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Period & well width dependences of spin relaxation time of

GaAs/GaAsP strain-compensated superlattice as highly spin-polarized electron source
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Photocathodes of GaAs-related semiconductors with
negative electron affinity (NEA) surface are drawing much
attention for applications in accelerators and electron
microscopy.® Among them, a structure with 24 periods of
GaAs/GaAsP strain-compensated SL layers demonstrated
the high performance, a maximum spin-polarization of 92%
with a high quantum efficiency of 1.6 %.* Increasing the
number of SL periods is effective way for improving the
quantum efficiency. However, the spin polarization of the
electrons emitted from the SL layer decreases with increasing
layer thickness above 36 periods due to the spin relaxation
during electron transport.* Therefore, realizing long spin
relaxation time is essential for improving the quantum
efficiency. Previously, we reported the spin relaxation of 24
periods of GaAs/GaAsP strain-compensated SL whose well
width, Ly, are 4 nm, and barrier width, Ly, are 4 nm.® In this
study, we have measured the spin relaxation time of two
GaAs/GaAsP strain-compensated SL samples by time-
resolved pump and probe measurements.

The measured samples compose of 8-period-SL layers of
L,,= Ly = 6.3 nm or 90-period-SL layers of L,,= L, = 4.0 nm
with Zn dopant concentration of 1.5X 10'® cm?. After the
growth of a 600-nm-thick AlGaAsP buffer layer on GaP
substrate, SL layers were fabricated on them and coated with
a S5-nm-thick GaAs layer with highly Zn doping of
6X10Y cm?.

In the pump and probe measurements, spin-aligned
carriers were generated when the samples were irradiated
with a circularly polarized optical pulse.® We used a Ti-
sapphire laser as the optical source and tuned its wavelength
to near the photoluminescence peak. The time resolution of
this measurement system is about 200 fs, which was
evaluated from the time convolution of the optical pulses.

Figure 1 (a) shows the time evolution of spin polarization of
8-period-SL sample of L,, = 6.3 nm at room temperature. In
regard to the D’yakonov-Perel” (DP) process’, which is
considered as the candidate spin relaxation mechanism at
room temperature, the spin relaxation becomes slow as
increasing the well width. However, the measured spin
relaxation time of 109 ps is almost the same as that of 24-
period-SL sample of L,, = 4.0 nm shown in Fig.1 (b). This
result indicates that the spin relaxation cannot be explained
only by DP process.

Figure 2 (a) shows the time evolution of spin polarization
of 90-period-SL sample at 10 K. The measured spin
relaxation time of 234 ps is twice the spin relaxation time of
24-period-SL sample, which has the same well width and
barrier width as 90-period-SL sample, shown in Fig.2 (b).
This result indicates that the Bir-Aronov-Pikus process®,

which is considered as the candidate spin relaxation
mechanism at low temperature, becomes less effective for
90-period-SL sample.
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Fig.1 Time evolutions of spin polarization of
(a) 8-period-SL sample and (b) 24-period-SL sample at
RT for excitation power of 110 mW.
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Fig.2 Time evolutions of spin polarization of
(a) 90-period-SL sample and (b) 24-period-SL sample at
10 K for excitation power of 110 mW.
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