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PREFACE

This final report was prepared at the David Sarnoff Research CenLer,

Princeton, New Jersey as a separate task under Contract NOOO39-8j-C-01j1. The

report describes work performed on a developmental high-speed Duai-Gate FLT

Amplifier-Switch. The purpose of the switch is to generate a microwave pulse of

controlled shape from a CW source to properly simulate a pulsed radar signai.

The project engineer was D. Mawhinney, MTS, assisted by Senior Technical

Associate, H. Milgazo, and was under the supervision of M. Nowogrodzki, Head of

The Microwave Subsystems Group.

The problem of controlled simulation was brought to our attention by Mr.

C.W. Wallace of the Naval Research Laboratory who provided assistance and

direction in establishing the performance objectives. Mr. Temple Timberlake WdS

the cognizant technical monitor and we appreciate the helpful guidance and

K counsel he provided.
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TASK I

DUAL-GATE FET AMPLIFIER-SWITCH

1fRf ODU IOI

The purpose of the gallium arsenide dual-gate field effect transistor (FET)

amplifier-switch is to provide a means for high-speed switching of a microwave

signal. One specific useage is the generation of simulated fast- rise-time-

short microwave pulses, as might be produced by a high-resolution tracking or

imaging radar transmitter, from a continuous-wave microwave source. This may be

done with conventional high-speed PIW diodes but there are two potential limita-

tions. First, the PIN-diode switch will have some attenuation thd6 could be

made up for by adding an amplifier stage. Second, as pointed out by Naval

Research Laboratory personnel, the rise time of high-speed PIN-diode switches is

defined as the time interval required for the switch output to change from 10

to 90 of full value. For most applications chis may be adequate, buL ;o

simulate a sharp radar pulse the residual 10% represents a significant power

level only 10 dB down from the maximum level. To adequately simulate a true

full-off to full-on radar pulse, a 40-to 60-dB definition would be more appro-

priate.

The consequence of the less-than-adequate attenuation can best be demon-

strated by considering the effect of the simulated pulse on a saturated

receiver. This is shown, in somewhat exaggerated fashion, by Fig. 1. rhe

simulated pulse is stretched by the saturated amplifier. In an extreme case,

the cw nature of the source would be revealed and the pulse simulation would

essentially fail.

The transmission characteristics of the dual-gate FET are controlled by the

bias on the control gate which, unlike the PIN-diode, draws essentially no

current and sLores no charge. The control gate, if not capacitively bypissed,



can actually be used as a second microwave frequency (e.g., 10 Gtz) inpu. for

mixing or modulation. As such, the bandwidth associated with rf pulses even as

short as 10 ns (e.g., 100 MHz) can readily be accommodated. The control

characteristics are such that the attenuation level will follow the input pulse,

and equivalent rise times can be specified in terms of better than 1% to 99.. A

much truer radar transmitter pulse simulation is expected to result. In

addition, the dual-gate FET can provide some gain at the maximum control- gaLe

voltage while the PIN-diode switch always has losses.

TECHNICAL RESULTS

During this program we developed a dual-gate FET amplifier-switch for

evaluation and test. The program required delivery of one switch assembly, but

to provide for a two-channel evaluation test system, two complete FET switch

assemblies were fabricated, tested, and delivered for evaluation and use by

Naval Research Laboratory personnel. The overall design, as shown in Fig. 2,

consisted of two separately packaged dual-gate FET switch-amplifiers, each

followed by a ferrite isolator, and an interlocked voltage regu ".tor/pulse-

driven printed circuit.

Each of the dual-gate FET amplifier stages used an NEC NE46,00 g .llium

arsenide FET in chip form with input and output microstrip matching sections

fabricated on 0.025-inch- thick alumina substrates. The drain and signal-gate

bias voltages were isolated via high-impedance choke lines and suitable rf

bypass capacitors, and the control gate was bypassed with a 7-pF rutile capaci-

tor to minimize pulse driver loading. The dual-gate FET is essentially a cas-

cade arrangement of two single-gate FETs configured as shown in Fig. _. A.L

bias and pulse connections were made through low- capacitance hermetic feed-

through pins soldered into the sides of the nickel-plated brass housing. A

2
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photograph of the amplifier circuit before inskallation in a sealed housing is

shown in Fig. 4.

