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Abstract:
The sensitivity of solid-state photodetectors is often limited by  
surface leakage current along the etched/cleaved side wall under 
reverse bias voltage, as shown in Figure 1 (a). A significant reduction 
in leakage current was recently reported for indium gallium arsenide 
nitride (InGaAsN), using epitaxial growth of an n-i-n structure, 
followed by spatially selective surface dopant type conversion 
during metal-organic chemical vapor deposition re-growth using 
dimethylzinc and diethylzinc [1-3]. The etched/cleaved surface is 
thus surrounded by the n-type layer and no longer under bias, as 
shown in Figure 1 (b). In this summer project, we proposed a novel ex 
situ zinc (Zn) diffusion approach to surface dopant type conversion 
of n-i-n diodes, using a commercially-available Zn-containing spin-
on-glass (SOG). We investigated the influence of annealing time on 
the diffusion of Zn into gallium arsenide (GaAs). Specifically, we 
used Hall measurements to investigate the active Zn concentration 
profiles as a function of annealing time and etch depth. This Zn-
SOG surface dopant type conversion approach will be used for the 
fabrication of low leakage InGaAsN based photodetectors, intended 
for operation in the 1.3 µm to 1.55 µm wavelength range [4,5]. 

Procedure:

For GaAs:Zn-SOG diffusion studies, the GaAs wafer surface 
was first conditioned by heating at 350°C to 400°C for a 
few minutes in air. Zincsilicafilm 306 was then coated on 
the wafer surface by spin coating at 3000 rpm for 1 minute. 
After spinning, the wafer was cured by heating in air for 
10-15 minutes at 100°C to 120°C [6]. Annealing was then 
carried out in a quartz furnace with N2 overflow, with a 
GaAs proximity cap to prevent As out-diffusion. Following 
annealing, the Zincsilicafilm was removed by etching 
in 10% HF, and the surface was examined in an optical 
microscope. To identify the optimal annealing conditions for 
photodetector fabrication, the GaAs:Zn-SOG samples were 
annealed at 850°C for various durations: 15, 20, 23, 30, and 
40 minutes. 

To characterize the active Zn concentration depth profile, 
each ~ 1 × 1 cm2 GaAs:Zn-SOG sample was cleaved into 
fourths, and one corner of each piece was then coated with 
photoresist as an etch stop. Following baking for 10 minutes at 
130°C, wet etching in H3PO4:H2O2:H2O (1:1:25) was carried 
out for 0, 38, 75, 113 s, resulting in depths of 0, 135 ± 1, 182 
±14, 325 ± 18 nm, as determined by Dektak profilometry. 

The etched pieces were then cut into ~ 4 × 4 mm2 pieces,  
and Hall and resistivity measurements were carried out at 
room temperature. 

Results and Analysis:
We assume that the active Zn concentration profile follows 
the so-called “finite source” Gaussian diffusion profile, as 
shown in Figure 2 (a), where x is the depth from the unetched 
surface, p0 is the carrier concentration at the unetched 

Figure 1: (a) p-i-n photodetector with 
sidewall leakage current, (b) selectively 

diffused n-i-n photodetector.

Figure 2: (a) “finite source” Gaussian profile assumed for Zn 
diffusion, (b) integration of the profile in (a) to fit the measured 
residual sheet carrier density as a function of etch depth.



M
a

t
e

r
ia

l
s

The  2009 NNIN REU Research Accomplishments	 page 69

surface, p(x) is the carrier concentration at depth x, and σ 
is the characteristic diffusion length. The experimentally 
obtained data cannot be directly fit to the Gaussian profile 
since the measured sheet carrier density is the total residual 
carrier density in the film. Therefore, the Gaussian profile 
was integrated to fit the measured residual sheet carrier 
density, ps(xs), as a function of etch depth, xs, as shown in 
Figure 2 (b). For each annealing time, p0 and σ were then 
obtained by fitting the measured data to the integrated 
Gaussian expression, as summarized in Figure 3. As shown 
in this table, annealing at 850°C for 15 min yields p (200 nm)  
~ 9 × 1019 cm-3, which is more than double the n-type dopant 
concentration in the top of the GaAs photodetector structure 
(5 × 1018 cm-3), and therefore is sufficient to convert the top 
layer to p+. Figure 4 shows the best fit Gaussian curve for all 
of the annealing times, which indicates that as the annealing 
duration is increased, σ increases and p0 decreases. 

Since a localized active Zn profile is needed to limit the 
thickness of the i-layer which is converted to p-type, 850°C 
for 15 min is identified as the optimal annealing condition for 
the purpose of photodetector fabrication via surface dopant 
type conversion of n-i-n diodes. 

Conclusions:
We proposed a novel ex situ Zn diffusion approach to surface 
dopant type conversion of n-i-n diodes, using a commercially 
available Zn-SOG. We characterized the Zn diffusion profile 
for GaAs:Zn-SOG samples and concluded that the 15 minute 
annealing time produces the optimum profile of electrically 
active Zn. In the future, this approach will be used to reduce 
leakage currents in InGaAsN-based photodetectors. 
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Figure 3: Summarizing Carrier concentrations at the unetched surface, p0, and 
characteristic diffusion lengths, σ, for samples with various annealing times. 

Figure 4: Carrier concentration, n vs. etch depth, x.




