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Majority- and minority-carrier traps in Te-doped AllnP
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The properties of deep levels found in Te-doped AllnP grown by metal—organic chemical vapor
deposition have been studied. By usimigjunction structure, both minority- and majority-carrier
traps can be observed. Two deep levels are found in Te-doped AllnP: one majority-carrier trap and
one minority-carrier trap. The activation energies of majority- and minority-carrier traps are
0.24+0.05 and 0.2%0.03 eV, respectively. The majority-carrier trap is uniformly distributed,
indicating that this level belongs to some kind of bulk defect. 1899 American Institute of
Physics[S0003-695099)05202-X]

(Al;_,Ga) 5Ny 5P alloys, lattice matched to GaAs sub- n*-GaAs substrate. The quality of the AlInP layer had been
strates, have been widely used in visible light-emitting lase€xamined by x-ray diffraction and the mismatch of the AlinP
diodes (LDs) and high-efficiency light-emitting diodes layer is around 559.2 ppm. Generally, the mismatch of the
(LEDs).}* As is well known, deep levels in these optoe|ec-material used for LDs and LEDs is said to be confined within
tron devices significantly reduce the efficiency. Thereforethe range from O to 1000 ppm. Alternately, the above doping
investigation of the deep levels in AlGalnP materials is im-concentration is determined bg—-V measurements and
portant. The deep levels in Si-, Zn-, and Se-doped AlGainmearly uniform doping distribution profiles are obtained.
have been widely investigatéd® but information on the Ge/Au and Ti/Pt/Au, prepared by E-gun evaporation, were
deep levels in Te-doped AlInP is very limited. Te-dopedused as the Ohmic contact metal on thype AlinP and the
AlinP has been conventionally used msype cladding lay- P-type GaAs, respectively.
ers in LDs and LEDs. In addition, the quality of cladding ~ The DLTS measurements are based on altering the
layers heavily influences device performance. In order to elSPace-charge region to investigate the properties of deep lev-
evate device performance, it is desirable to study the deeflS- First, a steady-state reverse bias is applied topthe
levels in Te-doped AllnP. Deep-level transient spectroscopytnction to establish a space-charge region. Because the dop-
(DLTS)® and capacitance—voltag€—V) measurements are NG concentration of Mg-doped AllInP markedly e>_<ceed§ tha}t
employed to characterize deep levels and doping concentr&f Te-doped AllnP, most of the space-charge region exists in
tions, respectively, in the present experiments. The Schottky€-doped AllnP. A carrier injection pulse toward zero bias
diode structure is frequently used in DLTS measurementi1€n momentarily decreases the space-charge region width,
owing to its relative ease of sample preparation, but thignaking the majority carriers available for capture by deep
structure can only measure the majority-carrier traps. Howl€Vels. On the other hand, if a carrier injection pulse exceeds
ever, the minority-carrier traps may play a more importantthe zero t_nas, minority carrlers_are_lnjecte_d from Mg—doped
role in the operation of LDs and LEDs. Therefore, the AlInP. This behawo_r makes minority carriers available for
junction structure is adopted in this study, because such §2Pturé by traps. Figure 1 shows a typical DLTS spectrum

structure allows us to observe both minority- and majority-oPtained from Te-doped AlinP under a no-minority-carrier-

carrier traps. The aim of our study is to obtain a characteriniection condition. This situation implies that the carrier in-

ization of the deep levels, both minority-carrier traps and®Ction pulse does not exceed the zero bias. Therefore, only
majority-carrier traps, present in Te-doped AllnP. majorm_/ carriers exist and can _be captured by Qeep_ levels.
The samples investigated herein are prepared b ccording to Fig. 1, one majority-carrier trap exists in the

organic—metal vapor phase epita(MVPE) in an Aixtron LTS spectrum. The emissior_1 activati(_)n enefgy of this
200/4 system. The growth temperature is 760 °C, the V“”Ievel deduced from the Arrhenius plots is 0:23.05 eV and

i i 3
mole ratio is approximately 160, the total pressure is 20(}h(973""\ler"’1§’e deep—leyel conce_ntratlon_ is around .101
mbar, and the growth rate is Zm/h. Trimethyindium cm™>. In order to obtain further information about this deep

(TMIn), trimethylgallium (TMGa), trimethyaluminum level, measuring the spatial distribution of defects is neces-

(TMAI), and phosphin (P§) are used as the source materi- sary. The.ca.rrier injection pulse heigitis increased from
als. Diethyltelluride(DETe) and biscyclopentadienymag- the origin in mcrementsé\{) of 0'5. or1Vand then. a sernes
nesium (CpMg) are used fon- and p-type doping, respec- of DLTS measurements is o_btglned. The equation used to
tively. A 2 um Te-doped AlINP i=6x 101 cm-J) layer, ~ Calculate the distribution profile 1

followed by a 1 wm Mg-doped AllnP p=2x10"

cm 3)layer and 0.1um Mg-doped GaAs f§=1.5x10'° S(ACIC)=(e/qW?n)[N1(x.)/n]éV,

cm3) layer were successively grown on thE00)-oriented

whereNj7 is the defect concentratiodC is the initial height
dElectronic mail: u84212803@cc.nctu.edu.tw of the capacitance transiefii,is the steady-state capacitance,
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FIG. 3. DLTS spectrum obtained from Te-doped AlInP under the minority-

FIG. 1. DLTS spectrum obtained from Te-doped AlInP under the no-carrier-injection condition. Both minority and majority carriers exist in the
minority-carrier-injection condition. Only majority carriers exist in the ma- material.
terial.

