Active and Passive Elec. Comp., 2002, Vol. 25, pp. 233-237 Taylor & Francis

Taylor & Francis Group

EXPERIMENTAL STUDIES Of NEW GaAs
METAL/INSULATOR/p-n* SWITCHES USING LOW
TEMPERATURE OXIDE
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First observation of switching behavior is reported in GaAs metal-insulator-p-n™ structure, where the thin insulator is
grown at low temperature by a liquid phase chemical-enhanced oxide (LPECO) with a thickness of 100A. A
significant S-shaped negative differential resistance (NDR) is shown to occur that originates from the regenerative
feedback in a tunnel metal/insulator/semiconductor (MIS) interface and p-n* junction. The influence of epitaxial
doping concentration on the switching and holding voltages is investigated. The switching voltages are found to
be decreased when increasing the epitaxial doping concentration, while the holding voltages are almost kept
constant. A high turn-off/turn-on resistance ratio up to 10° has been obtained.
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1 INTRODUCTION

NDR switching behaviors have been observed in metal-insulator-n-p* or metal-insulator-
p-n" structures [1,2] and a theory has been published [3,4] which attributes this switching
property to either by deep-depletion region extending to the p-n* region (punch-through
mode) or by avalanching in the p-n™ region (avalanche mode). The presence of NDR char-
acteristics plays a predominant role on the fabrication of high speed shift register [5], gas
detector [6] and logic circuit [7].

Over the past years, effects have been made in pursuit of growing high quality, stable and
low temperature GaAs oxide for metal/oxide/semiconductor (MOS) device applications,
such as using condensed gases [8], laser beams [9], optical illumination [10], electric potential
[11] or excited plasma [12]. However, these chemical reaction methods make the oxidation
process become more complicated. In this work, we propose the LPECO [13] process to
grow oxide in the GaAs MIS switch (MISS) at low temperature. In addition, to examine the
effect of the doping concentration of the epitaxial layer on the switching and holding
voltages, four different wafers are grown and investigated. From experimental results, the
superiority of LPECO method demonstrates the ease of oxidation over conventional technique
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and the high performance of oxide film quality. Due to the idea of using LPCEO, a conceptual
understanding of such a set of results would enhance our understanding of the physics of MIS
switching devices and oxide-based I1I-V semiconductor [14] devices in general.

2 EXPERIMENTAL

The studied GaAs MIS switching device was grown by AIXTRON 2400 metalorganic che-
mical vapor deposition (MOCVD) system on a (100)-oriented n*-GaAs substrate. Trimethyl-
gallium (TMGa) and tertiarybutylarsenic (TBAs) were used as GaAs sources. The epilayers
consisted of a 0.1 pm-thick n*-GaAs (n =35 x 10"®cm ™) buffer and a 0.5 pm-thick p-GaAs
as shown in Figure I(a). There were four different p-type doping levels, 5 x 10'"°cm ™2,
8x10"cm™> 1x10"7cem > and 4 x 10'7 cm™2, were used as parameters to investigate
the doping effects on the variations of electrical properties. The epitaxial doping concentra-
tions and thicknesses were measured by the electrical capacitance-voltage (ECV) instrument.
The dopants used for the n and p layers were disilance (SiHg) and dimethylzinc (DMZn),
respectively. After the epitaxial growth, the structure was isolated by using H,SO,4:8H,0,:
100H,O etching solution as shown in Figure 1(a). Au/Ge was deposited by evaporation
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FIGURE 1 The process flow diagrams of the GaAs MISS by LPECO technique (a) mesa etching; (b) cathode
ohmic contact; (c) low temperature oxidation; (d) anode schottky metal.
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for the cathode ohmic contact as shown in Figure 1(b). Then, the GaAs wafer was only
immersed into the gallium-ion-contained nitric acid solution to form the thin oxide on
GaAs surface and side-wall oxide as shown in Figure 1(c). At an oxidation temperature of
40°C for 30 minutes, the thickness of the oxide film on p layer is about 100A. Finally, an
Al non-alloyed contact deposition and lift-off process was employed to develop the anode
contact as shown in Figure 1(d). The anode size is 20 um x 20 um. The DC current—voltage
(I=V) characteristics of the studied device were measured at room temperature by a Tektronix
370A curve tracer and an HP 4145B parameter analyzer.

