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The effect of buffer layer quality on dc characteristics of AlGaN/GaN high electron mobility

(HEMTs) was studied. AlGaN/GaN HEMT structures with 2 and 5 lm GaN buffer layers on

sapphire substrates from two different vendors with the same Al concentration of AlGaN were

used. The defect densities of HEMT structures with 2 and 5 lm GaN buffer layer were 7� 109 and

5� 108 cm�2, respectively, as measured by transmission electron microscopy. There was little

difference in drain saturation current or in transfer characteristics in HEMTs on these two types of

buffer. However, there was no dispersion observed on the nonpassivated HEMTs with 5 lm GaN

buffer layer for gate-lag pulsed measurement at 100 kHz, which was in sharp contrast to the 71%

drain current reduction for the HEMT with 2 lm GaN buffer layer. VC 2015 American Vacuum
Society. [http://dx.doi.org/10.1116/1.4918715]

I. INTRODUCTION

Owing to the large bandgaps in the AlGaN/GaN hetero-

structure as well as the high electron mobilities and break-

down fields, AlGaN/GaN high electron mobility transistors

(HEMTs) are promising candidates for high power and high

current applications in advanced radar systems, inverter units

in hybrid electric vehicles, and space and satellite communi-

cation networks.1–7 AlGaN/GaN HEMTs are commonly

grown on silicon carbide (SiC) or sapphire. It is well estab-

lished that epitaxial films grown on sapphire or SiC typically

have dislocation densities in the order of 108–1010 cm�2 due

to their thermal coefficient and lattice mismatches.8–10 SiC is

an excellent substrate candidate for power applications

because of its superior thermal conductivity; however, the

cost of SiC substrates is high. Therefore, despite its low ther-

mal conductivity, sapphire has an advantage in its lower

price and often superior surface quality.

A number of studies have reported that optimizing the pa-

rameters of GaN buffer layer growth such as process pres-

sure, precursor flow rate, additional AlN interlayer, and GaN

buffer layer thickness can reduce the defect densities, which

are caused by lattice mismatch.11–13 Also, the thinner GaN

buffer layers on SiC have been reported to have higher

threading dislocation density in the GaN, but lead to higher

off-state breakdown voltages.12,13 However, thick GaN

buffer layers on sapphire and their impact on dc performance

have not been widely studied.

In this paper, the impact of GaN buffer layer quality on

dc and gate-lag pulse performance of AlGaN/GaN HEMTs

was investigated. Transmission electron microscopy (TEM)

was used to determine the dislocation density in the GaN

buffer layer of the HEMT samples. Drain I-Vs, transfer char-

acteristics, and gate pulsed drain I-V characteristics of the

HEMTs were measured to establish a correlation between

the AlGaN/GaN HEMTs’ dc and gate-pulsed performance

and GaN buffer layer quality.

II. EXPERIMENT

AlGaN/GaN HEMT structures grown by metal organic

chemical vapor deposition on sapphire substrates were

acquired from two different vendors. Both types of wafers

had 24% Al concentration in the AlGaN barrier layer. One

type of wafer had a 5 lm GaN buffer and the other had a

2 lm GaN buffer layer. HEMT fabrication was started with

mesa patterning by conventional optical lithography. The

mesa-etching was achieved using a unaxis shuttle-lock reac-

tive ion etcher with inductively coupled plasma module

(ICP) for device isolation with a Cl2/Ar plasma. Ohmic met-

allization of electron-beam evaporated Ti/Al/Ni/Au (25 nm/

125 nm/45 nm/100 nm) was patterned by lift-off and subse-

quently rapid thermally annealed at 850 �C in a flowing N2

ambient for 45 s. Schottky gates of e-beam evaporated Ni/

Au (20 nm/80 nm) with 100 lm width and 1 lm length were

obtained by standard lift-off patterning. DC current–voltage

(I-V) characteristics were measured using an HP4156 param-

eter analyzer, and gate-lag pulse measurements were meas-

ured using an Agilent 8114A pulse generator.a)Electronic mail: fren@che.ufl.edu
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III. RESULTS AND DISCUSSION

Bright-field cross-sectional TEM (BF-XTEM) was used

to quantify the defect density in the HEMT wafers. Figure 1

displays the cross-sectional transmission electron micros-

copy (XTEM) pictures of AlGaN/GaN surface for the top

layers of (a) HEMT structure with 2 lm GaN buffer layer,

(b) HEMT structure with 5 lm GaN buffer layer as well as

the GaN/sapphire interface for the (c) HEMT structure with

2 lm GaN buffer layer, and (d) HEMT structure with 5 lm

GaN buffer layer. Dislocations are seen to originate near the

GaN/sapphire interface and propagate up through the

AlGaN/GaN interface to the surface of both HEMT wafers.

