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Abstract

Significant improvement was made in AlGaN epi
thickness uniformity by improved gas flow in a MOCVD
reactor. RF and dc device performance and reliability
have been examined for wafers with improved
uniformity. A number of wafers were included in 3
production lots, and the data have been compared
between the wafers with and without this improvement.
The dc/RF device performance was comparable, and the
reliability test at 380 °C junction temperature for 500 h
shows similar behavior compared to the known
reliability of the technology. The threshold voltage (V1)
shows greatly improved radial uniformity across the 100-
mm wafers.

INTRODUCTION

GaN/SiC HEMT devices have superior performance for
high frequency, high power and high temperature
applications compared to other competing technologies
based on GaAs and Si [1,2] due to its unique material
characteristics such as wide bandgap, high electron mobility
and high thermal conductivity. Cree has introduced multiple
GaN HEMT technology platforms starting from 0.4-um gate
length (Lg) devices for 28 V application in 2006 [3] and
subsequently introduced 0.25-pum L devices for up to 40 V
[4] application as well as 0.4-um L devices for 50 V [5]
use. Since their introduction, over one million discrete
transistors and MMIC products have been fielded; originally
by military customers and more recently by the commercial
sector [6]. The FIT rate has been confirmed to be less than
10 from the fielded products [7]. Recently, the price of GaN
HEMT devices has been reduced to the point where
commercial segments have started rapidly adopting the
technology. As evidence, the introduction of GaN-on-SiC
technology has been clearly increasing in commercial
systems, including LTE base stations, point-to-point radios,
Civil Radar and satellite communications [8, 9]. As the
commercial market opens up, the maturity and
manufacturability of the process become the most pressing
issues for high-volume, low-cost production [10]. The
uniformity of the starting material is a vital factor for high
yield and tighter device specification. To further evolve the
manufacturability of the GaN HEMT process, an

improvement in MOCVD reactor geometry has been made
to ensure more streamlined gas flow in the chamber. With
the same epitaxial structure, the AlGaN thickness uniformity
has been improved by ~3x. To adopt this new epitaxial
growth format, dc and RF characteristics and reliability
performance of devices from 3 different production lots have
been examined.

EXPERIMENT AND RESULTS
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Figure 1. The schematic diagram of: (a) device structure and (b) epi layer
grown on 100-mm semi-insulating 4H-SiC substrate

Figure 1 shows a schematic diagram of Cree’s GaN-on-
SiC epilayer and devices for all technology platforms. The
epilayers are grown on 100-mm diameter high purity semi-
insulating SiC substrates using a multi-wafer MOCVD
reactor with 8 satellite positions. The epitaxial growth
method has been described elsewhere more in detail [11].

Continuous improvement initiatives in our fabrication
facility required that we focus on reduction of 1-mA/mm
threshold voltage standard deviations across all device
platforms. In AlIGaN/GaN HEMT structures such as these, it
is recognized that device parameters like threshold voltage
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(V+) are proportional to AlGaN thickness and channel charge
density. The uniformity of the epilayers depends on many
sensitive factors, including temperature, gas flow, substrate
bowing, strain characteristics of the buffer layer and
substrate crystal orientation, to name a few [12,13]. In this
study, the reactor geometry has been modified to improve
reagent depletion profiles and AlGaN growth uniformity.
Figure 2 shows the distribution of the AIGaN thickness
range before and after the improvement. The thickness range
was defined as the AlGaN thickness difference between the
center and 40-mm toward the edge of a wafer. With the
reactor improvement, the mean AlGaN thickness range was
improved from 8.74 A to 2.77 A.
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Figure 2. The distribution of the AlGaN thickness range (a) before
(Range =8.74 A) and (b) after (Range = 2.77 A) an MOCVD reactor
improvement was made.

In addition, the Al concentration and GaN buffer thickness
uniformity was measured to be comparable or slightly
improved. The sheet resistivity (Rsy), measured by
Lehighton 1600, has also been improved. Figure 3 shows the
uniformity distribution of Rgy data before and after the
improvement, demonstrating a ~16% improvement.
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Figure 3. Rsy distribution (a) before and (b) after the improvement. The
uniformity has been improved from 0.76 Q/sq to 0.64 Q/sq in average.

