
FIRST GENERATION
HIGH VOLTAGE
VERTICAL FET

Radio Frequency (RF) power amplifiers
play a critical role in a broad range of
wireless applications, including infra-

structure for mobile devices and cell phones,
broadcasting and medical equipment, satellite
and military communications, emergency ra-
dios, and radar. Increasing demands on overall
system performance, in turn, translates into
added pressure on power amplifiers to deliver
excellent efficiency (for low power consump-
tion), linearity, and reliability at a reasonable
size and cost.

As demand for cost-effective, high perfor-
mance continues to mount, new and innova-
tive techniques and materials must be intro-
duced into the market. One such recent de-
velopment is the vertical architecture being
introduced with the HVVFETª transistor
from HVVi Semiconductor. The HVVFET

(High Voltage Vertical Field Effect Transistor)
is a discrete high power transistor for RF am-
plifier applications. Devices based on this new
structure demonstrate excellent linearity, effi-
ciency and high gain characteristics for high
peak-to-average-ratio applications such as
CDMA, WCDMA, TD-SCDMA and OFDM
systems.

HIGHER OPERATING VOLTAGE FROM A
VERTICAL DEVICE

This vertical architecture is shown in Fig-
ure 1. In contrast to lateral devices, the sub-
strate of the HVVFET acts as the drain of the
transistor. This results in a transistor capable
of higher operating voltages. The HVVFET
depletes vertically into the substrate as voltage
is applied to the drain. This novel device ar-
chitecture approaches planar breakdown in
the vertical drain region, thereby standing off
the maximum voltage with the minimum
Rdson (on resistance). In addition to improv-
ing device packing density, the architecture
greatly lowers parasitic capacitance.
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Fig. 1  Cross-sectional views
of typical lateral transistor
and new High Voltage
Vertical FET. !

Reprinted with permission of MICROWAVE JOURNAL¨ from the June 2008 issue.
©2008 Horizon House Publications, Inc.

         



The HVVFETÕs unique structure
provides performance characteristics
that improve as the device migrates
to even higher operating voltages.
The companyÕs product roadmap is to
produce greater RF power through
high voltage allowing the device to
operate at a lower drain-source cur-
rent. This results in a smaller die size
and reduced parasitic capacitance per

watt. Lower capacitance supports
higher-frequency operation, and the
lower current density leads to im-
proved reliability.

EFFICIENT HEAT TRANSFER
Heat is often the limiting factor to

improving power amplifier perfor-
mance. The HVVFET vertical archi-
tecture actually allows the transistors to
deliver higher power while generating
less heat by more efficiently removing
heat from the device. Additional ther-
mal management is achieved via a new
flip-chip package expressly designed for
this product. By more efficiently dissi-
pating heat from the die, these new de-
vices can deliver more power with
higher efficiency (see Figures 2a and
2b), better gain (thereby reducing the
number of amplifier stages) and im-
proved reliability.

SYSTEM BENEFITS
The first devices fabricated in the

new HVVFET technology offer ma-
jor advantages over devices built in
competing technologies. In radar and
avionics applications, HVViÕs new
product family doubles the output
power and gain in the same package
footprint while reducing power con-
sumption by 30 percent. Moreover,
by lowering thermal resistance and
simplifying the design, this new ap-
proach offers significant advantages
in terms of ruggedness and reliability.
As an example, HVViÕs initial transis-
tors are specified to withstand a

VSWR of 20:1 at all phase angles un-
der full rated output power.

DEVICE RF PERFORMANCE
The HVVFET is currently being

targeted for pulsed applications in the
L-band avionics and radar markets and
is available in three product families.
The HVV1011-025 (30 W) and
HVV1011-300 (300 W) target avionic
applications such as IFF, TCAS,
transponder/interrogator applications
with a frequency range between 1030
and 1090 MHz (50 µsec pulse widths,
5% duty cycle). The HVV1012-050 (50
W) and HVV1012-100 (100 W) are
ideal for DME avionic applications op-
erating at 1025 to 1150 MHz and pulse
widths of 10 µsec, 1% duty cycle. For
ground-based radar applications, the
company offers the HVV1214-025 (25
W), HVV1214-100 (100 W) and HVV-
1214-200 (200 W). These devices are
tuned to operate in the 1200 to 1400
MHz frequency band at pulse widths
of 200 µsec and 10% duty cycle. See
Table 1 for performance data.

DEVICE PACKAGING AND
SUPPORT

The devices come in several pack-
age types including a two-lead metal
flanged HV400 package (see Figure
3a) with a liquid crystal polymer lid
as well as a surface-mount transistor
package with a ceramic lid (see Fig-
ure 3b ). Both package styles are
qualified for gross leak testÑMIL-
STD-750D, method 1071.6, test con-
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TABLE I
PERFORMANCE SUMMARY OF THE HVV1011, HVV1012 AND HVV1214 PRODUCT FAMILIES

L-BAND FAMILY OF AVIONICS RF POWER TRANSISTORS

For IFF, TCAS, Transponder/Interrogator Applications (Pulse Width = 50 µs, Duty Cycle = 5%)

Part Number Frequency (MHz) VDD (V) IDQ (mA) Power (W) Gain (dB) Efficiency (%) Package Type

HVV1011-025 1030 to 1090 48 15 30 18 49 SM200

HVV1011-300 1030 to 1090 48 100 300 15 48 HV400

For DME Applications (Pulse Width = 10 µs, Duty Cycle = 1%)

HVV1012-050 1025 to 1150 48 25 50 20.5 49 HV400

HVV1012-100 1025 to 1150 48 50 100 19.5 48 HV400

L-BAND FAMILY OF RADAR RF POWER TRANSISTORS

For Ground-based Radar Applications (Pulse Width = 200 µs, Duty Cycle = 10%)

HVV1214-025 1200 to 1400 48 25 25 17.5 49 SM200

HVV1214-100 1200 to 1400 48 50 100 19.5 49 HV400

HVV1214-200 1200 to 1400 48 100 200 17 48 HV400
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" Fig. 2  Typical device performance under
Class AB operation and RF pulse conditions
of 50 µs pulse width and 5% duty cycle with
VDD = 48 V and IDQ = 100 mA. The device
produces over (a) 300 W of output power
with (b) 48% drain efficiency measured at
1060 MHz.



dition C. The 100 W and high power
packaged devices also have input and
output internal pre-matching to im-
prove performance and reduce exter-
nal circuit complexity.

CONCLUSION
This new device, the first new sili-

con RF power transistor structure in-
troduced in over a decade, allows
large amounts of transistor periphery
to be placed in a small region of sili-
con, maximizing device packing den-
sity and transistor reliability while
constraining the geometry of the
transistor cells. The new device offers
performance that is ideal for RF and
microwave pulsed applications such
as avionics and radar. This patent-
pending vertical architecture transis-
tor is produced in mature, proven
and highly cost-effective CMOS
wafer process fabrication facilities.
Evaluation kits are also available.

HVVi Semiconductors Inc.,
Phoenix, AZ (480) 776-3800,
www.hvvi.com.
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" Fig. 3  Top, side and isometric views of HVVFET package styles: (a) HV400 package (b)
surface-mount (SM200) package with bottom pattern view.


