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of GaP and GaAsP/GaP Light-emitting diodes

Heinz-Christoph Netzert *, Manuda Ferrara, Biagio DeVivo
DIIE, Universtadi Sderno, ViaPonte Don Mdillo 1, 84084 Fisciano (SA), Itdy

ABSTRACT
Light-emitting diodes from a RGB lamp have been operated as opticd recevers under various reverse bias voltage
conditions. For the green emitting GaP based LED’s and the red emitting GaAsP based LED'’s for vaues of the applied
reverse bias voltage near avdaiche breskdown internad photocurrent gain has been found with vaues exceeding 10000
for low light intensities. The photoresponse time has been measured to be in the microsecond range, limited basicaly by
the R C time constant.
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1. INTRODUCTION

There have been various proposds to use optical emitters as photoreceivers for applications in half-duplex optica links.
A 1300nm InGaAsP Fabry-Perot laser has been operated as photodetector with a cutoff frequency of 600MHZ",
Quantum cascade lasers have been used to detect far-infraed light and verticd cavity surface emitting lasers
(VCSEL'S have been used as resonant cavity enhanced photodetectors®® In the later case aso photocurrent gain
exceading 10 based on the avdanche mechanism has been observed. As an example for ancther nondassca
goplication of LED’s for eectro-opticd measurements, it can be mentioned that AlGaAs light-emitting diodes (LED's)
have been used as sendtive meassurement devices for femtosecond laser pulse characterization, usng an autocorrelaion
technique®. Here we demonstrate the possibility to utilize low cost light-emitting diodes as fast and highly senstitive
photodetectors.

2. EXPERIMENTAL

2.1 Measurement Setup

LED current-voltage (I-V) characteristics have been measured usng a Kethley Modd “2400" source measurement unit
(SMU) in forward and a Keithley Modd “487" high voltage SMU in reverse direction. The opticd emisson spectra
have been measured using a PC based Ocean Optics type “PC2000" spectrometer and the reponsvity of the LED’'s
have been measured without applied bias voltage, usng a xenon lamp in combingtion with a “CM110" monochromator
from CVI a opticd source and a cdibraed Hamamatsu “S2386-44K” dlicon photodiode as reference. For the
determination of the photoresponse time of the RGB LED'’s a green GaP LED with the same emission spectrum as the
green LED in the RGB-device with a pesk wavelength of 565nm has been modulated by a Médles-Griot “DLD103"
laser contraller in pulsed mode. In this case the bias voltage has been gpplied using the above mentioned Keithley “487”
SMU and the photocurrent transients have been picked up using a American Lasr System “Modd 711" wideband
current probe.

1.1 Sample description

The investigated LED’s are 10mm Full Color RGB Lamps from Kingbright (Type “LF819") © with two blue emitting
InGalN/GaN diodes on SIC subgtrate, a green emitting GaP based diode and ared emitting GaAsP on GaP diode.
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3. RESULTSAND DISCUSSION

11 Electrooptical characterization of the RGB light-emitting diodes

In the case of the blue LED with InGaN active layer we did not observe multiplication of photo induced charge carriers,
because of premature reverse bias breskdown and redively high reverse bias currents below breskdown. The green
LED with an GaP active layer and the red LED with an GaAsP active layer, however, exhibited very low room
temperature reverse hias currents (<10pA) below breskdown. Typicad breskdown voltages were 130V in the case of the
GaP LED with the peask emisson wavelength of 565nm and 240V in the case of the GaAsP/GaP with the pesk emission
waveength of 630nm. In Figl we see the forward bias characteristics and in Table 1 additiondly some other
characterigtic parameters of the GaP and GaAsP LED’s, as the diode idedity factor, the saturation current, the junction
capacitance for areverse bias voltage of 10V and the diode s#ies resistance.
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Figure 1: Room temperature forward bias current— voltage characteristics of the GaP and GaAsP LED’s

LED type Active Series I deality Saturation Junction Typicd Peak
layer resistance factor current (A) capacitance reversebias emission
material W) at -10V (pf) breakdown wavelength
voltage (V) (nm)
Red GaAsP 193 1.68 116e-20 25 240 630
Green GaP 194 177 142e-21 4.7 140 565

Table 1: Electrical and optica device parameters of the red and green LED types within the RGB lamp

