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Abstract: The n-type GaAs substrates are used and their conductive type is changed to p~type by tunnel junction for
AlGalnP light emitting diodes(TJ-LED) . then n+type GaP layer is used as current spreading layer. Because resistiv—
ity of the ntype GaP is lower than that of p-type, the effect of current spreading layer is enhanced and the light ex-
traction efficiency is increased by the n-type GaP current spreading layer. For TJ-LED with 3um n-type GaP cur—

rent spreading layer, experimental results show that compared with conventional LED with p+type GaP current

spreading layer, light output power is increased for 50% at 20mA and for 66.7% at 100mA.
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1 Introduction

High-brightness visible light emitting diodes
(LEDs) are becoming increasingly important and
have numerous applications, such as in the field of
optical automobile

display, traffic signal and

2 . . . - .
* with different aluminum composition. T he

Iamp“'
quaternary AlGalnP alloys, which can be precisely
lattice-matched to GaAs substrate, have a direct
bandgap ranged from 1. 88 to 2.30eV'". Mass pro—
duction of AlGalnP high-brightness LEDs has been
realized by using multi-wafers metal organic-chem-
ical vapor deposition (MOCVD) system. One prob-
lem of the AlGalnP LEDs is the restriction of light
extraction efficiency caused by light absorption of
top anode because current injection concentrates
under anode. Many methods were considered to re-
duce the current injection under anode, such as

thick current spreading layer'”’, transparent an-
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ode'” and reverse biased pn junction current block—
ing layer or native oxide AlAs current blocking
layer'™®. But these methods lead to higher cost or
make fabrication process more difficult. Another
way is using n-type GaP or AlGaAs as current
spreading layer with p-type GaAs substrate be-
cause n-iype GaP or AlGaAs current spreading
layer’s conductivity is better than that of p-type.
But p-type GaAs substrate has several disadvan-
tages listed below.

(1) Doping level of low resistivity substrate is
very high, for example: 1 X 10”em™ *. Conventional
dopant is Zn, then diffusion of Zn during the epi-
taxy will destroy the heterostructure interface, es—
pecially for quantum well structure. Reducing its
doping level will increase the serial resistance of
device.

(2) Quality of commercial ptype GaAs sub-
strate is not as good as n-ype GaAs substrate.

(3) Price is higher than n-type substrate.
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Semiconductor tunnel junctions have been
widely researched'” and used in semiconductor de—
vices'®” . In this article n* * -GaAs/p" " -GaAs tun-
nel junction was grown on n-GaAs substrate. Then
p-type (Alo7Gaos)osInosP can be used on the p™~
GaAs layer for lower current confinement layer. So
the original ntype GaAs substrate worked as p-
type substrate. In sequence n-GaP current spread-
ing layer could be used on the top of the p-i—n dou-
ble heterojunction active layer to enhance the effect
of current spreading. The tunnel junction was re—
versely biased and worked as a resistance when the
p-i-n double heterojunction active layer was for-

wardly biased.

2 Structure of device

For the sake of comparing the difference be-
tween the effect of ntype current spreading layer
and p-type current spreading layer, we use simple
double heterojunction (DH) active layer and GaP
current spreading layer with same thickness for
both TJ-.ED and conventional LED.

The schematic cross sectional structure of TJ-
LED is shown in Fig. 1. The epilayers were grown
by MOCVD on n-GaAs substrate. In sequence the

Aw/Ge/Ni anode
n-GaP current spreading layer(3jsm)

n-{Alo‘.{GaM}Mlnnsl’ confinement layer(1um)
___  i-AlGalnP active layer(0.5pm)

Al G In. .P corfinement layer(1j.m)
_F"-L_;’}“{_"—“{rc.mwwlsmrrm junction

‘n-GaAs buffer
n-GaAs Substrate
AuGeNi cathode

Fig. 1
GalnP LED

Schematic structure of tunnel junction Al-

device consists of 0. 2um n-GaAs buffer layer.n””
GaAs(20nm)/p" " GaAs ( 15nm) tunneling junc—
tion, DH structure with lpm p~ Ale.7Gao.3)0.5Ino sP
lower confinement layer, 0. 5um iH Al:Gai-«)o.s-
Ino sP light emitting layer and lpm n~ Alo.7Gao.3) 0.5~

[no.s P upper confinement layer, and 3pum n-type

GaP current spreading layer. T he traditional LEDs
were also fabricated with same DH structure and
p-iype GaP current spreading layer, but without

tunnel junction.