To qualify this new epitaxial growth configuration,
wafers were introduced into 3 different production lots to
compare yield, dc/RF device performances and reliability.
One third of each lot was comprised of the wafers with the
improved growth condition. 2 lots (Lotl and Lot2) were
CGH40120 product [14] and 1 lot (Lot3) was CGH40010
product [15]. Figure 4 shows measured dc yield at the end of
the fabrication process that was normalized to the maximum
yield of each product group. The final yield from the wafers
with improved epitaxial growth are comparable or slightly
better than before the improvement.
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Figure 4. Normalized dc yield at the end of backside process from 3
different GaN-on-SiC HEMT lots. In each lot, one third of the wafers were
grown with the improved gas flow.

The CGH40010 product lot was used for further analysis
of device performance and validation of reliability because
the CGH40010 has been the standard vehicle for technology
qualification at Cree [16]. Figure 5 shows the distribution of
the deviation of V1 from the average of each group tested at
10 V drain voltage. The devices from the improved
uniformity epi wafers show ~25 % lower standard deviation.
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Figure 5. The distribution of V (threshold voltage measured at Vps of 10 V
and Ips of 1 mA/mm) from the group average value (a) before and (b) after
the improvement. The standard deviation was improved from 0.12 to 0.09
Vv
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This improvement can be seen more profoundly if the
data is plotted as a function of locations on a wafer. Figure 6
shows typical contours of normalized V; across a wafer. The
data is normalized to the group average of V; and the color
coding is described in Table 1. XLoc and YLoc indicate the
die location on a 100 mm wafer.

Tablel. Color coding of the normalized Vr map in Figure 6.

Color | I | NN | NN m

Range | 1.25 1.2 1.15 1.1 1.05 1.00 0.95

90 90
80

70
60
50

9 o
] 1 S E
> 404 s 404
30 304
20 204
10 104
0 04
T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
XLoc XLoc
(a) (b)

Figure 6. The normalized V1 map of a typical wafer (a) before and (b) after
the improvement. The V1 was tested at 10 V drain voltage. The color
coding is explained in Table 1.

Figure 7 shows the distribution of normalized V; as a
function of XLoc on a wafer. It is very clear that overall V¢
uniformity improved significantly.
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Figure 7. The average (black dots) and 25-75% quartile (red lines) of
normalized V7 as a function of XLoc of devices from the same wafers
described in Figure 6. XLoc varies from 1 to 99. (a) before and (b) after the
improvement.

To confirm the long term reliability, dc accelerated life
testing (ALT) was assessed for 10 parts each from 3 wafers
randomly selected from Lot3. The devices were biased at
Vps = 28 V and 6 W/mm power dissipation for 500 h. The
estimated junction temperature was 375 °C. The packaging
and the T; calculation method were described in more detail
in a previous report [16].

The dc and RF performance of the devices were
examined at 0, 100, 300 and 500 hours of stress. Individual
device failure criterion is determined by device functionality
failure or 1 dB decrease in saturated power, compared to its
initial value. Up to 500 h, only one failure was detected.
To do the statistical analysis of time to failure (TTF), TTF
was estimated by linear extrapolation instead of continuing
the stress until failure occurred. Then, the estimated TTF
distribution was compared with the previously reported ALT
analysis, which was done for the same technology with a
larger population of parts and for much longer stress time
[16].

Figure 8 shows the lognormal plot of the cumulative
density function of lifetime distribution. The solid line is the
MTTF from the previous report, 1221 h, and the dashed line
is from this study, 1414 h. The shaded area shows the 95%
confidence interval. The previously reported MTTF is well
within the confidence interval. The shape factor (lognormal
sigma) was 0.45 from this assessment with 95% confidence
interval of (0.35, 0.59).
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Figure 8. Lognormal CDF(cumulative density function) of TTF(time to

failure). Horizontal line shows 50% survival. The MTTF was estimated to

be 1414 h (dashed line) from this assessment. The solid line is 1221 h, the

previously reported MTTF from the same technology [16]. The shaded area
is the 95% confidence interval.

CONCLUSIONS

As a path to lower cost and a more manufacturable
process for GaN HEMTs on SiC, improvement has been
made in the AIGaN thickness. As a result, a ~25%
improvement in the standard deviation of V; has been
confirmed. The final yield and dc/RF performance of the
devices were comparable or slightly better than before the
change. The ALT test was done for a total of 30 CGH40010
products from 3 randomly selected wafers at 375 °C T; for
500 h. The MTTF was estimated to be 1414 h from this
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assessment and the previously reported MTTF of 1221 h is
well within the 95% confidence interval.
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