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The dependence on photon energy of the persistent photoconductivity 

(PPC) in selectively doped high mobility Alo_3Gao.vAs--GaAs heterostruc- 

tures has been measured at temperatures below 80 K. A decrease in 

conductivity due to light exposure at one wavelength after exposure to light 

at another wavelength - -  photo-quenching - -  is also found. It is conclud- 

ed that deep centers in GaAs and AIGaAs other than the DX center in 

AIGaAs are mainly responsible for PPC. 
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Very high electron mobilities /~nc have been found in the channel 

between AlxGal_xAs - GaAs hetero-junctions in which the A1 x Gal_xAS is 

heavily doped n-type and the GaAs is undoped or lightly doped - -  selec- 

tively doped heterostructures. 1 4 It has also been found that at low temper- 

atures t~nc and the density of electrons in the channel N c are substantially 
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increased when the structures are illuminated with white light. 2,5 Moreo- 

ver, most of the increase in /~nc and N c persist for indefinite periods of 

time when the light is turned off for T < 77 K. This phenomenon has been 

termed persistent photoconductivity (PPC). Drummond et al. 5 have stud- 

ied Hall effect as a function of temperature in samples with unexposed /~nc 

-~ 105cm2/V sec at 77 K and have found that the decrease of PPC with 

increasing temperatures is similar to that for the DX 6,7 center in 

AlxGal_xAS and suggested that the DX center is responsible. Tanoue and 

Sakaki 8 have studied the wavelength dependence of the rate of increase of 

PPC at 77 K in samples with unexposed /tnc ~ 30,000 cm2/V sec. They 

find that the phenomenon does not occur for light with photon energy hv 

below 0.8 eV. Above energies 0.8 eV they find N c and /tnc increase with 

secondary thresholds (ie. increases of rate) at 1,3eV and 1.9eV. They 

suggest that there is difficulty with the interpretation that the trap responsi- 

ble for PPC is the DX center in AlxGal_xAS. 

In this communication we report measurements of the spectral depend- 

ence of the PPC. The data generally confirm those of Tanoue and Sakaki 4. 

However, we show that Tanoue and Sakaki's results depend on the detailed 

method in which the data is taken. In addition we present results on the 

spectral dependence on the terminal value of the PPC. We also report 

infrared-quenching of the PPC (i.e., once the sample has been put into a 

high conductance state, longer wavelength radiation causes it to go to a 

lower conductance state). The results indicate that the PPC is due to either 

macrosocopic fields or trap centers other than the DX center. It appears 

that traps are present both in the GaAs and AIGaAs. 

"Fhc samples were grown by molecular beam epitaxy (MBE) at 610 C 

on high resistivity (>107f~cm) undoped liquid encapsulated Czochralski 

substrates obtained from Microwave Associates, Burlington, Massachusetts. 

They consisted of 2.5#m buffer layer of undoped GaAs followed by 80/], of 

undoped AI0.3Ga0.TAs, then 300A of Alo_3Ga0.7As doped with Si 1.4.1018 

cm -3, capped by 35A of 2.1018era -3 Si doped GaAs. Hall effect and 

photoconduetivity were measured on plotolithographic van der Pauw 

samples from two separate identically grown layers. The Hall effect data at 
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77 K is s h o w n  in Table  I for  a typical  sample .  

Table:  Hall  E f f ec t  at  77 K 

/ZnC 

c m 2 / V - s e c  

N c 
1011 

cm~2 

721 

B E F O R E  E X P O S U R E  

T O  W H I T E  L I G H T  2 2 , 0 0 0  1.2 

A F T E R  E X P O S U R E  

T O  W H I T E  L I G H T  106 ,000  5.8 

The  sample  was cooled  f rom r o o m  t e m p e r a t u r e  to 80 K or  sl ightly 

be low in the  da rk  and t hen  exposed  to l ight  f rom a m o n o c h r o m a t o r  as the  

p h o t o n  ene rgy  was increased  wi th  t ime.  T he  m o n o c h r o m a t o r  used had  a 

C a F  2 pr i sm wi th  a t ungs t en  bu lb  source.  The  sample  is very sens i t ive  to  

l ight wi th  h igher  p h o t o n  energy  par t icu la r ly  above  the  ene rgy  gap of  GaAs .  

T h e r e f o r e  ex t r eme  care was t aken  to e l imina te  p h o t o n s  with h igher  ene rgy  

t han  the  p r o b e  energy  wi th  the  use  of filters.  Wi th  a f i l ter  e l imina t ing  all 

h v > 0 . 7 5 e V  no change  in shee t  r es i s t ance  wi th  t ime was obse rved  to less 

t han  2% . Fig. l a  shows the  res i s t ance  vs. t ime as the  p h o t o n  ene rgy  was 

swept  t oward  h igher  p h o t o n  energies  wi th  the  sample  at  35 K and  wi th  a 

1.28 eV low pass  fi l ter in the beam.  The  sample  had  not  previously  b e e n  

exposed  to light. The  th re sho ld  for  P P C  can  be  seen  at 0 .82eV in agree-  

men t  wi th  T a n o u e  and  Sakaki.  The  t h r e sho ld  is i n d e p e n d e n t  of t e m p e r a -  

ture b e t w e e n  35 K and 85 K. 

