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ABSTRACT 
  

In this study Zinc diffusion through InGaAsP/InPepitaxial layers was investigated. Hetero-structure has been 
fabricated by Liquid Phase Epitaxial (LPE) method. Secondary ion mass spectrometry (SIMS) profiling was 
performed to determine the total atomic zinc concentration in the grown layers. Results revealed that the Zn 
doping profile has specific discontinuity at the hetero-junction in In GaAsP/InP hetero-structures. Comparing 
experimental diffusion profile with theoretical diffusion equation revealed good agreement between experiment 
and theory. Investigation results showed that zinc atoms diffused through interstitial-substitutional phenomena 
with double ionized zinc atom from substrate to neighbor doped InP layer and with single ionized zinc atom 
from doped In P layer to undoped In Padjacent layer. 
KEYWORD: InGaAsP/InP, SIMS,LPE, Zinc, Diffusion, single ionized, double ionized. 
 

1. INTRODUCTION 
 

Epitaxial layers of the III–V compound semiconductors InGaAsP/InP are vastly used for the 
manufacturing of optoelectronic devicesas the materials in wavelength of (1.0 µm < λ <1.7 µm ) region 
[1,2].Diffusion of Zn into InP, InGaAs or InGaAsP, Zn-doped InP epitaxial layers is an important technique for 
creating p-n junctions in optoelectronic devices. Most common p-type diffusants is zinc that is technologically 
crucial for III-V compound Semiconductors [3,4]Exact control of the doping in the p-type semiconductor layers 
is important for fabrication of optoelectronic structures. One of the biggest challenges associated with the use of 
zinc as a diffused dopant in InP is the control of diffusion, Because impurities in the heavily doped layer are 
automatically doped into the undoped or lightly doped layer, particularly in the case of the p-type impurities, Zn 
which have a higher vapor pressure causing to the contamination of the adjacent layers during the melt soaking 
period [5]. The higher diffusivity of Zn in the crystal also leads to diffusion of the dopants through the layer 
interfaces during or after epitaxial growth [6].  

The diffusion of Zn in semiconductors has been widely studied. It has been generally accepted that Zn 
diffusion occurs via aninterstitial-substitutional mechanism involving intrinsic point defects [7-9].An interstitial 
Zn atom diffuses quickly until it is trappedby a group III vacancy and thus incorporated as a substitutional Zn 
atom, which is much less mobile. The high diffusivity of Zninterstitials was confirmed by the observation of 
double diffusion front in InP [10,11].It is concluded that diffusion occurs by an interstitial-substitutional 
mechanism with the interstitial mode being dominant. The charge states of the various species involved in the 
diffusion are believed to be: (1) interstitial zinc atoms are doubly ionized donors; (2) substitutional zinc atoms 
are either neutral or singly ionized acceptors[12].Simulated profiles were created with solving of convection –
diffusion equation that has been resulted in error function and error function embodied the (m) parameter 
indicating the zinc ionized status [13]. 

푍푛 + 푉	 ↔ 푍푛 + (푚 + 1)ℎ               (1) 
Where 푍푛  is an interstitial donor with positive charge and 푍푛  is an acceptor, V is a vacancy in lattice 

of III crystal and h is a cavity. 
Most research at impurity diffusion in semiconductors focus on quantity of zinc diffused across the layers 

and semiconductors which was fabricated by metal-organic vapor phase epitaxy (MOVPE) or metal-organic 
chemical vapor deposition (MOCVD) methods[11,16,17,18]. In contrast with those studies, at this paper, 
semiconductor manufactured by LPE method and obtained profile from SIMS apparatus analyzed to determine 
the compatibility of diffusion theory with experiment.  

In this study the behavior of diffused Zn impurities in the InGaAsP/InP hetero-structure grown by LPE has 
been investigated using SIMS technique to determine concentration and distribution of Zn impurity and 
mechanism of diffusion. Although diffusion mechanism in semiconductor has been investigated by 
abovementioned researchers, but fitting the experimental diffusion profile with theoretical diffusion profile is an 
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innovation was used in this study. In other word this study performed In order to show the precise mechanism of 
Zinc diffusion in hetero-structure semiconductor to determine which mechanism is dominant in each adjacent 
layer, by realizing the behavior of Zinc diffusion through layers, controlling of quality and quantity of Zinc 
through various layers of semiconductor would be possible during manufacturing. 
  

