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Abstract. The transient photoconductive response time of the ferromagnetic semi- 
conductor CdCrzSe4 was measured to be smaller than 90 ps, the response time of the scope. 
The measurements were performed at room temperature (300 K) for 0.53 and 1.06 ~tm 
excitations using a mode locked frequency-doubled YAG laser. 
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Recently, there has been much interest in the fabric- 
ation and application of photonic switches. The applic- 
ations of these switches range from material studies to 
the measurement of the transient response of fast 
electronic devices. Photoconductive switches with re- 
sponse times ranging from 6 ns to ,-~ 1 ps have been 
reported [1-4]. Semiconductors such as Si [1], 
Cr :GaAs [2], Fe: InP [3], and amorphic Si [4] have 
recieved much attention. Variation of responses is 
attributed to carrier relaxation lifetime, contact effects 
and method of biasing the switch. The use of Si as a 
material for semiconductor switches has the disadvan- 
tage that carrier recombination in Si is slow, of the 
order tens of microseconds; therefore the repetition 
rate of this device is limited. A high repetition rate of 
the order of 1 GHz can be obtained by using Cr: GaAs, 
which has a free carrier lifetime of 100 ps. In contrast 
with Si, this device turned off automatically owing to 
the short life time of the carriers. The introduction of 
defects in silicon (now amorphous silicon) will vary the 
rate of decay of the photocurrent from greater than 
200 ps to less than 4 ps, depending on the density of 
defects. Fe: InP optoelectronic switches have been 
developed with response times which vary from 6 ns to 
less than 100 ps depending on the starting material 
processing procedure. These devices have shown an 
efficient and broad band high speed response to a 
broad spectrum of excitation, and may be better suited 
for highspeed analog signal processing applications 
than previously reported Si and GaAs switches. 

CdCr2Se 4 a ferromagnetic semiconductor has been 
intensively studied due to the strong mutual influence 
of magnetic, optical and electrical properties, which 
leads to an anomalous dependence of absorption edge, 
electrical conductivity and magnetoresistance on tem- 
perature and on magnetic field [7-11]. We have 
reported an ultrafast photoluminescence recombin- 
ation time of 3.8 ps for CdCr2Se4 at room temperature 
[7]. This short carrier recombination time suggests 
that CdCrzSe 4 can be used for an ultrafast on and off 
optoelectronic switch. 

We report the performance of a new ultrafast 
photoconducting switch using the ferromagnetic semi- 
conductor, CdCr2Se4. The CdCrzSe 4 sample 
(0.5 mm x 1 mm x 2.0 ram) was attached to a micro- 
stripline. The active region of the photoconductive 
switch is defined by a 0.5 mm separation (gap) between 
the upper electrodes of the microstrip line. The dimen- 
sions of the microstrip line were such as to produce an 
approximate 50 f~ characteristic impedance (Zo). The 
excitation consisted of 0.53 and 1.06 Ixm pulses of 
durations approximately 30 and 45 ps, respectively, 
from a mode locked frequency-doubled YAG laser. 
Using an E G & G  Princeton Applied Research 
(EG&G) 4420 boxcar averager, 4421 sampled in- 
tegrator, 4402 signal processor and a Tektronix S-4 
sampling head, the photoconductive response of the 
CdCr2Se 4 switch to the 0.53 Ixm excitation (Fig. 1) 
displays a rise time (tr) and fall time (ty) of approxi- 
mately 90 ps. The ultrafast switch output signal is 
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Fig. 1. Sampled response of CdCrzSe 4 ultrafast switch to the 
excitation of wavelength (2) 0.53 gm (t/= t r ~90 ps) 
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Fig. 2. Dark current [mA] as a function of negative and positive 
voltage. Region of linearity is between - 149 and + 149 V 

limited by the measuring device response time. The 
jitter of the unit limits its response time to approxi-  
mately 90 ps. The excitation energy was 55 gJ (10 I l z  
rep. rate), and the applied bias was 100 V. The dark 
current, bias voltage dependence is linear for a range of 
- 149 to + 149 V as shown in Fig. 2. Above 149 V the 
dark current increases superlinearly. This implies that  
without excitation the contacts are ohmic up to 149 V. 
Displayed in Fig. 3 is the photoconductive response of 
the ultrafast switch with respect to bias voltage (Vb) 
under the illumination intensities of 3.1 and 
11 G W / c m  z at 0.53 and 1.06 gm, respectively. Notice 
tha t  in each case the photoconduct ive response is 
linear. The sublinear intensity dependence of the 
photoconduct ive response of 0.53 gm, as shown in 
Fig. 4, indicates that  the electrical contacts are non- 
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Fig. 3. Bias voltage (lib) dependence of the photoconductive 
response (Volt) for 0.53 and 1.06 gm at 3.1 and 11 GW/cm 2 
illumination intensity, respectively. Note the linear relationship 
in both cases 
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Fig. 4. The photoconductive response as a function of illumin- 
ation intensity (arb. unit) for 0.53 and 1.06 g m  at a maximum 
illumination intensity of 3.1 and 11 GW/cm z, respectively. Note 
the sublinear relationship in both cases 

