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Abslracl. A high performance long-wavelength interdigitated metal-semiconductor-metal (MSM) 
photodetectors is reported in this paper. The photoabsorbing layer consists of an InGaAslOaAs 5trained layer 
superlattice de5igned for light absorption in the long wavelength region. The structure, grown on a GaAs 
undoped substrate, is fully compatible with the technology of the mature OaAs electronic devices. The MSM 
photodiodes exhibit a very low dark current, 26 nA at 10 V applied bias, a very fast pulse response with a 
deconvoluted full width at half maximum of about 13 ps at 10 V applied bias, corresponding to an intrinsic 
bandwidth of about 35 GHz. 

Introduction 

Metal-semiconductor-metal (MSM) photodetectors (PD) are becoming increasingly 
attractive in optoelectronic communication systems. Due to their planar structure, they 
have a very small capacitance and are easily integrated with FET transistors. For the long

wavelength region. 1.O-1.6Jll1l, which is suitable for optical fiber communication, the 

photoabsorbing layer of the detector should be made of a low band-gap material sucb as 
InGaAs lattice matched to InP substrate. Moreover, because of its excellent transport 
properties, this material system has also been used to realize very high perfonnance 
electronic devices. In the past decade, considerable efforts were devoted to integrate such 
optical and electronic devices to realize optoelectronic integrated circuits (OEIC) [1-4]. 
However, because of the material difficulties and immature processing teclmiques, these 
OEle grown on loP comprise only few electronic devices. In contrast, large scale GaAs 
MESFET Ie technology is well established and easily available. Therefore, by integrating 
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!ong-wavelengthphotodetectors with the large scale GaAs MESFET IC, one can achieve 
long-wavelength OEIC's with desired perfonnance and increased functionality. This 
require the growth of the photoabsorbing InGaAs layer lattice mismatched on a GaAs 
substrate. To date, limited number of attempts have been made to fabricate photodetectoTS 
on lattice mismatched layers [5-8]. In most cases, these detectors have cutoffwavelengths 
below 1.3 11m or suffer from relatively slow response speed and/or high dark currents. 

In this paper, we present the realization of a high performance MSM PD llsing an 
InGaAs/GaAs strained layer supedattice (SLS) active layer grown on GaAs substrate. 
The Indium content and the well and barrier dimensions of the SLS arc designed to 
efficiently absorb light in the long-wavelength region, a requirement for application in 
optical fiber communication systeIIl&z A thin GaAs/AIGaAs superlattice is grown on top 
of the SLS, its role is to smoothen the growth front and block the propagation of threading 
dislocations generated by the SLS [9]. Thus, enabling the subsequent growth of the active 
layer of the MESFETs with reasonably good quality. This layer will also be used as Schottky 
barrier enhancement layer for the MSM diodes. 

Devite Destription and Fabrication 

The MSM PD is made by fanning two Schottky contacts on an undoped semiconductor 
layer. The device has a planar cOnfiguration with interdigitated metal electrodes as shown 
in Fig.I. The electrodes typically have width and spacing in the range of I to 5 ,.un. The 
dark current of the device is principally determined by the height and quality of the Schottky 
harrier. Since this device has a planar structure, it has the advantage oflow capacitance as 
compared to the p-i-n structure. Thus, reducing the RC time constant and leaving the 
response speed limited by the transit time of the photogenerated carriers. The latter can be 
made very small by reducing the electrode spacing. 

For undoped and infmitely thick detector material, the capacitance of the MSM is 
given by [10,11]: 

C=€:oO+t:r)(N-I)L K(k? 
K(k ) 

where~ is the relative dielectric constant of the semiconductor, N is the number of fIngers, 
and L is their length. K(k) is the complete elliptic integral of the ["lIst kind, it is given by: 
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where w is the finger width and d is the fmger spacing. Figure 2 shows the dependence of 
the MSM capacitance with the finger length L for three values of finger spacing d, the 
fmger width w is maintained flxed at 2 1J.m. For L = 50 ",Ill, w = 2 101m, and d = 2 ",m, the 
dimensions of the presented MSM, a capacitance of about 36 fF is obtained. This value 
suggests a response time, in a 50 n system, of about 1.8 ps. The transit time of 
photogenerated carriers, on the other hand, are on the order of [(fmger spacing)/(2 )( 
saturation carrier velocity)]. AnMSM with 2 J!m fmger spacing, and assuming an average 
saturation velocity of about 6 x 106 cmls [11], yield a transit time of photogenerated 
carriers of about 16 ps suggesting that the speed of response of such a device wil1 be 
limited by the transit time of carriers. 

L =50!-,m 

a) 

- - - - -GaAs I AIGaAs SL 

InGaAs I GaAs SLS 

GaAs Substrate 

b) 

Fig. t. S"hematic view of inter digit at cd MSM photodetedor a) top view and b) cron section. 

