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Abstract  —  A C-band MMIC oscillator in GaN HEMT 

technology with BaxSr1-xTiO3 (BST) film capacitors 
integrated as DC block capacitors has been designed, 
fabricated and characterized. The lumped LC resonator 
works with the common gate HEMT to generate negative 
resistance. The oscillator, based on AlGaN/GaN HEMT with 
0.7um gate length and 200um gate width, delivers 20.5 dBm 
output power when bias at Vds = 15 V and Vgs = -3 V, with dc-
to-RF efficiency of 12.5%. Phase noise was measured to be -
105 dBc/Hz at 100 kHz offset from 5.3 GHz carrier. The 
results show that AlGaN/GaN HEMTs are attractive to both 
high power and low noise microwave source application. 

Index Terms  —  GaN, high electron-mobility transistor 
(HEMT), BaSrTiO 3 (BST), monolithic-microwave 
integrated-circuit (MMIC), oscillator, phase noise. 

I. INTRODUCTION 

Due to the high carrier density and high breakdown 
fields in this material system, AlGaN/GaN HEMTs have 
already demonstrated one-order higher power density over 
conventional GaAs-based HEMTs and comparable cut-off 
frequencies for similar gate-lengths. Limited by the low 
power capacity of GaAs oscillator, most of current 
microwave systems require a power amplifier following 
oscillators to deliver a high-power signal.  Recent studies 
on low-frequency noise show that GaN HEMTs will offer 
comparable noise levels to conventional GaAs devices [1]. 
It indicates the possibility of the use of GaN HEMTs to 
simultaneously achieve both high power and low phase 
noise performance in a single oscillator circuit [2], [3]. 
AlGaN/GaN HEMTs as a candidate for single stage 
microwave sources can reduce the size and cost of the 
system. Similarly, BaxSr1-xTiO3 (BST) thin films have 
been investigated for microwave circuit application 
because of their high dielectric constants (200-300), high 
tunability (3:1), relatively low loss (tan�/ < 0.01), and fast 
switching speed (sub-nS). Due to its high dielectric 
constant, BST is a candidate for very compact MMIC DC 
blocking capacitors, promising a 100-fold reduction in 
capacitor area as compared with SiN and SiO2 capacitors. 
Our previous work has demonstrated a solution to 

integrate BST capacitors into GaN HEMT microwave 
circuit, which can avoid the degradation of both GaN 
HEMTs and BST capacitors [4].  In this paper, a low-
phase noise GaN oscillator integrated with BST capacitors 
is presented. 

II. CIRCUIT DESIGN AND SIMULATION  

A common-gate oscillator structure with LC resonator 
on the drain is used. Its simplicity makes it easier to 
control parasitics from the active and passive components 
when designing. Also, this LC positive feedback oscillator 
is considered to be suitable for high-power application. 
The bias of HEMT device was chosen for best linearity 
and stability of the output signal. 

The circuit was designed using Agilent Advanced 
Design System (ADS) as show in Fig. 1. To achieve 
desirable accuracy of the modeling, the small-signal 
properties of the device was characterized in the 
frequency range from 50 MHz to 25 GHz. The extrinsic 
parameters are extracted by measuring the small-signal S-
parameters for the open and short structures of the device. 
The intrinsic parameters are then obtained by 
deembedding the extrinsic parameters. 
 

Fig. 1. Circuit schematic of the GaN oscillator. 
 
Inductor and capacitors used in the resonator were 

selected from real fabricated passive components.  Special 
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attention was paid to develop adequate models of the 
passive components. The average Q factors of the on-
wafer spiral inductors and SiN capacitors are 25 and 67 
respectively at 5 GHz. Following the typical small-signal 
design procedure for negative resistance transistor 
oscillators, the load was designed according to the 
oscillation conditions as follows: 
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0( )outwhere  is the real part of negative resistance at 
the output of HEMT and  is the imaginary part 
of that at resonation frequency.  and  
are real and imaginary parts of load network with 
resonator. f  is the resonation frequency. 
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BST capacitors were used as DC block capacitors in the 

circuit. They significantly reduce the die area of oscillator. 
Also since BST capacitors have relatively higher self-
resonation frequencies than traditional SiN capacitors with 
comparable large capacitance, they are easier to model. 
These properties make them attractive to the compact C-
band MMIC design. Besides these benefits, high 
tunability of BST capacitors as varactors shows more 
flexibility in  various microwave circuits. 

Transient and harmonic simulations were done by using 
the curtice�� C_FET3 model, which is used to simulate 
large-signal performance of GaN HEMTs in Agilent ADS 
software environment. The output power and frequency 
were verified. 

III. DEVICE AND CIRCUIT FABRICATION 

The AlGaN/GaN HEMT devices were grown by metal 
organic chemical vapor deposition (MOCVD) on sapphire 
substrates. The epitaxial structure consisted of a semi-
insulating Fe-doped GaN base layer [5], followed by a 
290 Å thick Al0.27Ga0.73N barrier layer. The room 
temperature sheet electron concentration and Hall 
mobility were ~1.15x1013 cm-2 and ~1211 cm2/Vs, 
respectively. The GaN HEMT device has gate length and 
width of  Lg = 0.7 µm and Wg = 2x100 µm, current density 
Idss = 1 A/mm at Vgs = 1 V, and a breakdown voltage 
larger than 35 V. The measured unit current gain cutoff 
frequency (ft) of the device is 20 GHz. 

The GaN HEMT MMIC fabrication integrated with 
BST capacitors started with source and drain ohmic 
contacts, followed by the process of BST capacitors. After 
that, HEMT devices were completed with mesa isolation 

and gate metallization. The GaN HEMT is passivated by 
PECVD SiN layer, which is also used as dielectric 
material in MIM capacitors. Capacitors and spiral inductor 
with air bridge were fabricated in the last steps. Detailed 
fabrication description and discussion of the integration 
were presented in [4]. The chip size is 1.4 mm x 1.6 mm.  
As shown in Fig. 2, The LC resonator tank is at the drain 
terminal of the HEMT device. The feed-back path 
between the source and drain is made by SiN MIM 
capacitors. 

 

 
Fig. 2. Chip photomicrograph of the developed oscillator. 

IV. EXPERIMENTAL RESULTS 

Circuits were characterized on-wafer with air-coplanar 
probes by an Agilent Spectrum Analyzer E4440 with 
phase noise option. Bias feeds for gate and drain were 
provided through off-wafer bias tees for convenience in 
testing. 

A. Power and efficiency measurements 

The output power of the oscillator was measured at 
different drain bias voltages. The oscillator delivers a 
maximum of 20.5 dBm at 5.3 GHz into a 50-�Ÿ load when 
biased at Vds = 15 V and Vgs = -3 V, with dc-to-RF 
efficiency of 12.5%. The maximum efficiency of 14.1% 
occurs at Vds = 10 V. Output power and dc-to-RF 
efficiency as functions of drain voltage are shown in Fig.                                                            

�� W. R. Curtice, Curtice Consulting, Washington Crossing, PA. 
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