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Fig. 1. Schematic diagrams of AlGalnP-base LED epitaxial

structure.
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Fig. 2. Schematic diagrams of (a) conventional n-side-up AlGaInP LED structure and (b) n-AlGaInP contact LED.
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Table 1.  Grouping information of samples annealing and specific contact resistivity (p,) results.
pra=s Np/cm™ T/C Time/s pe/Q-cm? T Np/em3 T/C Time/s pe/S2-cm?
A 7 x 10'7 385 25 — C, 2 x 10 385 25 1.1 x 103
A, 7 x 10Y7 425 25 — Cy 2 x 108 425 25 9.4 x 101
Ay 7 x 10'7 445 25 — Cs 2 x 10'® 445 25 4.8 x 104
A, 7 x 10Y7 485 25 2.9 x 103 Cy 2 x 10 485 25 53 x 104
Aj 7 x 10'7 445 600 3.2 x 103 C; 2 x 10'® 445 600 2.8 x 104
Ag 7 x 10Y7 445 900 3.6 x 103 Ce 2 x 10 445 900 3.0 x 104
B, 1 x 1018 385 25 — D, 3 x 10 385 25 49 x 104
B, 1 x 10 425 25 — D, 3 x 108 425 25 4.0 x 104
B; 1 x 1018 445 25 3.5 x 103 Dy 3 x 10 445 25 3.3 x 104
B, 1 x 10 485 25 51 x 101 D, 3 x 10 485 25 4.1 x 10
B; 1 x 1018 445 600 4.6 x 104 Ds 3 x 10 445 600 14 x 104
Bg 1 x 10 445 900 54 x 104 Dg 3 x 10 445 900 1.9 x 104
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Fig. 3. I- Vbehaviors of Sample D5, ring intervals are 10— 35 um.
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Fig. 4. I- V behaviors of Sample A, B;, C; and D, after an-
nealing at 385 C for 25 s.
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Fig. 5. Contact resistivity as a function of doping concen-

tration for different annealing conditions.
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Fig. 6. SIMS depth profiles of Ni/Au/Ge/Ni/Au contact on n-(Aly;Gag 73)0.5In05P before annealing and after annealing.
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Fig. 7. At the same Np (a) p, as a function of annealing
temperature when the annealing time is 25 s; (b) p. as a

function of annealing temperature when the annealing tem-

perature is 445 °C.
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8  SEM WA AR SO BE T HE M ETIE A (a) 445 C
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Fig. 8. SEM micrographs showing the surface morphologies
of ohmic contact (a) 445 °C for 25 s (b) 485 C for 25 s.
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(Aly27Gags)osingsP BRI N 3 x 10 cm?,
B JGREEA 445 °C, 1B K 600 s Bf, Ni/Au/Ge/Ni/
Au 5 n-(Alyo7Gag 73)0 500 5P Eb 2 il B B 2R 3k 3]
1.4 x 104 Q-cm? IR KGIFEH, Ga, In SN HE
Ak B R =S 62, & &R Ge WY HS 46
Ga 23 In 25 (SO T ER AL 7. AR
RAIAEAET, TRl Ol B AN IE S a4 )
THYHHAT, REW] B SCEE Al RE. G B4k
WP g, DUIRIR K AR R REBEAT I
Wi . ASSCAE n-(Alg 27Gag 75)0.5I0 5P J2= E L il £
TRRIEHEfE, Fk T AlGaInP Wi LED 5 5 il %
T2 ABARSABAEAEAR I, AR Z A AE T3t i
n & AlGalnP 48 Z% ¥ B 23 5 Wi i 1A B &, S 3K
LED H) &R ERAR, Bk, b T RiB ek E
() n-AlGaInP #4RE F il 5 1 BB DC 5 1 MR 4 fi
DA R B9 2 SRR R T b PR F5 2240
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Study on the effect of thermal annealing process on ohmic
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Abstract

In this paper, Ni/Au/Ge/Ni/Au laminated metals were deposited on the n-(Alj;Gag73)0.5In9 5P by electron
beam evaporation, the ohmic contact with low contact resistance was successfully prepared by optimized
annealing process. The specific contact resistance reached 1.4 x 10* Q-cm? when annealed at 445 °C for 600 s.
The result of the secondary ion mass spectrometer shows that the solid-state reaction takes place at the
interface between the laminated metal Ni/Au/Ge/Ni/Au and n-AlGalnP, then the germanium atoms and
indium atoms diffuse outwards due to thermal decomposition and leave vacancies in the lattice. In this paper,
the reason for the formation of ohmic contact is attributed to the fact that the germanium vacancy and indium
vacancy are occupied by gallium atoms as donors to increasing the N-type doping concentration. The optimized
annealing process can improve the ohmic contact performance of n-(Al).;Gagrs)oslngsP with low doping
concentration, but the specific contact resistivity has no obvious relationship with the annealing process when
the of doping concentration of n-(Aly.;Gagrs)oslng 5P increased. The Schottky barrier is high at low doping
concentration of n-(Aly;Gag73)05Ing5P. So inter diffusion in the annealing process could significantly increase
the doping concentration of n-(Al).;Gagr3)o5In05P and reduce the Schottky barrier height. Nevertheless, the
Schottky barrier of the sample with high doping concentration is low enough what is not sensitive with inter
diffusion. It provides a new method for the preparation of N-electrode of AlGalnP thin film light-emitting-
diodes chip, as so as avoid the problem of n*-GaAs absorption in the conventional N-electrode preparation
method and the problem of electrode dropping. However, there are still some shortcomings in this paper. The
disadvantage is that the high doping concentration of n-AlGalnP will affect the crystal quality, which will
reduce the luminous efficiency of LED. Therefore, in order to prepare ohmic contact with excellent properties on
n-AlGalnP with lower doping concentration, optimizing the electrode design and the surface treatment of

semiconductor materials are the keys to follow-up research.

Keywords: AlGalnP, ohmic contact, annealing process, film chip
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