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Abstract — A novel vertical silicon high voltage microwave
power transistor is reported with high degree of rdustness and
inherent thermal self protection. The HVVFET deviceuses a deep
dielectric platform with uniform channel doping that approaches
near ideal breakdown voltages (>110 Volts) for suible epitaxial
thickness and doping levels resulting in high powedensity. An
integrated shield enables significant reduction inthe feedback
capacitance resulting in devices with.f> 6GHz and gain in excess
of 15dB, with VSWR of 20:1. Flip-chip gold bumps ae used to
achieve short thermal transfer path to the flange ad achieve
inherent thermal self protection.

Index Terms—Flip-chip RF power transistor, power transistor,
Silicon Power Transistor, Ruggedness, Vertical RFansistor

|. INTRODUCTION

Numerous communication and radar applicatimtgire
amplification of RF/microwave signals to levelsdifzens to
thousands of watts. The vast majority of theseliegipons
involve signals with frequency bands of interestnewhere
between a few hundred MHz and a few GHz. Appl@sti
include commercial and military based radar systelmsg
distance terrestrial and satellite communicaticass,well as
base station transmitters. Currently, many of dhes
applications are addressed with silicon technobg@®IT or
LDMOS transistors). Silicon bipolar technologiek] [are
capable of high power amplification, are very matubut
provide limited RF gain — often requiring additibngain
stages in order to achieve required power levelfhermal

management and ruggedness issues also limit the BJT

application space. LDMOS technology [2] is alspatale of
high power amplification but provides only slightlyore gain
than BJTs and with a significant loss of devicegedness
when used in pulse applications. GaN HEMTSs [3]respnt
an emerging technology with significant promiset mith
limited technological maturity.

The HVVFETM (High Voltage Vertical FET) discussed in
this work represents a technology with 2—4 times plower
density of other high power semiconductor transsstevith
high operating voltage and significantly improvedjgedness
using mature silicon MOSFET process technology.

I DEVICE STRUCTURE

Improved performance of the HVVFET is achieved byesal
process and structure innovations (TABLE 1). Feut
presents a cross sectional diagram and schematigidos of
the HVVFET structure. Current flow between the Nles
Source structure (top, middle) and the Drain (bujtas
modulated by a MOS gate which is formed using well-
controlled, self-aligned, spacer technology. Thisry
controllable and repeatable process allows the ¢atbe
fabricated with very short gate length dimensidrse vertical
structure allows high RF power gain to be achieived very
small silicon footprint. Short gate length is icdt to high
frequency performance achieved by the device.

TABLE I.
HVVFET Device Structure Details

Self Aligned Short channel Gate Structure
Integrated Shield To Minimize Cgd

Uniform Drain Channel Doping

Dielectric Platform Electric Field Termination

Device fabrication starts when silicon regions diet
semiconductor outside the area of active curreoiv fhre
etched and oxidized to form a dielectric platfoffig(re 1).

Figure 1.0 Cross sectional and top view of HVVFET



The platforms surround the transistor active are&ate
contacts are placed immediately above the platforrmgis
configuration helps to minimize parasitic capadtarin the
device. The dielectric platform also ensures thatelectric
field in the drain region of the device exhibitsaneplanar
breakdown as shown through simulation (Figure 2).

1:48v/202_3p25/n3_mdr.grd : n4_des.dat

Figure 2. TCAD Simulation of HVVFET illustratingdid lines in
Drain region that leads to high planar breakdown.

Current density simulations (Figure 3) show thatent (and
therefore heat generation) is maximum near thendead of
the short gate. To accommodate these high cudemgities,
maintain a small footprint, and minimizeyR, doping levels
are increased in this region (Figure 4). Additioparasitic
capacitance reduction
processing by placing an E-field shield layer betwesate
metal and the drain region (Figures 5 & 6).The cleteo

HVVFET consists of an array of source contacts,heac

surrounded by gates
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Figure 3. TCAD simulation of HVVFET illustrating oent flow and
current density in the device

is also obtained through asarf

1, 48/108_Bp8in6_mdt.0rd s n6_mar.dat

Figure 4. Close-in view of Gate-Drain region illaging higher
doping required at exit from Drain side of the ameln

Figure 5. HVVFET device structure illustrating tages Gate-Drain
shielding

Figure 6. SEM of completed HVVFET

Il PACKAGE STRATEGY

Figures 7 & 8 illustrate the flip-chip package &gy used to
further optimize thermal performance of the HVVFETGold

bumps fabricated on both Source and Gate contaigiaré 7)

are mounted as illustrated in Figure 8. A dieledtrterposer
lies with its surface flush with the copper groysidne which
also serves as a heat sink. Gate bumps align thith
interposer providing a means to connect to the ageinput.
Source bumps are contacted directly to the coplzergé
which acts both as electrical ground and heat-sifilke drain



contact is the entire top side of the die in thackage
configuration. Pre-matching to reduce device/déimmusmatch  The impact of low thermal resistance is illustratedthe
can be accomplished using additional MOSCAPs amtbl bo thermal simulations of Figure 10. Thermal gradiendm the
wires as illustrated in Figure 8. region of maximum temperature to the top of hesalt sif the
HVVFET are seen to be only a few degrees C. Irtrash
/ temperature gradients of nearly 40 C are observed i
simulated LDMOS device. High temperature gradieatilt
in carrier transport mechanisms and increased lgiises of
exciting a parasitic bipolar transistor lying withithe LDMOS
% structure. The HVVFET's low thermal resistance doad
temperature gradients improve device reliabiliggduce the

probability of thermal run-away, and dramaticallypprove
device ruggedness.
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Figure 9. Schematic to compare thermal gradientd\iWFET and
LDMOS.

Figure 7.Top view and Cross section view of congaetlie with
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This package strategy provides competitive thermal LDMOS
performance as compared to lateral transistors sagh
LDMOS. The Source heat sink for the HVVFET is lech
L . . Tmax —>» <« Titop
within a few microns of the area of high currennhsiey and HVVFEET HVVEET
major heat generation. The thermal heat flow pathiDMOS
and HVFET is shown in Figure 9.
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Figure 10. Results of thermal simulations illustrgtthe dramatically
reduced thermal gradients observed in HVVFETs imgarison to
those in LDMOS.

[ PERFORMANCE

HVVFETs have already been realized with,fand f of over
6 GHz. Numerical simulations of optimized struetir
indicate devices with useful gain as high as 12 Gife
realizable with currently available process techgas.

Figure 8. Packaged die with pre-match components . . .
u geddiewrp P Typical performance of a matched device using a Bt



HVVFET is shown in Figure 11 with a VSWR of 20:1emall
phase angles at full rated power. Additional deviesults of
25W and 100W parts have been reported [4].

Typical Performance vs Frequency
in a Matched Broadband Circuit
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Figure 11. Performance of matched 300 Watt pantaciierized with
50us pulse width and 5% duty cycle.

IV. Conclusion

The HVVFET structure and packaging technology comakio
produce a novel RF Power FET that significantly aatbes
state-of-the-art performance of power transistathk superior
thermal management, high breakdown voltage, highgRR
and extreme ruggedness
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