Novel GaAs photodetector with gain for long wavelength detection
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A novel photodetector based upon annealed low temperature molecular beam epitaxy GaAs capable
of detecting wavelengths out to 1:6n has been developed. The device utilizes a photoconductive
detector with a high photo-generated carrier lifetime to transit time ratio in order to achieve a high
internal gain. The sensitivity to illumination with photons of sub-bandgap energies is achieved due
to the internal photo-emission from the semi-metallic arsenic precipitates. The device exhibits
higher gains at lower input powers because the effective carrier lifetime is longer for lower input
power levels. This variation in carrier lifetime can be explained in terms of the effectiveness of the
arsenic precipitates as recombination centers as a function of optical power leva8950
American Vacuum Society.

[. INTRODUCTION dition where slight variations in the anneal temperature result
Low temperature molecular beam epitayBE) GaAs in a large change in the conductivity. This threshold condi-
Jdipn occurs at the point where the depletion regions sur-

has emerged as a material system with a number of uniq ) . e -
properties. In general, these materials exhibit short carrieiounding the arsenic precipitates just barely overlap. Further

lifetimes? and, when annealed, very high resistiity ad- _annealing increases the spgcing b_etween _precipitates, reduc-
dition, McInturff et al® have shown that annealed low tem- N9 the overlap of the depletion regions. This allows conduct-
perature MBE GaAdreferred to as GaAs:Asexhibits rea- ing channels between the precipitates to be formed, resulting
sonable sensitivities to illumination with photons of sub- N large overall conductivity increases. Similar conductivity

bandgap energies. Unfortunately, the low absorptioﬂ”creases can be achieved if the Schottky diodes at the pre-

coefficient at longer wavelengths leads to relatively poor reCiPitates are forward biased, decreasing the depletion region

sponsivities. In this article, a high gain GaAs:As photodetecgiameter' This forward bias could be achieved by illuminat-

tor is presented which improves the overall detector resporind the open circuited Schottky diodes with photons of ener-
sivity, allowing for improved long wavelength response. ~ 9i€s greater than the Schottky barrier height.

A photoconductive detector is capable of high internal
gains when the photo—gengra}ted carrier Ilfet|mg is mucnl_ EXPERIMENT
longer than the carrier transit time across the device. A typi-
cal MSM photoconductive detector arrangement is shown in  The film used in this study was grown in a Varian Gen Il
Fig. 1. The spacing between the interdigitated fingers detetMBE system with Ag for the group V source and elemental
mines the transit time, which is10 psjum for electrons in  Ga for the group Il source. The beam equivalent pressure
GaAs traveling at their saturation velocity. Normal, undopedratio of As, to Ga was~20. The structure consists of a 0.5
GaAs:As exhibits carrier lifetimes less than 20's,so the  um undoped GaAs layer grown at 600 °C followed by the
maximum possible internal gain for a metal-semiconductor-0.75 um GaAs active region grown at 250 °C with a Si dop-
metal (MSM) photoconductive detector with m finger  ing of 1x10'® cm™3. A post growth anneal of 750 °C for 30
spacing is twathe average electron can transit between thes was performed in a rapid thermal annealer. Interdigitated
metal fingers twice before it recombineslote that this de- AuGe:Ni:Ti:Au contacts were alloyed into the GaAs:As film,
vice requires low resistance ohmic contacts—Schottky conproviding the ohmic source and drain contacts. While finger
tacts will suppress injection of electrons into the device, alspacings of 1, 2, and 4#m were studied, the results pre-
lowing carriers to travel between the fingers only one time. Ifsented here refer to devices with a finger spacing gl
it is possible to produce a GaAs:As material with longer The steady state optical characteristics were examined
carrier lifetimes(~1 n9, then internal gains as high as 100 with a titanium sapphire laser. Figuré¢a? shows a typical
would be feasible. current-voltage curve for this device under 850 nm illumina-

While there still exists controversy concerning the sourcdion. The device current is linear with applied voltage for low
of the unique properties of GaAs:As, the Schottky barriervoltages and saturates for high voltages, consistent with the
modef appears to account for all observed properties. Thelectron velocity becoming saturated for high electric fields
insulating nature of GaAs:As can be attributed to the deplet¢>10 kV/cm). Figure Zb) shows the same device with 950
ing action of the Schottky barriers at the buried semi-metallicnm illumination(photons with~120 meV less than bandgap
arsenic precipitates. It also appears that the carrier lifetimenergy, showing very similar characteristics with approxi-
may be described in terms of recombination at the arsenimately an order of magnitude less responsivity. Figure 3
precipitates. Recent results of Si-doped GaAs:As show thatshows the responsivity versus wavelength of this same de-
the conductivity of this material may be varied over six or-vice. It is important to note that the responsivity varies con-
ders of magnitude depending upon the post growth anneaiderably with input power, which implies that the gain of the
conditions’ These results also demonstrate a threshold condevice also varies with input power. Thus, the effective car-
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Fic. 1. Cross Section of MSM photoconductor, showing depletion regions 750 800 850 900 950

surrounding arsenic precipitates in the channel. wavelength (nm)

