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Report:

In order to extend light emission IllI-V semicondust on Si for very large scale and low cost integna the
growth of GaP and related ternary and quaternaaASBEN) materials lattice matched to Si are studied.

The best optical properties can be obtained witR @a starting layer on Si. But, the structural props of
this interface are of primary importance and is itiean motivation of the present project. Severpkgyof
defects are observed on IlI-V growth on IV monatthubstrates: point defects, misfit dislocaticarstphase
boundaries (APB) microtwin (MT) and stacking faulSF). These defects are detrimental for optical
properties and must be eliminated or at least nedfinear the Si interface [1,2]. Amongst them, AdPiE

MT are difficult to avoid and are our main concémnthis work since XRD has been proved to be a very
efficicent tool for characterization of such pladafects [3-6].

A first experiment on D2AM has been carried outeraber 2011, showing the advantage of using a Bibge
low noise pixel detector for detection of both MfdaAPD [7]. In this new experiment, 6 samples of
GaP(45nm)/ Si have been studied in 12 shifts. Tiferences between the samples are at the level of
prelayer, miscut, and buffer of silicon; layer hdeen grown on 6° miscut substrate and with silicofier
unless mentionned: S1: Ga prelayer without buffesilecon, S2: Ga prelayer with buffer but withautscut,

S3: Ga prelayer, S4: Al prelayer, S5 Sb prelayérPJrelayer. The large 2D detector XPAD 3 hasibee
used for fast data acquisition. For each samplapsot images centered on (002), (004), (006) GaP
reflections and (002) micro-twins reflections fom2imuths (azimutlp=0°, ie the column direction of the
detector is parallel to [1 -10], opposite the s¢elge direction; azimuthp=90°, ie the columns direction is
almost parallel to [110]) have been performedpAcific broadening of the weak reflections (002) &06)

can be directly imaged for only 30 secondes exgsag shown in Fig.1.

Transverse scan cutlines extracted from the (002) @06) GaP reflections images along the columns
direction have been analyzed to evaluate the aaggldomaine. A PsdVoigt function is used to fitpgheafile

in order to obtain the integral breadth (IB), a®wh in Fig.3. For transverse scans, two braodening
mechanisms have to be considered: the in-planeelation length and the mosaicity tilt. The two
contributions are extracted from IB by using thelldson-Hall-like method. From these analysis, the



mosaicity tilt is from 0.6° to 1.5°, and the coatébn length from 28nm to 60nm. These results #ferdnt
from previous samples grown on 4° miscut and maghbroughly interpreted.
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Fig. 1. a) 2D image using XPAD3 D2AM detector of sample 2 on (002) GaP reflection for ¢=0° Exposure time is 30
secondes. b) The corresponding cutline in the transverse column direction of the image.

Different microtwins (MT) variants are also detetsnd quantified (relative density, correlationgtrs) for
the 6 samples using 4 MT reflections depicted settieadly on fig. N. The goniometer angles are seted
order to get one of the reflection type describgdjf and 11 Xpad exposures of 30 seconds are takstep
of 0.25° in eta. An original integration methods leeen developped using a rectangular ROI inclaiedg

the MT streak axisThe relative intensity of MT reveals an important anisotropy for miscut surfaces, that is
not present for the nominal one. The use of silicon buffer also allowed to reduce the osberved MT density
and beyond this, the use of a Al prelayer also allowed a MT density limitation.
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Fig. 2 MT reflections reflections recording around (002) GaP reflection for Sample 1 (grown on Si(001) 6°miscut
without buffer).

Observation of micromosaic and correlation lengthtgbutions to broadening of transverse scans baea
performed along 2 directions of the surface. Arsaimopic effect has been demonstrated. An original
integration method has been developed for exteMiedeflections. This allowed a clear demonstraidn
anisotropy MT ratio for growth on miscut surfacAkprelayer also exhibits lower MT denssity. Based
this result we propose to study optimized AlP layer
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Justification and comments about the use of beam time (5 lines max.):

12 shifts combined with the use of an efficient@®ector allowed us to study 6 samples grown undeous conditions.
The use of synchrotron is here very important fetedtion of low density nanodefects.

Publication(s):

- 1 paper in preparation from this experiement, 1 paper published from the previous one [7] + several conf.
contributions



