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Nanoscale GaAs metal-semiconductor—metal photodetectors
fabricated using nanoimprint lithography
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GaAs metal-semiconductor—metal photodetectbtSM PDg with a variety of nanoscale finger
spacings and widths were fabricated using nanoimprint lithogragiiy.). Compared with
MSM-PDs fabricated using electron-beam lithography and photolithography, the MSM-PDs
fabricated using NIL do not show observable degradation in the device characteristics if the
imprinting pressures are kept at 600 psi or below, although they do degrade at higher pressures.
© 1999 American Institute of PhysidsS0003-695(99)01616-3

Nanoscale metal-semiconductor—metal photodetectonsatterns can be successfully imprinted with a pressure as low
(MSM PDs?! and high-speed metal-semiconductor field-as 300 psi. The effects of different pressures will be dis-
effect transistorsMESFETS are key elements in optical and cussed later in this letter.
wireless communication systems. However, they are pres- After the temperature was cooled down, the mold was
ently fabricated using electron-beam lithograpkigBL),  separated from the substrate. The thin residual resist in the
which has high cost due to low throughput, thus limiting therecessed region was removed by a 60 s anisotropic oxygen
applications of nanoscale GaAs devices. reactive ion etchingRIE), carried out in a PlasmaTherm-

Nanoimprint lithography(NIL)? is a low cost, high 2486 system, with the rf power, pressure angflow rate
throughput, sub-10 nm lithography. It has the potential tokept fixed at 150 W, 3 mTorr, and 6 sccm, respectively.
become a tool for the mass production of nanoscale GaAs The molds used for the experiment were patterned using
devices. Previously, nanoscale silicon field-effect transistor&BL and photolithography. Typical mold intrusion features
have been fabricated using NfLHowever, compared with Wwere from 190 to 330 nm deep, which was optimized accord-
silicon, GaAs is very brittle and more susceptible to me-ing to the feature size of the MSM pattern.
chanical damage. Furthermore, GaAs cannot be heated to TO compare the effects of NIL with other lithography
high temperatures to thermally anneal out the damage, as f§chniques, we also patterned reference MSM samples by
the case of Si devices. Therefore, it is important to study th@hotolithography ande-beam lithography, with a custom-
effects of NIL on GaAs device characteristics, such as surbuilt high resolution electron-beam lithography system con-
face damage of GaAs during imprinting and dry etching inverted from a JEOL-840 scanning electron microscope oper-
pattern transfer. The Schottky contacts in MSM PDs aréited at 35 keV. _ _
ideal structures to study these damages, because the current— 10 €nsure a good comparison, the samples fabricated by

voltage (—V) characteristics of the contacts are very sensi/NIL @nd other lithography methods were processed together

tive to the surface states and defects. after the pattern definition steps mentioned above. The com-
In this letter, we report the fabrication and characteriza MO Process steps included a 30 s dip in diluted HCI solution

tion of nanoscale and micrometer-scale GaAs MSM PDs us-
ing nanoimprint lithography, compare them with MSM PDs
fabricated usinge-beam lithography and photolithography,
and discuss the effects of different imprinting conditions on
the detectors’ characteristics.

In the NIL process, a MSM mold with interdigited fin-
gers was first created on a silicon substrate. Next, a layer of
polymethylmethancrylatg PMMA) was spun on a semi-
insulating (SI) GaAs substrate. Before imprinting, both the
mold and the PMMA-coated substrate were heated up to
175°C, well above the glass transition temperature of the
PMMA (105°Q, where the polymer becomes a viscous
fluid. The mold was then pressed into the PMMA to create a
thickness contrast pattern in the polymer. The NIL pressures
used for PMMA resist are typically around 600 psi, although

FIG. 1. GaAs MSM photodetectors with finger spacing of 300 and 600 nm,
¥Electronic mail: zhyu@ee.princeton.edu respectively, fabricated using nanoimprint lithography.
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FIG. 2. The current—voltage characteristics with different incident light in- . .
" . . FIG. 4. The dark currents at 1.0 V of MSM PDs fabricated using EBL and
?ﬁgsi:'zzgfni?ap‘s MSM photodetector fabricated by NIL. The finger Spac'nanoimprint lithographyimprinted at 600 p$i The finger spacing is 200,

400, and 600 nm. The dark currents for the samples with 200 nm finger
spacing are widely distributed.

followed by a 2 min rinse in de-ionizedDl) water for the

removal of surface contaminants. After that, Cr/Au WaSEBL For th devi ith f ing | than 300
evaporated on both to form the Schottky contacts. - For those devices with inger spacing 1ess than s0U nm,

