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We report the direct measurement of the intrinsic photocurrent response of both top and back
illuminated planar metal-semiconductor—metal structures. We directly observe the temporal
dynamics of the hole transport dependence on applied bias and the initial spatial distribution using
a near infrared tunable femtosecond light source and electrically biased structures. The increased
hole transit time of back illuminated structures can be completely understood in terms of the hole
velocity and the initial spatial distribution of the carriers. Additionally, we report the fastest directly
measured 5@m diameter InGaAs photodetector with a 26 ps full width at half maximum1995
American Institute of Physics.

InP-InGaAs based photodetectors operating in the fiber The structures consist of a 1m thick Ing 55Gay 47AS
suitable wavelength regions of 1;/8n and 1.55um are of light absorbing layer followed by a graded Schottky en-
the intense interest for high speed optical communicatiorhancement layer. A 1000 A AlinAs buffer layer was used at
systems. The planar metal-semiconductor—-m¢ék&EM)  the Fe:InP substrate interface. The structures, eagindi
structure exhibits intrinsically lower capacitance per areadiameter, were composed of interdigitategrh wide fingers
than vertical PiN structures and has been shown to providand a gap I{g) between them of 2.Qum. The structures
superior overall performance to the PiN structliddaterials  reported on here are transit time limited and together with a
issues have previously hindered the MSM from achievingfemtosecond light source allow the determination of intrinsic
transit time performance levels and low dark currents. Thesearrier transit times.
difficulties include excessive residual carrier densities which  The near infrared femtosecond illumination pulses were
precludes device depletion at low bias and the low Schottkybtained from an optical parametric oscillat@PO which
barrier height of commonly used metals on InGaAs whichproduced~150 fs pulses tunable from 1.36n to 1.6 um.*
permits excessive dark current. Larger contact barrier heightdccurate comparisons of the top vs substrate illumination
are achieved using wider bandgap Schottky enhancemenésponses were achieved utilizing a silicon wafer which had
layers? Complete depletion of the absorbing layer at low“V grooves” and reflectors etched in the top surface. Indi-
bias is made possible by careful attention to growth condividual devices were positioned above these reflectors. The
tions and the substrate buffer layer composifion. photocurrent was measured using a digital sampling scope

Integration with optical fibers and the simultaneouswith a bandwidth limited risetime of 17 ps. The measured
elimination of the shadowing effects of the electrodes ispulse to pulse jitter was typically 600 fs.
achieved via back illumination. Although this has been asso- Figure 1 depicts the normalized impulse response for
ciated with reduced bandwidth when compared to topboth top and bottom illumination. The botto(top) illumi-
illumination*® The details of the physical mechanisms caus-nation case produced a typical responsivity of 0.8 AO\B5
ing this bandwidth reduction have never been reported. = A/W). The average power was 20V (0.25 pJ/pulsgand

Previous studies of the transport and performance of plathe illumination wavelength was 1.3@m. The back illumi-
nar InGaAs structures have illustrated the importance of hol@ation case shows a significantly enhanced long tail compo-
transport in these structures when illuminated through thaéent. We have observed that the decay component is system-
top surfacé:’ A thorough investigation of top illumination atically larger for the back illumination case and that this is
conditions has been given by Soaeal® Additional work  independent of illumination wavelength, bias, and illumina-
has also been reported on a variety of grohd process- tion intensity. As a check of the carrier concentration depen-
ing techniqued® In this letter we present the results of a dence, we measured the photoresponse at\§Gand 20uW
detailed study of the bias voltage and wavelength depersptical power. The observed photocurrents were nearly indis-
dence of InGaAs MSM structures for both top and bottomtinguishable, establishing the absence of screening effects at
illumination conditions. We show that a proper considerationthese fluences. Thus, the changes observed in Fig. 1 cannot
of carrier transport reveals that hole transit times dominatée attributed to the increased carrier number which occurs in
the long tail component of impulse response and are solelthe substrate illumination case due to the absence of obscur-
responsible for the differences between the top and bottorimg electrodes. The measured pulse widths are similar, 26 ps
illumination photocurrent responses. We also show the intertop vs 29 ps bottom corresponding to a deconvolved full
esting result that electrons experience fields which are aboweidth at half maximum(FWHM) of 17 ps for top and 20 ps
the peak velocity field and thus experierinereasedtransit  for bottom illumination. The directly observed FWHM rep-
times for increasing bias greater than 5 V. resents the shortest reported for 5pm diameter
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FIG. 1. The impulse response for top and bottom illumination of a.60

