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Various ZnSe p-n Junction devices have been fabricated from n-type ZnSe by
implanting phosphorus ions at room temperature. Among them are electroluminescent
devices, switching and memory devices and backward diodes. Implantation at room
temperature was performed at TO to L0OO keV to a dose of approximately 101k £o 1026
ions/cm.2 ZnSe crystals doped with aluminum (10-1000 ppm) having the resistivity
values in the range 0.0l to 1 {i~ecm were used. By selecting conductivity of the
substrate materials and implantation dosage, and optimizing post-annealing con-
ditions such as temperature, duration and environment, the devices exhibiting
specific properties were readily reproduced.

The diodes exhibiting an excellent rectification characteristic with saturation
current of 1.3 x 10712 A were obtained. The sugstrate ZnSe samples having the
carrier conc ntratiogs in the range 1016 to 10t /cm3 were implanted to a dose
level of 101% to 1010 /em? at 70 to 40O keV and annealed for 10 minutes in an argon
atmosphere. The I-V characteristics obey the relation Ixexp(eV/nkT) with the value
of n as low as 1.3. The electrical breakdown in reverse bias at room temperature
occurs at about 34 V and the temperature coefficient of breakdown voltage is found
to be sbout 0.05 V/°C.

Good electroluminescent devices were obt%ined, in general, in the samples
having the carrier concentration of ~10%T /em?, which were implanted at L0 keV to
a dose level of 101 /em® and annealed at 500°C for 5 minutes in an argon atmos-
phere. The devices emit light in both forward and reverse directions. In the
forward direction, the diode has an electroluminescence spectrum closely similar to
the red photoluminescence spectrum, with a peak at 6300 % at 300°K. This is a
characteristic luminescence due to a phosphorus center in the _ZnSe. When biased in
the reverse direction, the diode emits light peaking at 5900 K, which is a self-
activated luminescence band arising from transitions between localized states of

a center consisting of a zine vacancy and the impurity.

Switching and memory effects were observed in the diodes when the samples
were annealed at 500°C_for 5 minutes in air. The samples having the carrier gon—
centration of sbout 1018 /em3 were implented at 90 keV to a dose level of 1016 /em2.
In the forward direction, the switching action tekes place from the high-impedance
state A at the threshold voltage of sbout 10 V to the low-impedance state B. The
device does not switch from the state B. The low-impedance state B has been main-
tained for one week at zerc bias and cen be reproduced until the diode is biased
in the reverse direction. In the reverse direction, the switching action takes
place from the low-impedance state C at the threshold voltage of about 4 to 10 V
to the high-impedence state D. The diode remains in the state D indefinitely.

Backvard diodes were obta%ned when a heavily doped sample (1000 ppm) was im-
planted to a dose level of 10l /cm2 at 90 keV and annealed at 600°C for 10 minutes
in an argon atmosphere. The I-V characteristic is that of the diode without nega-
tive resistance.

Figure Captions

- teristics
Fig. 1 Semi-log plot of de current-voltage charac
# of a phosphorus implanted ZnSe diode at room temperature
in the dark.
(a) as implanted and (b) after annealing at L50°C for
5 mins.

i i ted ZnSe
Fig. 2 1-V cheracteristics of a phosphorus implan
. diode measured in the dark at (a) 300°K and (b) 200"K.

Fig. 3 Electroluminescence spectra from a forward biased
phosphorus implanted ZnSe diode.

Fig. 4 I-V characteristic showing two switching states in a
phosphorus implanted ZnSe diode.

Fig. 5 I-V characteristic of backward phosphorus implanted ZnSe
diode.
~47=



104

EL-FORWARD BIAS
r CURRENT—-VOLTAGE ZnSe
L CHARACTERISTICS =
B ZnSe:P—ion
10_5_:_ | 10mA
[ - 8mA
0% E B
= B £ 6mA
(= L o
= L &
= 5
§|0'7 %
el w -
: £
L s 4mA
B 81
&
IO'a_:_" -
E 2m.
10-2 1 1 1 1 1 | |
3 5 6 T .8 b 5000 6000 = 8000
FORWARD VOLTAGL(V) WAVELENGTH(A)
Fig.1 Fig.3
EEB
E3 |
=
lov—=] je— (a) (b) =
= [ mem;imml
£ ] I TE
bl = T
'E FORWARD li g 2mA
L) e HH-HHHTHH
@ C — |=2v
S| | ]|reverss
[&] T .
— ()| (b) %ﬁ"“\ Fig.4
VOLTAGE(V) = =5V
Fig 2 E:
amy
= .
/ =
j Loma

-48-