The isolators were provided to minimize loading effects caused by the impe-

dance mismatches at the FET input and output. These impedances vary as the

control voltage is changed, and unpredictable oscillations and pulse distortions

may occur unless adequate input and interstage isolation is provided. The

isolators used in the FET amplifier-switch assembly were commercially available

ferrite isolators, manufactured by UTE Microwave, that were rated to provide at

least 18-dB isolation from 8-to 12-GHz. The physical layout of the two FET

amplifiers and the two isolators is shown by the photograph of 'Fig. 5.

To simplify operation of the FET amplifier-switch, a printed circuit board

with voltage regulators was also included. The NEC NE46300 FET devices required

a drain voltage of +3 to +4 Vdc, a signal-gate bias of -1.0 Vdc, and a control-

gate voltage from -4 to 0 Vdc for minimum to maximum output power. To protect

the FET from a misapplication of voltages, the included regulator circuit (shown

by the schematic of Fig. 6) includes overvoltage and reverse polarity protection

diodes as well as an optically coupled interlock circuit Lhat prevents applica-

tion of the positive drain voltage unless the negative supply, needed for the

signal-gate bias, is connected and turned on. The photograph of Fig. '( snows

the printed circuit board mounted in place over the microwave components. In

the fully assembled form, the FET amplifier-switch is enclosed in rhe housing

with access provided for mounting plate holes, as shown in Fig. 8.

Forward transmission gain measurements over the 7-to 11-(GHz band were made

by an automated network analyzer on both FET switch assemblies prior to de-

livery. Since the gain/loss characteristics vary with control- 6ate voitage,

the measurements were made at several voltages, from zero to that required for

maximum attenuation - nominally - to -4 V. Thesd measurements are shown in

I.



plotted format on Figs. 9 through 17 in accordance with the following Uabula-

tion:

F G. NO. FET SWITCH NO. CONTROL-GATE BIAS (V) NOMINAL GAIN/LOSS (dB)

9 1 0.0 +12

10 1 -1.7 - 2

11 1 -2.5 -22

12 1 -2.9 -44

13 2 0.0 +12

14 2 -1.7 + 1

15 2 -2.5 -16

16 2 -.. 0 -41

17 2 -4.0 -52

As may be obser-ved from these data plots, a total power control range of

more than 60 dB can be expected from each FET amplifier-switch with- a control

voltage swing from zero to -4 V. At zero bias, both assemblies hdve positive

gain - a clear advantage over lossy PIN-diode switches. The effect of the input

isolators can be observed from Figs. 18 and 19, which show the input VSWR of F&f

switches No. 1 and 2, respectively, at a control-gate bias of zero volt.

The basic capability of generating a microwave pulse from a cw source by the

FET amplifier-switch is shown by the photographs of Fig. 20 for both a rela-

tively long pulse (A) on the order of 5 s and a short pulse (B) of approx-

imately 30 ns. These photographs were taken with various settings of the con-

trol voltage, demonstrating the potiential power adjustment range of tne FET

amplifier-switch.

Switching speed measurements were somewhat restricted by available pulse

4
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generators with limited rise times. £n addition, it is difficult Lo measure a

wide dynamic range response with a diode detector. To provide the capability of

the FET amplifier-switch over a wide dynamic range, and comparing operation to

PIN-diode switches, a microwave limiter amplifier was inserted ahead of a

tunnel-diode detector to function as a saturated video detector. The tLesb

circuit, shown by Fig. 21, was used to evaluate the FET amplifier-switch and two

commercial high-speed PIN-diode switches. The HP8(34B PIN-diode switch driven

by the HP8403A modulator has rise and fall times of approximately 25 ns and a

full-off attenuation of more than 80 dB. Although the Alpha MT3086 PlN-diode

switch, with a typical full-off loss of 75 dB, is rated for 10-ns rise and fall

times, the pulse generator driver degrades boLh times to approximateLy 25 ns.

The same pulse generator was used to drive the FET amplifier driver.