3 RESULTS AND DISCUSSION

The regenerative feedback of bi-stable MISS devices is dependent on the pn™ junction and a
MIS diode.[3, 4] When biasing the anode (A) positively to the cathode (K), no inversion is
formed at insulator interface and a deep depletion occurs. This is the high impedance “off”
state. In this case, the thin insulator just allows a small leakage current across the MISS
device. If the applied voltage (Vak) is increased further, an injection current due to the elec-
tron minority carriers appears at the metal semiconductor (MS) interface, which the insulator
can not allow to go through and accumulates at the interface. The accumulated electrons
across the oxide cause a flow of holes in the other direction. These holes flow across the
pn™ junction and induce a further flow of electrons from n™ to the oxide. Finally, a charged
inversion layer forms and the wide depletion layer collapses. This is the low impedance “on”
state. The voltage across the device is drastically reduced and the final holding voltage (Vy)
is almost due to the voltage drop in the p-n™ junction and metal-insulator interface.

Figure 2(a) and (b) show the experimental I-V curves, measured by a Tektronix 370A
curve tracer, of the LPCEO-grown MISS with p-type doping concentration of
5x%10"%cm™> and 8 x 10" cm™* at 300K. As we expected, once the applied voltage
(Vax) is not so large, the conducting current is too small to be evaluated. If the Vax voltage
is increased to the value of Vg, an interesting S-shaped NDR performance is observed in the
I-V characteristic. The corresponding Vg and Vi are 16.5 Vand 1.7 V shown in Figure 2(a)
for p-type doping concentration of 5 x 10'®cm™?, while the corresponding values shown in
Figure 2(b) for doping concentration of 8 x 10'®cm™ are 13.0V and 1.7V, respectively
Experimental holding voltages, Vy, are almost kept 1.7 V in the final on state. For example,
a significant voltage control ratio («) Vs/Vy of 9.7 has been obtained in Figure 2(a) and may
have good potential for switching applications. The Vg, Vi and o at the four different con-
centrations of each wafer are measured, and the results are shown in Figure 3. It is observed
that the Vg decreases with increasing N, and that the trend of Vg is in agreement with the
avalanche mode [3] in relatively high doping epilayers. Typical loglak against Vi charac-
teristics for the MISS also have been measured by a computer-controlled HP 4145B. The
dynamic resistance, r, is defined as

r = nKT/qlax

where n=(q/KT)(dVak/dInJak).

Consequently, the typical dynamic turn-on and turn-off resistances are 20 Q2 and 2M Q,
respectively. Compared to the conventional MIS structures, the LPCEO method [14] exhibits
not only the ease and low temperature of growing GaAs oxide but also the passivation of
insulated side-wall oxide at the same time.
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FIGURE 2 The typical I~V characteristics of the GaAs MISS with different epitaxial doping concentrations of
(@) Na=5x10""cm > (b) NA =8 x 10" cm 2.
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FIGURE 3 The switching voltages, holding voltages and voltage control ratios as a function of epitaxial doping
concentrations. The switching voltages and voltage control ratios decrease with increasing doping concentrations.

4 CONCLUSIONS

We have investigated the electrical properties of GaAs Al/insulator/p-n* MIS switches pre-
pared by MOCVD with an LPCEO-grown low temperature (40 °C) oxide as the insulator for
the first time. The switching voltages, holding voltages and voltage control ratios at four dif-
ferent epitaxial doping levels are measured. It is observed that the switching voltages and
voltage control ratios decrease with increasing doping concentration, while the holding
voltages keep constant. The LPCEO method can provide a reliable oxide and reduce the
lithography process in oxide-based I1I-V semiconductor devices. High on/off voltage control
ratio of 9.7 and resistance ratio of 10° also have been obtained. These imply that the
SCR-like switch has good immunity from environmental noise and may offer considerable
potential in MOS compatible circuit and switching oscillation applications.
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