
L-17

DESIGN TECHNIQUESFOR GaAs MESFETSWITCHES

G. J. Gardiner, M. W. Geen, D. C. Smith

Plessey Three Five Group Ltd, Towcester, Northants, UK

mslRAcT

A three port bias dependent model for a switch FET is

presented. The Importance of a three port model IS

hlghl Ighted. Large signal behavlour of a MESFET switch in
Its LY4and OFF states IS discussed. The effect of gate bias

resistor and bias potential Is illustrated. Simple
equations and techn I ques are presented which enable
estimates of power performance of canplex switches to be

made prior to detailed non-l lnear analysis.

lNmooueTla

Ouring recent years the GaAa MESFET haa gained Increasing

favour as a swltchlng elsment in control circuits such as

phase shifters, routing awltches and attenuators (1,2,3,4).

This Is particularly evident in multifunction monolithic

Integrated circuits where the rival PIN diode Is generally

incompatible with established W.flC foundry technology. The

advantages of MESFET switches: low power conaumptlon, fast

switching speed and broadband performance are well known

(5), but to take full advantage of the devices capability
and obtain optimum circuit performance, It Is essential to

understand thalr behaviour at large signal levels and under

a variety of bias conditions (6). This paper will present a

bias dependent 3 port model for the MESFET switch based on

extensive measurements of ion implanted devices manufactured

using established W.flC processes. The effect of a gate

Isolatlng resistor (essential In most pract i ca I
applications) on the large signal performance will be

descr i bed. Expressions, which allow ldB compression points

to be estimated are given and verified by comparison with

measurements of two different gacmetry switch FETs. Finally,

the rarely reported subject of isolation performance at

large signal Ieveis is discussed.

sWITCH FET CHARWWRISATICN

WSFETS usad In attenuators or switchas Invariably have a
high value r.f blocking resistor connected in their gate

circuit. The resistor is essential tO g~d circuit

performance. This being the caae, It remains necessary to

characterise the FET as an Isolatad ccsnponent, Idaaliy in

its grounded gate configuration. A three port equivalent

circuit model of the switch FET is shown in Fig. 1. The

presance of the gate resistor, Rgb, as part of the basic

characterisation eiement renders Cgc and Cds lndlstingulsh-

able. It is not possibie to strip the effect of the

resistor after a 2 to 3 port S-paramater transformation of

the measurad data, because the reactance of the unknown,

parasitic shunt capacitances (Cp) appear in parallel with
Rgb and have similar impedance. Measurement of the bare FET

in scmnon source connection is not ideal because the

grounding source via aluminates the affect of Cp.

In our measurements the gate of the switch FET was directly

groundad by means of a via hole in the GSAS substrate.
Oevices were measured as series cc+nponents. Gate to channel

bias Vgc, derived frcsn a single voltage source, was appl led

simultaneous I y to source and drain through bias tees.
Applylng bias solely to source or draio, leaving the unused

bias-T open circuit, resulted in a voltage between source

and drain at bias points near or beyond Vp. This was

manifested as degraded isolation per’formanca and severe
asynsnetry In S11 and S22. The power Ieval used In the

maasurament system Is crlticai. Non-linear bahavlour has
been observed at power ievels as low as OdBm In a 300pm wide

FET biased near pinch-off.

The qual!ty of characterisation data, after stripping test

fixture paras!tics, can quickly be assessed. PrImarlly the

data shouid be smooth. The FET under stiitch, bias conditions

!s passive, and hence reciprocal, tharefore the condltlon

S12 = S21 should be satlsf!ed. Further{nore, tha cainmon gate

FET has considerable geometric synsnetry which IS reflectad

In the observa~lon that S11 = S22. The FETs characterised

to obtain the present results sat!sfled thla condition well

and the equivalent circuit madel was taken to ba symmatric.

Characterisation data was recorded at 20 bias points and

concentrated on regions where FET characteristics changed

rapidly. It was found that the sw!tch FET can be described
well at bias conditions between Vgc <+().6V and Vgc >-Vb (Vb

= breakdown voltage) by 3 non-l inaar elainents Rc, Cgc and
Rgc (Fig. 1). Rgc Is only signiflcmt when the gate to

channel Schottky becomes forward blassd.

TOUCHSTONE
TM

was usad to fit the equivalent circuit to the

measured data. Resistance values were chosen to fit low

frequancy (45MHz - 500MHz) character {atlca. Whan tha FET is

biased well beyond pinch off (Rc>>1x106) and at low

frequencies XLg !s small, only (XJS couples source and drain.