Comparative results are shown on Fig. 22 with the three switches driven by

essentially the same pulse width. Both PIN-diode switches, the lower- isolation

Alpha switch to a greater. degree, show continuous output along ',;he baseiine

(ripples) and a more distorted pulse than the FET arplifier-switch. The nigher

isolation (and more expensive) HP87346 PIN-diode switch shows less distortion

than the Alpha but more than the FET amplifier-switch, which provides d good

replica of a true on/off radar pulse as evidenced by The photographs of the

spectra generated under various timing conditions shown in Figs. 2) throughn 21.

COiCLUSiOi

The use of dual-ga~e FET devices for on/off pulse simuiauion purposes 41i'

have advantages over PIN-diode switches because of the wide dynamic range and

lack of charge storage. In addition, the FET switch can be designed io provide

gain, whereas the PIN diode will have loss - possibly as much as 5 dB in tne

case of the HP87'4B. Excellent control range characteristics are aiso availabie

from the dual-gate FET amplifier-switch, which makes this switch suitable for



use as a high speed dynamic attenuator for puLse shaping or sensitivity .im--

control applications.
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0 TIIE ON/OFF

N rTYPICAL

SLIGUTLY STRETCHED /Pin/Pout CARACTERISTIC

OUTPUT PULSE OUT SATURATED RECEIVER WIDENED OUTPUT PULSE

NO cw LEVEL ± WITH ELEVATED ew LEVEL

100
I POWER INPUT OUT

r4 FAST RISE AND FALL TIMES
t ON LOG (dl) SCALE

RESIDUAL cw LEVEL PIN-DIODE
SIMULATED PULSE INPUT

FIGURE 1. PULSE DISTORTION PRODUCED BY SATURATED RECEIVER ON PIN-DIODE
SIMULATED RADAR TRANSMITTER PULSE.
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DEVICE CONFGNURATION
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FIGURE 3. CONFIGURATION AND DIMENSIONS OF DUAL-GATE NE46300 FET CHIP.
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FIGURE 20. LONG- AND SHORT-PULSE GENERATION OBTAINED
WITH THE FET AMPLIFIER-SWITCH.
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Alpha MT 3086 PIN-Diode Switch
Driven by HP1900A Pulse
Generator

HP 8736B PIN-Diode Switch
Driven by Modulator HP 8403A

!a

FET Amplifier-Switch S/N 1

FIGURE 22. COMPARISON OF SIMULATION PULSES PRODUCED BY PIN-DIODE SWITCHES AND
AN FET AMPLIFIER-SWITCH
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GATED SPECTRUM GENERATED BY FET SWITCH

Oscilloscope
Display

ON
FET Switch Pulse

OFF

OFF
Spectrum Analyzer

Gate
ON

200 ns/div.

Spectrum Analyzer
Display

30 MHz/div.
Fc a 6 GHz

FIGURE 23. GATE CENTERED 200 ns BEFORE FET SWITCH PULSE
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GATED SPECTRUM GENERATED BY FET SWITCH

Oscilloscope
Display

ON
FET Switch Pulse

OFF

OFF
Spectrum Analyzer

Gate
ON

200 ns/div.

Spectrum Analyzer
Display

30 MHz/div.
F - 6 GHz

FIGURE 24. GATE CENTERED 100 ns BEFORE FET SWITCH PULSE
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GATED SPECTRUM GENERATED BY FET SWITCH

Oscilloscope
Display

ONI OFF FET Switch Pulse

OFF

OFF
Spectrum Analyzer

Gate
ON

200 ns/div.

Spectrum Analyzer
Display

30 MHz/div.
Fc - 6 GHz

FIGURE 25. GATE CENTERED ON START OF FET SWITCH PULSE
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GATED SPECTRUM GENERATED BY FET SWITCH

Oscilloscope
Display

ON
FET Switch Pulse

OFF

OFF
Spectrum Analyzer

Gate
ON

200 ns/div.

Spectrum Analyzer
Display

30 MHz/div.
Fc = 6 GHz

FIGURE 26. GATE CENTERED 100 ns AFTER FET SWITCH PULSE
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GATED SPECTRUM GENERATED BY FET SWITCH

Oscilloscope
Display

. ON.,-

FET Switch Pulse. OF F--

OFF-

Spectrum Analyzer
4 Gate• , ON

200 ns/div.

Spectrum Analyzer
Display

S.'

30 MHz/div.
Fc 6 GHz

FIGURE 27. GATE CENTERED 200 ns AFTER FET SWITCH "ON" PULSE
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