The epitaxial layers, of the present structure, were grown by MBE on an undoped 
GaAs substrate. They consist of a 0.2 11m GaAs buffer layer, a 120 period InGaAslGaAs 
SLS with total thickness of 0.84 IJ.m to be used as the photoabsorbing layer of the MSM, 
and a thin 10 period GaAs/ AIGaAs superlattice capping layer. The SLS, grown at 450 "C, 
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barriers are 35 A thick and the In content oftbe InGaAs wells is about 0.5. 

E 
j 
"i 
.; 

'00r------------------------------, 

,.,. 

.00 

d -I _Iuoa 

d - :1 .. Iu-o ... 

d-3 ... luo •• 

, , 

/ 

/ 

O~~EC .. :--~'""O~...,"':=:::;:::..C"O~...,:-:::~-.C"OJE_>,.,.~-.C"OJ...,-~-.-"OJE.' 

Fig. 2. Capadt .. nu ",nul finKer 1'"ltb orlhe InterdlcilllN pilAu MSM diad", ror 1.2, and J 
11m tinier spIcing_ad 2 11m finler wldtlil. 

Fig. 3, Phatalnph of Interdigitated MSM pholodrl~tor wllh 2 11m linger spatln, and 50x5O 
j.1m2 Ictlve Irel. 
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The fabrication starts with device isolation by mesa etching down to the substrate, 
then depositing a 0.5 ~m thick polyiIoide insulating layer, which is developed away on 
top of the mesas. 1ms layer prevents leaky contact between the exposed InGaAs/GaAs at 
the wall of the mesas and the metal electrode. The interdigitated contact structure (Fig.3) 
was realized by the evaporation ofTiIPtI Au on the top surface of the .mesas, using standard 
optical lithography and lift-off technique. The MSM photodiodes have an active area of 
50x50 Ilm2, with finger width and spacing of2x2 ,",m. 

Results and Discussion 

Figure 4 shows the measured dark current-voltage (I-V) characteristics of a typical 
MSM. The diodes exhibit a very symmetric I-V curves, with a very low dark current, less 
than 26 nA at 10 V bias, and a breakdown voltage in excess of 20 V. These results 
illustrate the high quality of the Schottky barrier height revealing the good quality of the 
GaAs/AIGaAs capping layer and the reasonable crystalline structure of the InGaAs/GaAs 
SLS photoabsorbing layer despite the strain caused by the lattice mismatch. 
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Fil. 4. Dark C'urrent-yoltage ~hara~lerilliC'1 of InGaAslGaAs MSM photodet«tor. 
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The response speed of the photodetectors was measured on wafer by the pulse method, 
using a Cascade Microtech Probe station with 26.5 GHz bandwidth. Short optical pulses 
(FWHM ( 200 fs ) at 890 nm from a Titan~Sapphire laser Coherent Mira 900 provide the 
light excitation. The pulse response, shown in Fig.5, was recorded by a Tektronix 54 
sampling head with 25 ps rise time. The total system response width is about 40 ps. The 
measured FWHM, rise lime and fall lime, at J 0 V applied bias, are 42 ps, 28 ps and 66 ps, 
respectively. The absence of an extended tail in the response time, a desirable feature in 
high speed digital communication, shows that there is no significant charge trapping at 
the heterointerfaces which would screen the external field [12]. Deconvoluting for the 
system response, the actual detector pulse response FWHM is expected to be about 13 ps, 
corresponding to an intrinsic device bandwidth of about 35 GHz. It should be noted that 
the measured FWHM is in good agreement with the transit time of about 16 ps estimated 
earlier. These results are comparable to the best results published in the literature (5].[7], 
[13]-[14]. 

Fig. 5. Optical pUIR rnponR orlnGaA5/GaAs MSM photodetrctor with 2 ).1m nnger spacing at 10 V 
applied bias. 

The high performance of these structures as evidenced by the very low dark current, 
the symmetric J-V characteristics, and the very fast speed of response indicates that the 
superlattice structure and the thin capping layer are of sufficient crystalline quality for 
detector applications despite the strain in the SLS. These results make this structure a 
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promising candidate, in the realization of high speed long wavelength monolithically 
integrated photoreceiver using the mature GaAs technology, for applications in optical 
fiber communication systems. 

Conclusion 

A long wavelength, high perfonnance MSM PO, was realized using an InGaAslGaAs 
SLS grown on GaAs substrate. The diodes have a very symmetric I-V characteristics, a 
very low dark current of 26 nA at 10 V bias, and a very fast impulse response of 42 ps 
FWHM. The photodetectors are fully compatible in growth and processing with the mature 
GaAs MESFET. Thus, promising for the realization oflong-wavelength OEIC with desired 
performance and increased functionality. 
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