Fic. 3. Responsivity versus wavelength of the MSM photoconductive de-
rier lifetime must be longer for lower power illumination in tector with 1um finger spacing.

order to achieve the device gains observed in Fig. 3.
Longer wavelength operation was studied with a 1000 W
white light source filtered with a monochromator. The result- In addition, the time resolved characteristics were mea-
ing responsivities exhibited an order of magnitude decreassured for pulsed laser illumination. A Coherent Mira 900F
from 950 nm to 1300 nm, and an additional order of magni-titanium sapphire laser producing pulses-af00 fs duration
tude decrease for 1500 nm illumination. The resulting re-at a repetition rate of 73 MHz was used for these measure-
sponsivities for~10 uW input powers was 0.1 A/W and ments. A Pockels cell pulse selector from Conoptics was uti-
0.01 A/W for 1300 nm and 1500 nm illumination respec- lized to reduce the repetition rate to4 kHz. The device was
tively. mounted in a microwave package and measured with a
Hewlett Packard 54120T sampling oscilloscope. The device
package and bias tee used limited the bandwidth-t®
GHz. Figure 4 shows the time evolution of the voltage re-
15 I r T T sponse of the device under two levels of illumination. It can
clearly be seen that the tail of the response is much more
important for the low power illumination. For high power
illumination, a considerably faster response is realized, and
the tail is negligible. Note that these results complement
those presented in Fig. 3—the average photogenerated car-
rier has a longer effective lifetime under lower power illumi-
nation. The average carrier lifetime will be proportional to

850 nm illumination
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Volt?g)e V) Fic. 4. Pulse response of MSM photoconductive detector. The high power

pulse energy was ten times larger than that of the low power pulse. Note also
that the voltage scale for the high power pulse is ten times larger than that
Fic. 2. Current-voltage characteristics of the MSM photoconductive detecfor the low power pulse. The low power curve shows a much longer effec-
tor with 1 um finger spacing undeir) 850 nm andb) 950 nm illumination tive carrier lifetime.

JVST B - Microelectronics and Nanometer Structures



770 Harmon et al.: Novel GaAs photodetector 770

carriers that have enough energy to surmount the Schottky

— N barrier to the total number of carriers. At low input power

levels, the Schottky junction is only weakly forward biased,

. £ resulting in only a small fraction _of the total_ carri_ers having
F: ______ Ly T —-<--- ‘ + enough energy to reach the precipitate. At higher input power
T " v levels, the potential barrier to the precipitate is further re-

p;réf,?ti:te x duced, resulting in a larger fraction of the total carriers
E E _~ arsenic reaching the precipitate, and hence a much higher effective
v v precipitate s .
recombination ratésee Fig. 5.
a) low power b) high power
[Il. CONCLUSIONS

Fic. 5. Band diagrams of the GaAs region near the arsenic precipitates. . .
Under low power illumination(a) the Schottky diode formed by the We have shown that it is possible to produce a long wave-

precipitate-GaAs interface is only slightly forward biased, resulting in only length detector in low temperature growth GaAs:As that has
g Shfzz:l PLZ?ES(‘;Ea%fetg‘?ee'iz%“i?]”;ah?‘gr?g:d”;ﬁhheng\:\?é’r tiﬁu?i?;gggt theiigh responsivity due to high internal gain. Since this device
(b(): a m)L/JCh larger proportigon of the gelet':trons ha\?e gnough energy to surgperates_ as a phOt_ocondUCtlve detector, hlgh mtem_al g_alns
mount the barrier. are obtained as a direct result of a long effective carrier life-
times. These longer carrier lifetimes result in slower device
responses as a direct result of the tradeoff between speed and
the area under the curves in Fig. 4, as photoconductivity igain in photoconductive devices. For applications requiring
proportional to the carrier lifetime. A reasonably fastl0  high responsivity, some speed must be sacrificed in order to
ns response is achieved for high power illumination, while areach the gain desired. In addition, since the effective life-
considerably slower response is achieved for low power iltime of these devices is a function of the input optical power,
lumination. Here we see direct evidence of a simple photothe output response is a nonlinear function of input power.
conductive detector tradeoff—higher gain requires a longer
lifetime and hence a slower response. ACKNOWLEDGMENT
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