ohmic in character for the carrier densities achieved 
and "blocking" contacts do form. One explanation for 
this behavior is that the contacts could not supply 
additional carriers to replace those excited by the light 
pulse, thus the photocurrent  would not increase linear- 
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ly with illumination intensity but instead would tend to 
saturate. The slightly sublinear intensity dependence 
of the photoconductive response at 1.06 gin, as shown 
in Fig. 4, may be explained by one of two ways: 1) The 
below gap response may be due to defects in the sample 
and the partially blocking contacts have a small effect 
on the intensity dependent photoconductive response. 
2) A two photon absorption process is occuring and the 
contacts are completely nonohmic and are having a 
severe effect on the photoconductive response. It seems 
the first case is more probable, where the d-levels 
contributed by the chromium plays an important  role 
along with defects in the below gap response. 

A space charge field will be generated near a 
nonohmic contact resulting in the collapse of the 
applied electric field across the semiconductor, which 
artificially reduces the photoconductive decay time. In 
addition to a photoconductive decay time that is not 
representative of electronic transport within the semi- 
conductor, there is usually a fairly strong photovoltaic 
response. In the case of the CdCraSe4 switch, there was 
no photovoltaic response, suggesting (in conjunction 
with the linear relationship between the photoconduc- 
tive response and bias voltage) that the contacts a r e  
only partially nonohmic. The effects of a nonohmic 
contact to the photoconductive response can be cir- 
cumvented by applying a pulsed electric field with a 
temporal duration less than the space charge field 
build up time, the dielectric relaxation time. Depend- 
ing upon the particular semiconductor and the photo- 

excitation, the dielectric relaxation time can vary from 
microseconds to femtoseconds. 

Acknowledgements. We wish to acknowledge the support of 
AFOSR grant No. 860031, NASA Sponsor I.D. NGT-70026 
and discussions with Dr. W. Miniscalco of General Telephone 
Electronic (GTE) and Dr. A. Johnson of AT & T Bell Labora- 
tories. Special thanks to Robert Helminski of Tektronix and 
Roy Howard of EG&G Princeton Applied Research for the 
loan of equipment. 

References 

1, P.R. Smith, D.H. Auston, A.M. Johnson, W.M. Augustyniak: 
Appl. Phys. Lett..38, 47-50 (1981) 

2. Chi H. Lee: Appl. Phys. Lett. 30, 2, 84-86 (1977) 
3. F.J. Leonberger, P.F. Moult0n: Appl. Phys. Lett. 35, 712-714 

(1979) 
4. D.H. Auston, P. Lavallard, N. Sol, D. Kaplan: Appl. Phys. 

Lett. 36, 66-68 (1980) 
5. D.H. Austc;n, A.M. Johnson, P.R. Smith, J.C. Bean: Appl. 

Phys. Lett. 37, 371 373 (1980) 
6. D.E. Cooper, S.C. Moss: IEEE J. QE-22, 94-100 (1986) 
7. P. Ho, W. Lain, A. Katz, S. Yao, R.R. Alfano: IEEE J. QE-22, 

205-208 (1986) 
8. G.H. Larsen, A.W. Sleight: Phys. Lett. A 28, 203 (1968) 
9. S.S. Yao, F. Pellegrino, R.R. Alfano, W.J. Miniscalco, A. 

Lem.picki.: Phys, Rev. Lett. 46, 558-566 (1981) 
10. G.H. Larsen, A.W. Sleight: Phys. Lett. 28 A, 203-204 (1968) 
11. H.W. Lehmann, M. Robbins: J. App. Phys. 37, 1389-1390 

(1966) 
12. A.M. Johnson; D.H. Auston, P.R. Smith, J.C. Bean, J.P. 

Harbison, A.C. Adams: Pliys. Rev. B 23, 6816-6819 (1981) 
13. P.M. Downey, D.H: Auston~ P.R. Smith: Appl. Lett. 42, 

215:-217 (1983) 