3 Material growth and device fabri-
cation

AlGalnP materials were grown on GaAs sub-—
strate with orientation (001) toward (111) A off
15° by AXITRON AIX 200 MOCVD system. TM -
Ga, TMAL and TMIn were used as group Il ele-
ments precursors. PHs and AsH: were used as
group V elements precursors. For AlGalnP materi-
al growth, the ratio of V/IIl was 100. DEZn and
SiHs were used as dopants sources for ptype and
n-ivpe, respectivelv. The growth temperature of
epilayer was 700~ 750°C. The total flow rate of hy-
drogen was 7 L/min.

For GaAs tunnel junction, Si was used as the
n-type dopant with doping level reaching 5% 10"
em . and C was used as p-type dopant with doping
level of 1X10”cm”™*. ntype GaP current spreading
layers were doped with Si. The doping level
reached 2X 10"em™ . p-type GaP current spreading
layers were doped with Zn. The doping level
reached 4X10"em ™. The resistivities of GaP cur—
rent spreading layers were 0.02Q * em and 0. 05
Q *cm for n4ype and p-type respectively ( Hall
measurement results) .

Au/Zn/Au was

d’lUU,um round top anode was formed by lithogra—

used as p-type contacts.
phy. AuGeNi was used as n-type contacts. The
wafer was sawn to square dices of 300um X 300um

bounded on copper heat sinks for measurement.

4 Device properties and discussion

Light output power and operation voltage of
the two kinds of LED were measured by HT semi-
conductor laser measurement system, which was
calibrated at the visible light region. Figure 2

shows the results of measurement. The output
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light power of TJ-LED reached 0. 42mW at 20mA,
which is increased for 50% more than that of LED
without tunnel junction. And at 100mA the output
light power of TJ-LED reached 2. 0mW increased
for 66. 7%. It can be seen from Fig. 2 that the de-
vice saturation current with n-type GaP current

spreading layer was increased. Because the injection
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current of LED with p4ype current spreading layer
will erowd under the top anode, the injection cur-
rent will create more heat, and current crowding
under anode increases the light emitting region car—
rier injection level which will cause more carriers

leak from light emitting layer to confinement lay-

er.
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Fig. 2 Output power and operation voltage versus injection current of the AlGalnP

620nm LED without (a) and with tunnel junction(b)

Figure 2 also shows that the operating voltage
of the TJ-LED is slightly higher than that of LED
without tunnel junction at the same injection cur—
rent. This is caused by two factors, the tunnel junc-
tion reverse operation voltage, and the n-type GaP
ohmic contact resistance. Because n-ype GaP
doped with Si can not reach very high doping level,
the top n-type ohmic contact resistance is larger
than that of heavily doped p-type GaP ohmic con-
tact. But the operating voltage of TJLED is
around 2.4V at 20mA. This is acceptable for prac-

tical application.

5 Conclusion

Tunnel junction AlGalnP light emitting diodes
(TJ-LED) with n4ype GaAs substrate and n-ype
GaP current spreading layer were successfully fab-
ricated. The effect of current spreading layer was
enhanced and the light extraction efficiency was in-

creased by n-type GaP current spreading layer. For

TJ4.EDs with 3um n+ype GaP current spreading
layer, experimental results show that the light out-
put power was increased for 50% at 20mA and for
66.7% at 100mA of conventional LED with p+ype
GaP current spreading layer.
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