In Figure 2 the opticd emission spectrum and the wavelength dependence of the reative respongvities when operated
as photoreceivers of the GaP and the GaAsP LED’s are shown. The green GaP LED has a pesk emisson wavelength of
565nm and is can be operated as photodiode in the wavelength range between 450nm and 570nm. A pronounced exciton
related absorption pesk around 550nm can be observed. In the case of the red GaAsP LED the emisson maximum is at
630nm and the device can be operaed as recaver a wavelengths between 500nm and 650nm with a maximum in the
repongvity a 600nm. For both LED's there is a sufficient overlap between the optical emisson and absorption
spectrum o0 that the LED's can be used for a optica bidirectiond communication link, using the same type of LED as
well asemitter and receiver. A drawback is of course the need for an additiona high voltage power supply.
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Figure 2: Responsivity (full line) and optical emission (dotted line) spectra of GaP and GaAsP LED'’s
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Figure 3: Dark current (full line) - and photocurrent (broken line) — voltage characteristics near reverse bias breskdown
of aGaP LED measured for increasing and decreasing applied voltage ramps (as indicated by the arrows)

In Fig. 3 the current-voltage characterigtics of the green GaP LED is shown for eevated vaues of the bias voltage
between -131V and -136V with and without illumination. Reverse bias breskdown is observed in this voltage range.
Measuring the device current during increesing and decreasing voltage ramps, we observe a wide open hysteress in the
dark current-voltage characteridtics. This can not be due to device hedting, because we messured that the breskdown
voltage for these diodes incresses with increasing temperature, as expected in the case of avadanche multiplication
related device breskdown. A possible explanation for the hysteresis in the dark 1-V characteridtics is charge trapping and
a modification of the locd dectric fidd due to the trapped charge. llluminating the LED with green or blue light with
emisson pesk waveengths of 470nm and 565nm respectively, a photocurrent that is only dightly increesng with
increesing reverse hias voltages has been measured. Near device breskdown the photocurrent incresses drongly in a
voltage range, where we do not yet obsarve the inset of dark current reverse bias breskdown. This is as an example
plotted in Figure 3 for the case of the LED illumination with green monochromatic light, that induces a primary
photocurrent of 3.3nA. At -131V we messure a photocurrent of about 20nA. Increesing the bias voltage further, we
obsarve a large increese in the totd LED current for applied voltages between -133V and -134.5V. In this voltage
range, the dark current can dill be neglected, but above -1335V reverse bias voltage, a subgtantia increese of the dark
current noise is found.

Now we define the photo induced current, as measured under short circuit conditions, as the primary photocurrent and

the ratio between the photocurrent a higher applied reverse bias voltages and this primary photocurrent as the interna
gain of the LED, that hasbeen used asreceiver.
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Figure 4: Photocurrent gain as a function of the bias voltage dightly below breakdown of a GaP LED illuminated with blue and green
light with for three different light intensities (only increasing applied reverse bias voltage ramps)

In Fig4 the dove defined photocurrent gain has been plotted in the voltage range between -133V and -134.5V,
illuminating the GaP LED with green or blue light with different intendties, corresponding to primary photocurrents of
3.3nA, 10nA and 33nA respectively. We obsarve in dl cases a strong monotonic increase of the gain with increasing
reverse bias voltages At about -1335V a photo gain of 200 is achieved, dmogt independent of the incident light
intendty and excitation wavelength. For further increesing vaues of the reverse bies voltage, the gain increese is more
prominent for low light intensities. At -134V gain vadues of 10000 for low light intensities (primary photocurrent of
3.3nA) and of 1000 for higher light intensities (primary photocurrent of 33nA) have been measured.

Large vadues of photocurrent gain have been obsarved in a large variety of photoreceivers. In most cases, however, there
is a tradeoff between gain and response timé.
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Figure 5: Photocurrent response (lower trace) of a GaP LED measured &fter illumination with 565nm light pulses of a second GaP
LED. The LED current of the emitter is shown in the upper trace.

In order to test the response time of the GaP LED as photoreceiver, we illuminated it with a second pulsed LED and
measured the resulting photocurrent using a wideband inductive current probe with preamplifier. The oscilloscope traces
of the 1ns long modulating current pulses with 60mA amplitude of the LED used for excitation and of the resulting
photocurrent transents mesesured in the receiving GaP LED with an gpplied bias voltage of -134V are shown in Fg. 5.
It can dearly be seen that rise and fdl times are in the microsecond range. The capacitance values with goplied reverse
bias voltages exceeding 10V(see table 1) are dso sufficiently low, so that the R C time congtant alows for microsecond
response times.



It should be noted that very smilar behavior with large photocurrent gain vaues near reverse bias breskdown has dso
been observed for the red GaAsP based LED used as photoreceiver, when illuminated with the green LED. As seen
ealier in Fig. 2, this type of LED is not sengtive in the blue spectra range. An application of the complete RGB lamp
in a frequency sdective bidireciona emitter/receiver module should be possible. The blue light is received only by the
green and the blue LED — in the latter case, however, without photogain. The red light is received only by the red LED
and the green light is received by the red and the green LED.

4. CONCLUSONS

GaP and GaAsP light -emitting diodes have been demondirated to be suitable as sendtive and fast photoreceivers,
operating them near reverse bias breskdown. Very high internd gain values exceeding 10000 for low light intensities
have been determined.
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