. . . _ _ that Te-doped AlInP contains at least two traps. Comparing
Vis applied pulse height is the net donor concentratioW!  Fig. 1 with Fig. 3 reveals that both peaks are located near
is the steady-state depletion width, while the DLTS active195 K. Because both minority and majority carriers exist in
layer width is given by the material under the minority-carrier-injection condition,

X.=W—\=W-[2e(Ef—E7)/ng]¥2, we thir]k that Fig.'3 should be compo;eq of twq deep levels:

one minority-carrier trap and one majority-carrier trap. The

W=Ae/C, minority-carrier trap, not having been processed previously,

whereEg is the Fermi level andE+ is the trap energy level. Egg:j?tsiot:eé;art)ﬁ;ngtﬁg?vrgnzs ttr?ee nT;ngrri':y:g:rrrri'grr';p;eC“?Q_
\ is the distance between the edge of depletion layer and thé ; ' jorty bp

point where the Fermi level crosses the trap level. Figure fged§ with the trapping qct|v!ty reggrdless of m!nqr|ty—carr|er
o ) ; - o 2" ‘Injection or not. Both minority-carrier and majority-carrier
shows the majority-carrier trap concentration distribution in

i . ) o . . traps compose the peak profile in Fig. 3. To confirm our
Te-doped AllnP. Obviously, this majority-carrier trap is uni assumption, the data in the Fig. 1 data are subtracted from

formly distributed. From this aspect, this majority-carrierdata of Fig. 3 to obtain Fig. 4. According to the DLTS curve
trap should belong to some kind of bulk defect, not interfaceﬁtting theo.ry the peak iﬁ F.ig 4 is verified as a single

defects._ . L . minority-carrier trap and this result confirms the credibility
Besides measuring under the no-minority-carrier- . - o
L - o ; of our assumption. The emission activation enekgyand
injection conditions, we can also obtain information of . . .
the average deep-level concentration of this minority-carrier

minority-carrier traps in the material under a minority- trap are 0.25:0.03 eV and K101 cmS, respectively. The

carrier-injection condition, the carrier injection pulse exceed- L o .
values of the activation energy of minority- and majority-

ing zero bias condition. Figure 3 shows a typical DLTS SPEC arrier traps again verify that the behaviors of trapping mi-

trum under the minority-carrier-injection condition. One " . S . .
nority and majority carriers are not attributed to merely one

peak also appears in Fig. 3. However, the peak in Fig. 3 doe i
not coincide with the DLTS theory curve, indicating that the 3eep level. Because the energy gap of AllnP at room tem

peak is not composed of only one trap. Thus, we can infePera’[ure is around 2.3 eV, the values of the activation energy
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FIG. 2. The distribution profile of majority-carrier traps in Te-doped AllnP. FIG. 4. DLTS spectrum obtained from the combination of Figs. 1 and 4.
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of minority- and majority-carrier traps are so much smallerstructure, both minority- and majority-carrier traps can be
than the value of the energy gap. If the trapping behavior i®bserved. According to our results, two deep levels are found
merely due to one deep level, it should be a recombinatioin Te-doped AlInP: one minority-carrier trap and one
center, not a trapping center. However, an effective recommajority-carrier trap. The majority-carrier trap has been veri-
bination center is normally located near the midgap of thdied as a uniform distribution in AllnP and its activation
band gap, not the band edge. Comparing our results witenergy is small. Compared with previous studies, we can
previous studies in Si-, Zn-, and Se-doped AlInP revealdnfer that the majority-carrier trap originates from Te-related
some similar characteristics. Most previous studies, includdefects. The origin of the minority-carrier trap still remains
ing Si- and Zn-doped AlInP research, simply found oneunclear. Further work is necessary to determine the structure
majority-carrier trap and the defects are verified as uniformlyof the deep levels obtained in Te-doped AlInP.
distributed. Besides, the activation energies of the defects, )
which are 0.48 and 0.42 eV in Si- and Zn-doped AllnP, are _ 1his study was supported by NSC under Contract No.
small. In spite of the two majority-carrier traps found in Se-NSC88-2218-E-009.
doped AlInP, one of these two defects also presents uni-
formly distributed and small activation energy, 0.29 eV.
From the above discussion, we believe that the majority-lH- C.. Casey, Jr. and M. B. PanisHeterostructure Lasers, Part BAca-

. . demic, New York, 1978
carrier trap found in Te-doped AlInP should be the samezy Ishikawa, Y. Ohba, H. Sugawara, M. Yamamoto, and T. Nakanisi,
kind of the defect as in previous studies. Because all the appl. Phys. Lett48, 207 (1986.
majority-carrier traps found in Si- and Zn-doped AllnP, and jH- Asahi, Y. Kawamura, and H. Nagai, J. Appl. Ph§g, 6958(1983.
some majority-carrier traps in Se-doped AllInP have been H'gg‘];ga""ara' M. Ishikawa, and G. Hatakoshi, Appl. Phys. 151010
verified as dopant-related deep levels, we can further infeky s, uki, M. ishikawa, K. Itaya, Y. Nishikawa, G. Hatakoshi, Y.
that the majority-carrier trap obtained in Te-doped AlINP is Kokubun, J. Nishizawa, and Y. Oyama, J. Cryst. Grodis, 498(1991).
also a dopant-related deep level. However, direct evidence i§M- O. Watanabe and Y. Ohba, J. Appl. Phg§, 1032(1986.
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