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Keywords : microwave communication * GaN ~ HEMT ~ high frequency ~ MOCVD -~ base station *
Ohmic Contact ~ T-gate ~ ICP ~ Ion Implant ~ sputter ~ PECVD -~ passivation

Abstract:

Based on results of the previous project, the Compound Semiconductor Device Lab (CSD Lab in
NCTU) will develop the key component fabrication techniques for GaN-based pseudomorphic high
electron mobility transistor (HEMT) next-generation (3G, 4G or higher) base-station. The band gap
energy for AIN and GaN are 6.2 eV and 3.4 eV respectively. The high saturated drift velocity(3x10’
cm/sec) and high breakdown electric field(5x10° V « cm™) for GaN and the strong piezoelectric effect
make AlGaN/GaN based heterostructure very good candidates for high power, high frequency
electronic devices. In the past year, the un-doped AlGaN/GaN power HEMT with 0.6 ¢z m gate length
has been developed. The fr and fuax are 33 and 57GHz, respectively. The epitxial structure of the
device was implemented by MOCVD (Metal-Organic Chemical Vapor Deposition) System made by
Emcore in America. ICP (Induced Coupled Plasma) etching was introduced for mesa formation. 0.6
m sub-micro T-gate formation was fabricated on GaN HEMT microwave devices by E-beam
direct-write technique and E-gun evaporation system. SisN: was deposited by PECVD (Plasma
Enhanced Chemical Vapor Deposition) for device passivation. In addition, we have applied
multi-energy oxygen ion implantation techniques for GaN device isolation process and investigated the
pulse and RF performance. PECVD and sputter SisN: were also compared as the HEMTs passivation,
and sputter Si3N« passivated HEMTs performed better RF output power as 4W/mm, which was better
than that of PECVD Si:N« passivated devices.
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Content:
1. Oxygen Ion Implantation Isolation Planar Process for AlGaN/GaN HEMTs

(This paper was submitted to IEEE EDL and on reviewing)

A multi-energy oxygen ion implantation isolation planar process was investigated by
dc measurements on isolation test structures submitted to different annealing
temperature. A thermally stable isolation sheet resistance (>10” Q/square) was
demonstrated. AlGaN/GaN HEMTs were fabricated using the oxygen implantation as
isolation, exhibiting (from pulsed I-V measurements) gate-lag- and drain-lag-free
operation. The external cut-off frequency (f:) and maximum frequency of oscillation
(fur) was 33 GHz and 57 GHz, respectively. A maximum output power density of 5.3 W/mm
at Ves=—4, Vas= 50V and a maximum PAE of 51. 5% at Ves=—4, Vis= 30V at 3GHz was demonstrated
on HEMTs without field-plates on sapphire substrate.
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Fig. 1. (a) Sheet resistance against annealing temperature with one hour annealing time.

(b) Arrhenius plot of sheet resistance against annealing temperature and showing activation
energy (Ea) calculated from linear fitting curve with different annealing temperature. Both
are investigated on material 1. (c) Sheet resistance against different temperature on BTS

measurement.



| [A/mm]

]

mesa isolation
--------- implantation isolation

10% i I
100 80 60  -40  -20 0

GLR upwﬁ N %)

80 [ | |
0,1 1 10 100 1000
Pulse length [us]
(b)
120 T T
Vgs(top§=0V
100 Avgs= lv_ =
7 :
80 |y g e
< 60 - 'f:""';",-;;;;'.'.'_:; ..... =i
£ rh N ——
_%40 I~ "'-'-'_:_.-:-__-.-'_:‘_..-a--
0 fF———"= “‘“-_w___,,.-rﬂ""‘
20 s i i
0 5 10 15 20
V.V
(c)

Fig. 2. (a) Comparison of gate leakage current under Ve of 0.1V for oxygen ion implantation
and mesa isolation devices on material 2. (b) Transient characteristics of the HEMTs. Pulsing
solely the gate voltage at the constant drain bias. (c) Dynamic output I-V characteristics
of (Ve, Vas) at (0V, 0V ) (dash line) and (Voinen, 20 V) (spot line) different quiescent bias

with dc I-V output characteristics.
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Fig. 3. Power sweep at Vas=30V, Vi=—4V, showing 4. 5W/mm saturated out put power desity with
a PAE of b5l1. 5%.

2. DC and and microwave performance of sputtered SiN:passivated AlGaN/GaN HEMTs
(This paper was submitted to semiconductor science and technology)

The effects of sputtered and room temperature plasma enhanced chemical vapor
deposition (RT-PECVD) SiN« passivating layer on the DC and microwave performance of
Al1GaN/GaN high electron mobility transistors (HEMTs) are studied. The DC and class
B quiescent bias point pulsed I-V characteristics as well as transient measurements
indicate that the sputtered SiN: passivation is more efficient in suppressing
lag-effects in AlGaN/GaN HEMTs. Dispersion free sputtered SiN: passivated AlGaN/GaN
HEMTs were obtained using this technique, which exhibited an extrinsic cut-off
frequency (f:) and maximum oscillation frequency (fw:) of 51 GHz and 100 GHz,
respectively on gates of 2x50x0.15 p#mdevices. Without active cooling measurements,
the maximum 6. 65 W/mm output power density at Ve=—4, Vi= 50V and maximum 51. 3% power
added efficiency at Ve=—4, Vi= 30V at 3 GHz was demonstrated on gates of 2xb0x2 um
A1GaN/GaN HEMTs without field-plates on sapphire substrate, which represent today’ s
state of the art performance for this type of devices.
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Figure 1. Transient characteristics at constant 3V drain bias of the (a) sputtered, (b) PECVD
SiN«passivated HEMTs, on material 1 and (c) sputtered SiN:passivated HEMTs on material 2.
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Figure 2. Power sweep for the HEMTs processed on the (a) sputtered (S), and PECVD (CVD)
SiN« passivated HEMTs at Ve=30V and Ve=—3V on material 1, and (b) sputtered SiN:passivated
HEMTs Vas=50V and Ve=-4V on material 2.



