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Bias~dependent photoresponse of p+in GaAsl AJAs/GaAs diodes 
M. R Malioch, c. P. McMahon, M. S. Lundstrom, J. A. Cooper, Jr., 0-0, alan, and 
S. Bandyopadhyay 
School of Electrical Engineering, Purdue University. West Lafayette, Indiana 47907 

(Received 8 October 1986; accepted for publication 17 November 1986) 

We report photocollection efficiency measurements of p + in GaAs! AIAs!GaAs diodes 
fabricated on films grown by molecular beam epitaxy, Both the zero-bias and bias-dependent 
photocollection characteristics can be explained by assuming that the band discontinuity 
between AlAs and GaAs is mostly accommodated i.n the valence band. 

Due to the important device applications of GaAs and 
Alx Gal _ x As, there has been much activity in recent years 
to determine the band alignment of this heterojunction. I

-
JO 

It is presentiy accepted that the r GaAs to r AIGaAs con
duction-band discontinuity is between 0.6 and 0.65 of the 
direct band-gap difference, Recent workers have shown that 
r GaAs to X AIGaAs (in the indirect aUoy) conduction
band discontinuity is significantly below 60% of the indirect 
band-gap difference.6

,R,1O From photosensi.tive capacitance
voltage measurements and internal quantum efficiency mea
surements of p + in and n + ip GaAs! ALAs/GaAs photo
diodes, we have seen qualitative evidence that the band 
discontinuity between AlAs and GaAs is mostly accommo
dated in the valence band;1l,12 this is in agreement with re
cent reports of other investigators. 6

,8,10 In this letter we re
port bias-dependent photoresponse measurements of p+ in 
photodiodes. The measurements clearly demonstrate that 
the band discontinuity is largely accommodated in the va
lence band. 

The device, whose structure is shown in Fig, 1, uses 
films grown by molecular beam eptiaxy (MBE) in a Perkin
Elmer PHI 400 MBE system, The starting substrates were 
(100) cut and silicon doped at 1.5 X 1018 em- 3

• The GaAs 
buffer layer was grown at a substrate temperature of 600 °C 
and doped with silicon to 1.9 X 1016 cm- 3

, The 421O-A.-thick 
un doped AlAs layer was grown at a substrate temperature of 
700 ce, The top GaAs layer was grown at a substrate tem
perature of 600 °C and doped with beryllium to 1 X 1018 

cm - 3. (The doping densities were determined by capaci-
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FI G. 1, P + in GaAsl AIAs/GaAs device structure. 

tance-voltage profiling.) Devices of dimension 300 flm by 
300 pm were defined by photolithography and subsequent 
wet etching. Ohmic contacts of dimension 100 ftm X 100 pm 
were then made to the top GaAs layer. 

The relative photocoUection efficiency is shown in Fig, 2 
for the p -t in diode whose dimensions are shown in Fig, 1, 
The Fig. 2 data were taken at a temperature of 300 K and 
relative photocollection efficiencies are shown for various 
applied reverse bias. For our device dimensions, the absorp
tion of the light win shift from the n GaAs buffer layer to the 
top p+ GaAs layer as the wavelength decreases. From the 
Fig. 2 zero-bias photocollection efficiency one sees that the 
minority-carrier holes in the n GaAs buffer layer are not as 
efficiently collected as minority-carrier electrons in the p+ 
GaAs top layer. This suggests a larger band-gap discontin
uity in the valence band than in the r GaAs to X AlAs 
conduction band. As the wavelength of the light decreases 
past 500 om, the photocollection efficiency begins to de
crease, This decrease is due to surface recombination as 
more and more carriers are being generated near the surface. 
As the wavelength decreases below 420 nm, there is an initial 
increase in the photocoUection. This increase is due to direct 
band-to-band generation in the AlAs layer. Also seen in the 
Fig. 2 data is that as the p + in diode is reverse biased, the 
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FIG, 2. Relative photocollection efficiency for the p ~ ill GaAsl AIAs/GaAs 
photodiode (whose dimensions are shown in Fig, I) with external bias as a 
parameter. 
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FIG. 3. Relative photocollectiol1 efficiency for an n' ip GaAs/ A1As/GaAs 
photodiode. The top n 4 GaAs layer was 3000 A thick and the AlAs layer 
was 2800 Po. thick. 

collection of minority-carri.er holes in the n GaAs buffer lay
er increases relative to the minority-carrier electrons in the 
p+ GaAs top layeL 

A complementary device, n+ip GaAsl AIAs/GaAs di
ode, was also fabricated and its zero-bias relative photocol
lection efficiency is shown in Fig. 3. Again for this device the 
absorpti.on of the light will shift from the p GaAs buffer layer 
to the top n + GaAs layer as the wavelength decreases. From 
the Fig. 3 relative photocoHection efficiency one sees that 
minority-carrier holes in the top n + GaAs layer are not as 
efficiently collected as minority-carrier electrons in the p 
GaAs buffer layer which also suggests that the valence-band 
discontinuity is much larger than the conduction-band dis
continuity. (Note that the sharp decrease in photo collection 
efficiency for wavelengths shorter than 650 nm is not due to 
surface recombination which does not become significant 
unless A < 500 nm; the sharp decrease is due to poor photo
collection efficiency for holes. ) 

The photocol1ection efficiency at a wavelength of 800 
nrn for the p + in structure depicted in Fig. 1 is shown as a 
function of reverse bias in Fig. 4; the measurement was made 
at a temperature of 300 K. At 800 urn the depth required to 
absorb 90% of the light in our structure is 1.73 f1.m. 13 There
fore, at BOOnm a large portion of the light is absorbed in then 
GaAs buffer region. The data in Fig. 4 can be explained with 
the aid of Fig. 5. At zero bias there is a barrier to hales 
between the AlAs and n GaAs buffer region as shown in Fig. 
S (a). As the diode is reverse biased the barrier will decrease, 
increasing the photocollection efficiency. At a large enough 
bias the barrier will be removed, as shown in Fig. 5(b), and 
the photocollection efficiency will saturate. One would ex
pect that before the barrier is completely removed [as de
picted in Fig. 5 (b)] that the photocollection current would 
saturate when the holes are able to tunnel through the re
maining potential barrier. An analysis based on a numerical 
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FIG. 4. Relative photoco\lection efficiency at a wavelength of 800 nrn as a 
function of reverse bias of the p + in photodiode. 

technique for solving the Schrodinger equation 14 shows that 
this tunneling can lower the effective barrier by a maximum 
oflOmeV. 

In summary, we have measured the relative photocol
lection efficiency ofp + in and n +- ip GaAsl AIAs/GaAs pho
todiodes. The photoresponses can be explained based on the 
band di.scontinuity between AlAs and GaAs being mostly 
accommodated in the valence band. The effect of external 
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FIG. 5. Energy-band diagrams ofthep4 in GaAs/ AIAs/GaAs photodiode: 
(a) zero-bias condition; (b} biased to where the valence-band discontinuity 
is equal to the band bending in the PI GaAs buffer region. 
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bias on the photoresponse of the p+ in GaAsl A1As/GaAs 
diode was also reported. 

This work was supported by the Solar Energy Research 
Institute under subcontract XL-5-050 18-1 and the National 
Science Foundation under grant ECS-8544131. 
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