The  shou lde r  barely visible in Fig. l a  can  be  e n h a n c e d  if the sample  is 

run unde r  s o m e w h a t  d i f fe ren t  condi t ions .  In Fig. l b  the  sample is aga in  

run f rom low to high p h o t o n  energies  as a func t ion  of t ime on the  lower  

abcissa.  Now,  however ,  the  sample  was exposed  to l ight  be tween  0 .82  and  

1.28eV for  a shor t  per iod  pr ior  to the  run so tha t  the  res i s tance  was re-  

duced by 2 0 %  from the dark  value  ind ica ted  by RDARK. It can be seen  

tha t  be low 0 . 8 2 e V  the th resho ld  in the dark  res i s tance  increases  wi th  t ime.  

This is a k ind of quenching .  H o w e v e r  it is no t  necessa ry  to s imul taneous ly  
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Fig. 1. Resis tance vs. t ime as the photon energy is swept  to higher energy 
as imticated by the top scale. The slit width is 100 p~m for C a F  2 prism in a 
Perk in-Elmer  model  98 monochromator .  
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illuminate the sample with greater  than band gap radiat ion.  If the sample is 

exposed to light of  a given photon energy, light of a lower  energy will cause 

the resistance to increase with time. In the dark the resistance of the 

sample is constant  after exposure to light of less than the energy gap. The 

peak at 1.0eV represents  an increase of res i s tance  with time. Similar 

effects  have been observed  in this photon energy range in bulk high resis- 

tivity GaAs  containing oxygen and chromium, by Lin  et al. 9 This peak was 

not repor ted  by Tanoue  and Sakaki. 

For  light with h . < l . 4 2 e V  (room tempera ture  G a A s  filter) the conduc-  

tance increases further.  Howeve r  in order  to reach the maximum conduc-  

tance it is necessary to expose the sample to light with h v > l . 5 2 e V  (the 

energy gap of GaAs  at low T). No further  increase in final conduc tance  
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was observed at higher photon energies. This result is shown in Fig. 2. 

However an increase in the rate of reaching the final value was observed at 

1.9eV, which is close to the energy gap Eg for AIo.3Gao.7As. 

The change in resistance with time under less than energy gap illumi- 

nation was followed to completion at 1.2eV. This process took about two 

hours. The result is shown in Fig. 2 plotted as the 0 at 1.2eV. At lower 

photon energies the approach to equilibrium had not been reached even 

after 3 hours of observation. After 3 hours exposure at 1.0eV the conduc- 

tance was 0.15 in Fig. 2 but it was still increasing. 
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Fig. 2. 
Conductance vs. photon ener- 
gy. The low value applies for 
photon energies <0.82eV. The 
high value is after exposure to 
h,~>l.5eV. In between the 
conductance depends on the 
history light exposure. The X's 
are after  exposure to 
h~>Eg(GaAs) then exposure at 
the h~ where they are plotted. 
The o is the final conductance 
after exposure only to 1.2eV 
light. 

If, after exposure to hu>Eg (GaAs) the sample is left in the dark until 

the transient photo-conductivity decays (about 3 minutes) and then expo- 

sed to hu<Eg(GaAs) the sample conductance is reduced with time for times 

as long as one hour. This photoquenching also persists when the light is 

turned off, that is, the conductance is stable in the dark. Fig. 2 shows the 
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final value of conductance at three different hv plotted as x's. It can be 

seen that approximately 40% of the photo-conductance can be quenched 

by the light with hv<Eg and the value of the quenched conductance is 

approximately independent of hr. 

The spectral dependence of the PPC of thick A1GaAs layers has been 

studied by Collins et al. ~1. Their results differ substantially from ours and 

Tanoue and Sakaki. They observe a threshold at 0.6eV, and no increase at 

the Eg of GaAs or A1GaAs. However on the basis of experiments in which 

they etched the sbustrate they conclude macroscopic fields are involved in 

the PPC in agreement with results of Matsumoto et al. 12. We also agree 

with the conclusions. 

One can draw the following inferences from the experimental results 

presented above. 

1) The DX center is not totally responsible for the PPC, if at all. Lang 

and Logan I~ reported appreciable (10 -3 of its peak value) optical cross 

section of 1.0eV whereas we observe a threshold of 0.82eV. Moreo- 

ver, infrared quenching was not found for DX centers in AlxGal_xAS, 

whereas we do observe it. 

2) The fact that hv must be greater than Eg(GaAs) to obtain the maxi- 

mum conductance suggests that macroscopic fields are separating 

electron hole pairs as found by Theodorou and Queisser 13 in GaAs 

structures. 

3) A possible cause for the infrared quenching is that electrons are 

excited out of the channel by free electron absorption. The lack of 

dependence on hv suggests that these cross the barrier into 

AIo.3Gao.7As where they are retrapped. 

It appears that trapping in both the GaAs buffer layer and the 

Alo_3Gao.TAs contribute to the persistent photo-conductivity in selectively 

doped A1GaAs--GaAs heterostructures. Unidentified deep centers usually 

present in high resistivity material are involved. 
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