2. EXPERIMENTAL 
     
     The test structure is a InGaAsP/ InP epitaxial structure schematically shown in Fig.1. This test structure was 
grown by the liquid phase epitaxy growth technique. The LPE-grown hetero-structure, on Zn doped InP 
substrate (C =1×1018cm-3) consists of four layers. The various layer and thicknesses are given in table 1. LPE 
growth was carried out by using a conventional sliding graphite boat with multi-melt bins. Method for LPE 
semiconductor growth discussed in [14]. In-depth SIMS analysis of the hetero-structures was performed with 
CAMECA IMS 6F instrument (Fig 2), in the Plasma Physics Research Center of science and research branch of 
Islamic Azad University. Samples under investigation were bombarded by Cs+ primary ions. The diffused Zn 
profiles were measured with secondary ion mass spectrometry (SIMS) using a Cs+ beam and detecting the 
CsZn+ cluster in a Cameca IMS-6F instrument [15] principle and procedure of SIMS analysis and various 
sections of SIMS apparatus was illustrated in[19].The detection of Zn atoms was carried out using ZnCs+ 
positive secondary ions, because it has a higher sensitivity (~1×1015 cm−3) than Zn.The impact energy of Cs+ 
ions were 5.5 KeV, and by this energy, Zn, In and P depth profiles, were obtained (Figure3). Figure 3 shows 
zinc numeration per second versus sput time through the various layers.  Also the depth was calibrated with 
measuring the craters depth which created by primary ion beam. By conversion and calibration of horizontal 
axis (sput time) of figure 3 to specimen depth and conversion of vertical axis (quantity of zinc/second) to 
concentration of zinc, profile of zinc concentration-depth can be obtained, Figure 4. 
 

Table 1:epilayers and thicknesses of specimen 
Layer Thickness 
Zn-doped InP ( p = 4 .5 × 1017 cm-3 ) d = 1 휇푚 
undoped InP d =2 휇푚 
undoped InGaAsP d = 0.3 휇푚 
undoped InGaAs d = 1	휇푚 

 

 
Fig.1 Schematic diagram of InGaAsP/InP test structure. 
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Fig.2 secondary ion mass spectrometry apparatus (SIMS) 

  
Fig.3zinc numeration per second versus sput time through the various layers 

  
2. RESULT AND DISCUSSION 

 
By considering Figure.4 It was found that the Zn doping profile has specific discontinuity at the hetero-

junction in InGaAsP/InP hetero-structures. As seen in Figure. 4, Zn concentration in substrate is (1 ×
10 	) and distributed uniformly in this layer. Obviously it can be seen that substrate thickness is 4 휇푚.zinc 
concentrations in first layer after substrate is about 6 × 10 푐푚  and uniformly distributed. Due to gradient of 
Zn concentration between this layer and substrate, diffusion from substrate to first layer occurs. In second layer 
after substrate or InP: 00 layer (1.3휇푚 < 푥 < 2.8휇푚), Zn concentration is about (1 × 10 	푐푚 ).In third 
layer; InGaAsP  (1휇푚 < 푥 < 1.3휇푚) and forth layer; InGaAs  (0 < 푥 < 1휇푚)	diffusion tends to zero in 
compare with calibrated substrate. The first peak in forth layer e.g. (푥 < 0.5	휇푚)is due to phenomena in SIMS 
analyzer apparatus that called artifact and can be neglected. 
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Fig.4zinc diffusion profiles; the zinc do-pant concentration versus diffusion depth   

If diffusion interface between substrate and first layer (3.3휇푚 < 푥 < 3.7휇푚) be magnified and be 
converted from logarithmic profile to linear profile, by fitting this profile with complementary error 
function(erfc) using of Math Lab software, it can be seen that two curve overlapped, Figure 5. In this section 
(m) parameter in error function is equal to 2, e.g. Zn ions diffuse as interstitial doubly ionized status 
(Zn++).Similarly as seen in Fig.4 A significant amount of zinc diffused through first to second layer; 
InP:00,1.3휇푚 < 푥 < 2.8휇푚. if section of profile between first and second layer (InP: Zn and Inp:00) be 
magnified and be shown in linear form, by fitting it with error function curve, good agreement between theory 
and experiment can be achieved, Figure 6.In this section (m) parameter in error function is equal to 1, e.g. Zn 
ions diffuse as interstitial single ionized format (Zn+).It can be seen that a good agreement is obtained between 
the experimental results and the Corresponding simulated profiles. Simulated profiles were created with solving 
of convection –diffusion equation that resulted the error function and error function embodied the (m) parameter 
indicating the zinc ionized status. 

      During analysis with SIMS, small craters appear on specimen surface due to sputtering beam impact on 
surface; Fig.7.as illustrated in Fig.7 crater is in uniform rectangular cubic shape. Scanning Probe Microscopy 
(SPM) was used to determine crater dimension. Figure.8 shows three dimensional view of a quarter part of 
crater with depth of 7.64휇푚.  
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Fig.5 overlapping of diffusion region between substrate and firs layer with error function  

 

 
Fig.6overlapping of diffusion region between first and firs second layer with error function  
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Fig.7 crater region  

 
Fig.8 quarter part of crater scanned byScanning probe microscopy (SPM)  
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