The MSM PDs fabricated by EBL and NIL had finger therg were large variations in the average value and width of
spacings and widths of 200, 300, 400, 500, and 600 nm anglstrlbutlon of th(_a c_iark cur_rents for both _EBL a_nd NIL_
a detection area of 14mx 14 um (Fig. 1). The MSM PDs samples. The varla'.uons: which were associated ywth the in-
fabricated using photolithography and NIL had finger Spac_crease of the electrlcallfleld.s between_the r_netal fingers, pre-
ings and widths of 0.9, 1.7, and 2/0n with a detection area vented a good comparison In that de_V|ce Siz€ range.
of 26umx23um. The electrical properties £V) were The_samples compared in e_ac_h figure are from the same
characterized using an HP 4145B semiconductor analyzer.Processing batch, because variation was also observed for
Figure 2 shows the typical dc characteristics of a 500 nnflifferent processing runs. In spite of that variation, for the
finger spacing GaAs MSM PD made by NIL at different samples from the same batch, the_ difference between the
iiluminations. Thel =V curves, which are similar to those 'eference samplety EBL or photolithographyand those
fabricated by EBL, do not show perfect saturation because dfbricated by NIL(at 300 and 600 psiwas not observed.
surface recombination centérs. To study the effects of imprinting pressures on the GaAs

The MSM PDs’ dark currents were measured at 1.0 VMSM PDs’ characteristics, we fabricated MSM PDs on
bias. Figure 3 compares the dark currents of the MSM PD&aAs which were imprinted under different pressurés:
fabricated by photolithography and NIL at a pressure of 606900 Psi, which is the typical pressure for imprinting in
psi. There is no observable difference in the dark currents. PMMA; (2) 300 psi, a pressure lower than the typical value

Figure 4 compares the MSM PDs fabricated by EBL andPut the pattern can still be successfully transferi@y;900
NIL at a pressure of 600 psi. We found that when the metaPSi: Which is higher than the usual NIL pressure.
finger spacing was larger than 300 nm, the MSM PDs fabri- _ The results are shown in Figs. 5 and 6. No apparent

cated using NIL were identical to those fabricated usingdifferences inl—V were observed between those samples
imprinted at 600 and 300 psi. However, a significant device
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FIG. 3. The dark currents at 1.0 V of MSM PDs fabricated using photoli-
thography and nanoimprint lithographimprinted at 600 psi The finger FIG. 5. The dark currents at 1.0 V of MSM PDs fabricated using EBL and
spacing is 0.9, 1.7, and 20m. Within the measurement error, the photo- nanoimprint lithographyimprinted at 300 and 600 psiThe finger spacing

detectors fabricated by NIL and photolithography are identical. is 500 and 600 nm. The difference between them is not observable.
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100 pressure-induced surface damage, which degrades the
1 o . Schottky diode contact between the GaAs substrate and the
80+ o Z E:t;*%ps: evaporated metal layers. Although surface damages to GaAs
v NLat 300 zi during different fabrication processes have been extensively

60 g studied®® Our experiment is the first study of the effects of

NIL pressure on the GaAs—metal Schottky barriers. Further-
more, our experiments show that NIL has a higher resolution
for patterning nanoscale features on GaAs than dedeam
patterning because NIL does not suffer the proximity effect
which limits the EBL resolution. Our experiment indicates
that when the imprinting pressure is kept at 600 psi or below,
NIL will not create noticeable degradation in theV of

500 ' <00 GaAs MSM PDs.
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FIG. 6. The dark currents at 1.0 V of MSM PDs fabricated by imprinting at

different pressure$300, 600, and 900 psiThe finger spacing is 400 and

600 nm. Degradation of the 900 psi samples leads to an increase in the

average dark current and a wider range of variation. 1S.Y. Chou and M. Y. Liu, IEEE J. Quantum Electrd8, 2358(1992.
2S.Y. Chou, P. R. Krauss, and P. J. Renstrom, J. Vac. Sci. Techrigl, B
4129(1996.

performance degradation was observed for the MSM PD’L. J. Guo, P. R. Krauss, and S. Y. Chou, Appl. Phys. L&t, 1881

samples imprinted at 900 psi, where the average dark currerht(slggnéhou and P. B. Fisher, J. Vac. Sci. TechnoB,EL919(1990

was increase_d gnd_ the range of variatior_1 in dark_ currents wass, . pang, J. Electrochem. SAS3 784 (1986.
widened. This indicates that at 900 psi, there is significant®D. A. Allan, P. J. Smith, and J. A. Bowie, Vacuu®®, 543 (1985.
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