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Abstract A study of the effects on power consumption exhibited by multiple-gated layout
pseudomorphic HEMTs device is presented here. This study required that the DC parameter extraction
to be carried out on the p-HEMT device with a specific number of gate layouts. From the I-V
measurement, it was found that the p-HEMT that applied six gated layout can reduce 75% of power
consumption as compared to two gated layout in producing the same amount of /. This result proved
that the p-HEMT device with higher number of gates consumes less power. The consequences of this
lead to the reduction of device power consumption without sacrifying the device performance.

Introduction

The demand on the higher performance analog RF transistor device in a circuit application has led to
the production of very competitive design which mainly focused on electrical characteristic
improvement especially on output current, linearity, threshold voltage that gives better and higher
device performance (Xu er al., 1998; Bonkee er al., 2000; Bonkee et al., 2001; Tae et al., 2004). One
of the solutions to achieve this objective is by applying the multiple gated-layouts in the transistor
device structure. Some researchers have done the simulation and modeling on this multiple-gated
layout and found significant improvement on electrical performance of certain transistor device
(Iniguez, 1999; Hon-Sum et al.,). Other researchers have also found that this multiple-gated layout
also could also improve the power consumption of a transistor device and thus made the circuit more
efficient (Chang et al., 2000; Dao, 2004). However, the application of this multiple-gated concept to
all semiconductor devices has not been fully explored especially for pseudomorphic HEMT (p-
HEMT) device. Due to the different structure, material and operation of p-HEMT device, this concept
needs to be investigated further. In this study, the effect of multiple-gated layout on power
consumption performance in GaAs based p-HEMT device was observed. The result obtained from the
I-V measurement will be used in the power consumption analysis.
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Material and Methods

In order to study the multiple-gate layout effect on p-HEMT device power consumption, specific
layout have been used. Three types of layouts were used in this experiment, comprising of 2x60, 4x75
and 6x150 layouts. The 2x60 layout represented 2-gated layout with 60-micron gate length, and the
4x75 and 6x150 layouts represented 4-gated and 6-gated with 75 micron and 150 micron

UMT, 2007 1



M. N. Osman ef al. 2

gate width respectively. The gate length of all devices was 0.5 micron. The figure of those device
layouts is shown in Fig. 1.

Figure 1. The layout of 2x60, 4x75 and 6x150 of p-HEMT device

Basically, the layout consists of Gate, Source and Drain terminals which are standard for p-
HEMT device. The Gate terminal indicates the input and the Drain is the output terminal. In this study,
the Source was connected to the common Ground at the bottom of the wafer. In other studies, the gate
width for each layout was fabricated for different length. However, this variation of gate width might
contribute to the performance of the device in a different way. Xu er al., (1998) found that the 4x25
layout produced poorer pinch-off characteristic compared to 2x50 layouts. Even though the total gate
width is the same, they show a different performance in electrical characteristic.

The on-wafer DC probing technique was the selected measurement setup used throughout the
process of extracting the I-V characteristic. This technique was selected because the device was in a
wafer form. The low parasitic GSG probe tips were used to probe on the device layout, which was
ready in a GSG pad. One tip was probed on the Gate terminal that supplied the Vy, and the other tip
was probed on the Drain terminal for V. The source terminal was grounded by the chuck of the probe
station. Both probe tips were connected to the Keithley Source Measure Unit (KSMU). The current
flow in the device was then feedback to the analyzer to obtain the I-V characteristic of the device
during the present of biasing. The basic setup for the DC measurement of p-HEMT device is shown in
Fig. 2.

LV Plet
Result

Figure 2. Setup during dc measurement of p-HEMT device
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