feutors = 1MHz ‘f £ domain signal and retrieving consistent rise/fall
. -~ 1TTTTTTTTTT T T T T T T I T 1T
beyond it = 1 time.
° ° ° Q 5 '
Applications of microLEDs %
x o ! 10%V - fmee ' '
LED LED > | —0.04 -
=< < - - — = || ; t, ] t \ * Collect delays caused by other components and
e R > - E - i ? calibrate the system to receive signal from just the
T B &J -» \ Frequency (kHz) - Log Scale 0 2 Time (g) . 16-8 0 8 .
B D- P - [ - — photodiode
‘&\%J N I i Figure 5. Using Silicon Avalanche Photodiode Figure 8. Comparing signal received when the LED is connected,
/%f P W L (feutors = 1.3GHz and 0.3ns response time ) and current disconnected, and blocked. Signal is still received while LED is not
o : amplifier SR570 shows a cutoff frequency at TMHz emitting. Estimated rise/fall of LED are detailed. e On-Off Keylng LED at hlgher frequencies (ZOM Hz-
Visible Light Imaging Distance trise = 3218, trqy = 33Ns 1GHz+)
. . . . B 1 _
Communication  Technologies Detection feutoff = (335 33) s 1095 = Lo4MHz
(VLC) Signal Recieved With SR570 Current Amplifier Recieved Signal Comparison by Frequency ACkﬂOWledgementS
—— 10khz 1.0 1
Experimental Setup g
. ] 0.8
>
Agilent 20MHz g .
Function Generator S {06 The authors acknowledge Jose Bahamonde, Oliver Durnan,
> i and members of the Columbia Lab for Unconventional
InGaN S @ %4 : :
MioroL ED E E = - Electronics (CLUE) for supporting me throughout my
£ o2 research project.
O
z CLUE ()
Columbia
s 222 Keysight . é ; - . o - -~ - - . Funding support was provided by the srcomorines
gi%';fg;cope Time (us) Time (s) + 1e-8 Amazon Summer Undergraduate Research Blectronics =
| F'g“re 6. Compan.n.g rise/fall of LED at 10kHz, 500kHz, & TMHz Figure 9. Comparing one period of signal at different frequencies Experience (SURE).
with current amplifier SR570 m n
Photoreceiver Low Noise a aZO

* Varying rise/fall times by frequency

- Amplifier t. =04 _
. . = V. [,lS,t I = 05,[15 . .
Sla:f ) + Figure 3. setup of rise 1 fa « Some waveforms have a mixture of frequencies,
oltage i — = : :
:Ag;g'jo[zi Jeurofr = o4+ 05y« 1065 L MHZ causing more cycles per period than expected

References:

[1] O. Durnan, V. Kumar, R. Alshanbari, M. Noga, and I. Kymissis, “An active-matrix microLED display based on monolithic integration with IGZO backplane,” Journal of the Society for Information Display, vol. 32, no. 5. Wiley, pp. 350-359, May 2024. doi: 10.1002/js1d.1299.

[2] Kumar V, Kymissis I. MicroLED/LED electro-optical integration techniques for non-display applications. Appl Phys Rev. 2023 Jun;10(2):021306. doi: 10.1063/5.0125103. PMID: 37265477, PMCID: PMC10155219.