However, it is clear that the HEMT structure with 2 lm GaN

buffer layer exhibited a much higher defect density. The

defect density near the surface for the two substrates was cal-

culated from XTEM taken along the length of the TEM

lamella based on the thickness measured during lamella for-

mation with a focused ion beam. In the case of the 5 lm

GaN buffer layer substrate, the measured defect density was

5� 108 cm�2, while an order of magnitude higher measured

defect density of 7� 109 cm�2 was observed for the 2 lm

GaN buffer layer sample.

Although the HEMT wafer with 5 lm GaN buffer had

one order less defect density, this wafer was under a high

strain. As shown in Fig. 2, the HEMT wafer with 5 lm GaN

buffer layer was significantly bowed. A height difference of

70 lm across the 2 in. wafer was measured with a much

smaller radius of curvature of 5 m. On the contrary, the

HEMT wafer with 2 lm GaN buffer layer was flat and the

wafer height difference across 3 in. wafer was around

21.25 lm with a radius of curvature of 45 m. These results

indicate that the HEMT wafer with 5 lm GaN buffer layer

was highly strained by lower defect density.

Figure 3 shows the drain current–voltage (I-V) character-

istics of HEMTs fabricated on the different thickness of

buffer layers. The HEMTs were measured by sweeping VDS

from 0 to 5 V, while VG started from þ1 V with a step of

�1 V till reaching pinch-off. There was a little difference in

the saturation current observed at VDS¼þ5 V. Transfer

characteristics of HEMTs fabricated on different buffer

layers were measured at VDS¼þ5 V and Vg was swept from

�5 to 0 V, as illustrated in Fig. 4. The thicker buffer GaN

layer HEMTs showed marginally higher drain current at

VG¼ 0 V than the thinner GaN layer HEMTs, with current

densities of 312 and 300 mA/mm, respectively. The peak

transconductance for 5 lm GaN buffer layer HEMTs was

119 mS/mm and for the thinner GaN layer HEMTs was 112

mS/mm, showing only a slightly higher value for the thicker

GaN layer HEMT. Using the linear region of the drain I-V

curve, the mobility and carrier concentration were calculated

using a charge control model.14,15 The calculated mobility

and carrier concentration for thicker GaN layer HEMTs

were 989 cm2/V s and 8.45� 1012 cm�2 and for thinner

GaN layer HEMTs were 907 cm2/V s and 8.63� 1012 cm�2.

These similarities in their dc characteristics suggest that the

FIG. 1. (Color online) BF-XTEM showing the AlGaN/GaN interface for the

(a) 2 lm GaN and (b) 5 lm GaN substrates and the GaN/sapphire interface

for the (c) 2 lm GaN and (d) 5 lm GaN substrates.

FIG. 2. (Color online) Schematics of wafer bowing for HEMT wafer with (a)

5 lm and (b) 2 lm GaN buffer layer.

FIG. 3. (Color online) Drain I-Vs of HEMTs fabricated on different GaN

buffer layer structures.
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defect density in GaN buffer layer has a minimal influence

on HEMT dc performance over this range of buffer

thicknesses.

Furthermore, gate-lag pulse measurements were applied

to evaluate the effect of the different GaN buffer layers on

material electrical quality. In this method, the drain current

(IDS) was recorded while gate voltage (VG) was pulsed. The

normalized drain current–gate voltage (VG) and pulsed

measurements are shown in Fig. 5. VG was pulsed from

�5 V to the voltage indicated on the x-axis in Fig. 5 at 100

kHz frequency with 10% duty cycle while VDS was kept

þ5 V. As shown in Fig. 5(a), a dramatic reduction of drain

current was observed during the gate-pulsed measurement

for the HEMT with 2 lm GaN buffer layer. When the gate

was pulsed at a fixed drain voltage, some of the surface traps

become charged by trapping hot electrons.15 If the gate is

pulsed above a certain high frequency, the traps do not have

enough time to detrap. Those charged traps acted as a virtual

gate and formed an additional depletion region between gate

and drain electrodes, and reduced the drain current.

However, there was no drain current reduction during the

gate pulsed measurement for the HEMT with 5 lm GaN

buffer layers. On the other hand, there was 71% of drain cur-

rent reduction in the gate pulsed measurement for the HEMT

with 2 lm GaN buffer layer at VG¼ 0 V. This indicates that

the excess number of defects in the thinner GaN buffer layer

influenced the generation of surface trap and induced drain

current collapse at high frequency operation.

IV. CONCLUSIONS

The effects of defect density on HEMT dc and rf perform-

ance were studied. HEMTs were fabricated on 2 and 5 lm of

GaN buffer layers with the same composition of active

layers. TEM showed that the thinner GaN layers had an

order of magnitude higher defect densities. HEMTs on

thicker GaN buffer layers showed negligible difference in

the drain I-V characteristics and showed a 6% higher value

in peak transconductance. Significant reduction in pulse

measurements was observed on thinner GaN layer HEMTs.

These results suggest that the defects created in GaN buffer

layer do not largely influence device dc performance but are

closely related to high frequency performance.
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