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Abstract
A variety of process modules where developed on 4”
GaN on SiC substrates to support a 0.25µ
µm HEMT
technology based on i-line photolithographic tools. The
technological developments to be discussed pertain to a
bi-layer photo-resist shrink on top of Silicon Nitride
stress-optimized films; a low-damage inductively-coupled
plasma etch, to tailor the dielectric sidewall profile yet
tightly control the critical gate foot dimension; a repatterned metal gate to form a T-gate profile; and the
formation of an optimized field-plate structure overtop
the T-gate structure. The developmental challenges will
be elucidated followed by data showing the stability and
control of the critical process modules for high-volume
production purposes.

technology is being developed and produced on a
completely separate production line relative to GaAs
technologies but facilities, process control, and
manufacturing engineering services are shared. The
development of a 0.25µm T-gate device using i-line stepper
technology has been demonstrated on GaAs technologies
previously [8-9]. All i-line stepper photolithographic recipes
had to be adjusted at WIN for the transparent GaN epitaxy
layers and the transparent SiC substrate material as the focus
offset and energy dose parameters where significantly
different in comparison to GaAs-based materials. The
reflections of optical energy from the crystalline material
system of GaN on SiC were very different due to optical
transparency and refractive index differences.

INTRODUCTION
AlGaN/GaN HEMTs are attractive for a variety of high
frequency and high-power, microwave and millimeter-wave,
applications [1~3]. The 4” epitaxy (EPI) wafer quality is
becoming more and more stable and mature. In recent years,
excellent RF device performance and good reliability
performance has been demonstrated by many companies in
the world [4~7]. The industry standard device is composed
of a T-gate supported by an underlying Silicon Nitride layer
that forms the 1st field-plate then an additional Silicon
Nitride layer over top of the gate is used to form the 2nd
field-plate (FP). This device design provides reliable
transistor power performance achieved by relieving the
magnitude of the electric field in the gate-drain region of the
transistor.
P ROCESS DEVELOPMENT
In addition to providing 6” GaAs foundry service, WIN
Semiconductors commenced the development of
AlGaN/GaN HEMT to address the future of WIN’s
technology roadmap in the following 3~5 years. The GaN

Figure 1: Overview of process sequence for transistor formation
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The overview of the process sequence is shown in Figure
1. The Ohmic contacts employed a standard interfacial
Titanium layer followed by Aluminum, a barrier layer and a
top Gold layer to achieve 0.3ohm-mm typical contact
resistance as shown in Figure 2. The Ohmic alloy process
results in the Ohmic contact roughness to be significantly
different from GaAs-based Ohmic contacts.

therefore a thick photoresist is required as well as careful
tuning of the photoresist sidewall profile overtop of the gate
metal and in between the Drain and Gate contacts. Figure 4
represents the schematic cross section of the transistor with
DRES and field-plate.

Figure 2: Ohmic contact resistance control data (wafer basis)

The 0.25µm ODGATE feature is created by first using a
single photoresist coating on the initial SiN layer. The
ODGATE pattern is transferred from the mask plate to the
wafer using a standard, high-volume production i-line
stepper and standard 0.25µm lithography technology in WIN.
Variability in the CD of the photoresist is found to be caused
by Ohmic contact roughness and is correlated to the Drain –
Source spacing in the transistor. A low-damage ICP etch is
performed to open the bottom of the T-gate feature in the
initial SiN layer without causing significant damage to the
underlying undoped GaN-based epitaxy layers as quantified
by channel current measurements. The schematic cross
section of ODGATE profile is shown in Figure 3.

Figure 4: Ohmic, gate metal, and field plate profile

SPC inline control is also implemented into WIN’s
manufacturing systems and Figure 5 shows examples of
some inline parameters such as; ODGATE_CD, 1 st SiN
thickness, DRES_CD, and field-plate_CD. The 1 st SiN SPC
shown in Figure 5 (b) is measured from a Silicon process
control wafer. There is a slight difference in comparison to
the transparent GaN/SiC wafer, therefore, we also have a
regular cross section check to monitor the real product.

(a)

(b)
Figure 3: SiN sidewall profile after ODGATE patterning, after ICP etch,
and with photoresist still present

The DRES, gate metal, feature is formed from NickelGold materials using a single layer, negative photoresist liftoff approach. The field plate structure also is formed using a
single layer, negative photoresist lift-off approach. The field
plate is required to step over the topology of the T-gate and
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Figure 5: Inline control chart of (a) SiN ODGATE CD control after ICP
etch, (b) 1st SiN thickness control, (c) DRES metal CD control, and (d) FP
metal CD control (lot basis)

(c)
Figure 6: Cumulative plot comparison of (a) Gm.max, (b) Idmax, (c) Vto.
Black dots show 4µm S/D spacing and red dots show 6µm S/D spacing

RESULTS
This work also demonstrates the optimization of the
source-coupled field-plate (SFP) design in order to obtain
stable AlGaN/GaN HEMT performance during mass
production. The distance between SFP and the drain is fixed
and instead we focus on the changes to the
dimension/connection of the SFP. Three types of SFP were
designed for comparison and DC/RF electrical
measurements were done. The final baseline process and
design for the gate module was decided by DC and RF
performance. Moreover, the design of source and drain
spacing also plays a key role for the trade-off between RF
performance and reliability.
DC PCM measurements were taken using 25 sites per
wafer. The statistic results, of 40 wafers, as shown in Figure
6, show that there are quite a few low fliers observed in the
PCM parameters. For a S/D spacing of 6µm, the Gm,max is
300mS/mm with Idmax=900mA/mm and Vto=-3.2V. For a
S/D spacing of 4 µm, the Gm,max is 350mS/mm with
Idmax=1100mA/mm and Vto=-3.2V.

Load-pull characterization at 10GHz is shown in Figure 7
for 10x125µm gate periphery devices tuned for maximum
power, biased at Vds=28V and Ids=100mA/mm. The
transistor with the optimized SFP shows better performance
as expected.

Figure 7: Load-pull comparison of 10x125µm transistor @ 10GHz with bias
point of VDS=28V, I DS=100mA/mm

Moreover, we also performed dynamic load-line
measurements at 900MHz using a continuous wave signal
and with different drain bias (18V/28V/38V/48V) to
determine the degree of knee walk-out severity and current
collapse as a function of drain bias. The results of these
measurements are shown in Figure 8. The non-ideal knee
walk-out phenomena is improved with SFP design in
comparison to the transistor without FP design.
(a)

(b)
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stable inline control reflects a consistent small signal RF
performance as well.
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CONCLUSIONS
ACRONYMS
In this paper, the control ability of 0.25µm nitride
supported gate module for GaN HEMT technology
development is demonstrated. Based on the GaAs
experience of 0.25µm technology node, a success
development of a 0.25 µm GaN/SiC technology has been
achieved. In addition to the inline SPC control and DC PCM
WAT trend chart monitor, we also implement the small
signal RF PCM for electrical performance monitor. The
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HEMT: High Electron Mobility Transistor
SFP: Source-coupled Field-Plate
MSG: Maximum Stable Gain
WAT: Wafer Acceptance Test
PCM: Process Control Monitor
CD: Critical Dimension
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