diameter planar MSM structure biased at 10 V. The incident pulse width is

depicted neat=—25 ps. 06
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Ing 53G& 47AS MSM structures. These results are explained
by observing that the electric field strength on the substrate
side of the absorbing channel is always substantially less 00
than the field strength on the electrode side of the channel.
What is remarkable, however, is the degree to which the lon , , _
decay component o the phooresponse is enhancd in (1, 28 1= et s vty s s e o
substrate illumination casand the nearly constant FWHM  crys. The electric field linegsolid) are also included(b) Hole velocity
of the main peak. contours. Note the electron velocities increase with increasing distance from
We have used conformal mapping techniques to deterthe electrodes.
mine the potential and field profile throughout the alternating
electrode structur® These results are appropriate represenyocity of electrons decreases throughout most of the struc-
tations of the electric fields when the structure is fully de-{re.
pleted and the potential across the contact layers is ypjike the top illumination case, back illumination gen-
negligible™ For the bias levels and low light intensities used grates a large density of carriers behind the electréitiese
these requirements are satisfied. The conformal mapping reegions are delineated by the dashed vertical lines in Big. 2
sults show that the regions near the substrate interface hayggst of the carriers generated in this region which must be
average field strengths less than 30 percent of the averaggjiected at the opposite contact, holes under the anode for
field (Vappied/Lg)- We have found it useful to examine the jnstance, must first travel back toward the substrate and
velocity vs position profiles in the structure. Using the therefore encounter a large path length and a fraction en-
velocity—field relationships for InGaAs Carriéf‘sand the cal- counter the buffer |ayer heterojuncti@patha in F|g Z(b)]
culated field profiles we have determined the quasistatic ca@my a small component of this small field moves the carri-
rier velocities in the structure. This neglects velocity over-ers along the hetero-interface, further reducing the velocity.
shoot and other transient effects which should be minimal forrhe top illumination condition does not allow photogenera-
the times scales of interest. Figur@Rdepicts the field lines  tion in these regions and the fraction of photogenerated
and the average velocity for electrons in the planar structurgharge which encounters the back heterointerface is vastly
for 5V bias. In Fig. 2b) the same field lines together with smaller than that of the top illumination case.
the quasistatic hole velocities are shown. Figui® Zepicts We have calculated carrier transit times for various po-
the interesting result that electrons which are furthest awagitions in the absorbing channel. Holes generated under the
from the electrodes actually possess a higher velocity. Alelectrodes and near the substrate have a transit time of 253 ps
though the electrical field strength falls off rapidly with in- [pathain Fig. 2(b)] to the opposite electrode. Electrons trav-
creasing distance from the electrodes, the large negative digling a similar path have a transit time of 35 ps. In contrast,
ferential velocity(NDV) of electrons in InGaAs results in holes generated in the center of the structure have a transit
this counter-intuitive behavior. The more conventional resultime of 55 ps. We concludé) the majority of electrons are
for holes is shown in Fig. ®). The velocity smoothly de- collected within 35 ps for both illumination condition@ij )
creases with increasing distance from the electrodes. Thsubstantial hole current continues for times greater than 200
hole velocities near the substrate interface of X10°  ps for the back illumination case only.
cm/s are much less than the saturation velocity. At 10 V bias, In Fig. 3 the bias dependent photoresponse for LB6
the velocities of holes systematically increases while the veexcitation and 2QuW average power is shown for both illu-
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FIG. 3. The bias dependent photoresponse for uB86excitation and 20

uW average power for both top and bottom illumination conditions. FIG. 4. The impulse response for 1.38n and 1.45um. Both top and

bottom illumination conditions are shown.

mination conditions. The features in the decay portion of thecarrier density at the substrate interface and the collection
response result from inductance and impedance mismatch obntact interface. For back illumination this ratio changes
the probe. For all biases observed, the back illumination hafom 3 to 1.36um to nearly 2 at 1.45um. For back illumi-
a larger slow component. nation, shorter wavelengths produce a higher concentration
The results of Fig. 2 suggest that the long decay times 0bf carriers at the substrate interface, these remote carriers
Fig. 3 are completely determined by hole transit times. Holeproduce a longer tail as shown. The corresponding band-
velocities throughout the structure should saturate 8 V  widths for 1.45um illumination are 14.4 GHz top and 6.2
and the initial spatial distribution of carriers has a dramaticGHz bottom illumination.
effect on average hole transit times. These are consistent In conclusion we have measured the intrinsic photocur-
with the observation that the largest bias measured of 20 Vent response of planar MSM structures and found a dramati-
varied negligibly from the indicated 10 V response and wasally enhanced long tail component which we have attributed
insufficient to produce a back illumination response com-exclusively to increased average hole transit times. We also
mensurate with the 5 V top illumination case. Additionally, report increased electron transit times with increasing bias
the back illumination case is expected to have significantiue to NDV.
hole current at times greater than 200 ps while the top illu-  This research was supported in part by the Georgia State
minated structure should have substantially less hole curretdvanced Technology Development Center, and by GTE
at these long delay times. Measurements performed at lowéraboratories Inc., Waltham MA. We also gratefully acknowl-
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tail for the back illumination thus eliminating carrier pileup Georgia Institute of Technology.
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