This enabled Cds to be accurately extracted. Cds !S

determined by geometry and IS Influenced by gate recess
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Figurel Equivalent circ;it ofa NIESFET switch.
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length. Cgc and Lg cause roll-off In S21 at high

frequencies and bias voltages less than Vp. Lg Is bias

independent which enables Cgc to be extracted.

Fig. 2 shows the varlatlon of Cgc and Rc with blaa for a 300

).in switch FET. The exceptionally abrupt increase In Rc near

Vp reflects a sharp reduction In doping concentration
between the channel and the substrate, a valuable feature

achlaved using a novel implantation schame. W&e also the
wide range of channel resistance (10:1) making the device a

usaful voltage controlled resistor. A plot of l/Rds VS Vgc

1s virtually linear to Vgc = 3V.

Fig. 3 shows agreamant achieved between o!udel led and

measured S-parameters at an intermediate bias point. Fig. 4

shows agreamant in model lad and measured insertion loss at

several bias points.

EFFECT OF R.F. BLOCXlffi RESIST(X?

1) Small Signal Performance

The value of a 3-port switch FET model is now Illustrated.
The reslator Rgb has a crltlcal effact upon small signal

performance, -large signal performance and swltchlng speed.

It Is assumed in the following discussion that the FET ia

connected In saries with source and load. (It is a

straightforward matter to Infer the behavlour of a FET in a

shunt conflguratlon). The size of Rgb affects small signal

)nSertl On loss, (Fig. 5), and Isolation. The 3 port model
enables the effect of Rgb to be assessed. Complax designs

may involva many FETs controlled from a comma bias point
and tha 3 port modal is necessary to evaluate device

interaction. Switching speed is proportional to the

prcduct, Cgc Rgb, and a trade-off exists between switching

speed, lnsartlon loss and Isolation.

ii) Large Signal Performance ION! State

Fig. 6 shows the variation In ldB insertion loss compression

as a function of frequency. Two breakpoints exist In the

large signal insertion loss characteristic fL and fH. The

frequency fL 1s astlmatad by assuming lt occurs when an

appreciable rf signal is dropped across Rgb

fL = 1

2mRgb (2Cgc)

Experimentally, it is found that P dB of a single serias
(-1 )

connacted FET switch increases at approximately 2.5d B per

octave above fL until the high frequency compression
mechanism dcrninates.

When Vgc = OV the characteristic can be interpreted as

follows (see Fig. 7): In the low frequency ragion, XCgc
>Xigb, negllglbie currant flows In Rgb. A positive voltage

cycle at A sets up voltages VL and VF. VL reverse biases
the gate Schottky, current saturation occurs, limiting powar
to the load. With a negative cycle at A, the gate Schottky
1s forward blasad: current saturation occurs at a much
higher level, either when the device Is thermally overloaded
or by charge carrier velocity saturation beneath the gate

when the electric field significantly excaeds 0.25V per

micron. A rectified current flows in Rgb. In tha low
frequency region compression occurs by asyrmnetrlc clipplng

of the r.f. waveform, (Fig. 8).

Power performance at low fraquencles is highly bias
dependent as can be deducad. Table 1 shows the variation in

output powar at ldB gain compression as a function of gate

control voltage for a 300pm wide FET with Rgb = 8000 at

10MHz. This behaviour has implications on the design of

circuits such as voltage control led attenuators.

vgc/v Insartlon loss Output power at

‘(-1 )’dM

10 0.92 27.4

1 0.92 20.8

0.5 1.00 19.8

0 1.00 IB.4

-0.5 1.00 18.1
-1.0 1.28 15.6

-2.0 1.90 11.0

-2.5 2.40 6.7

in tha high frequancy region, XCgc <<Rgb the potential of

tha gata Is approximately VL + VF/2 (Vgc = O). While VF is

small, one end of the gate is revarse biasad by VF/2, the

other forward bias by VF/2, as Cgc!s at Jeither and of the

gate! are equal and form a potential divider. The “egatlve

faedback effect of RL Is elimlnatad. As the signal applied

to the FET is increased, the potential at the gata wI II fall
towards VL with a positive signal at A, due to the voltage

dependant nature of the ‘two* gate channel capacitances.

When VF = Vth, the threshold voltage of the FET, current

saturation will occur, the saturated current w! II be greater
than Idss because the gate to source junction is effectively

forward bias. Compression IS by synunetrlc clipping of the

r.f. waveform, (Fig. 9).

i!i) Estimating High and Low Frequency ldB

ccinpression Point for Switches In the
ON State

At low frequencies the current in RL can be approximated by

IL = 10 sin wt when Iosin wt < Isat

and IL = Isat whan Iosln wt > Isat

The power dissipated In a 50 load can be compared with the

power which would be dissipated had a sinusoidal current

been present. Adjusting 10 until

2T
10ILog (50i02/2)/(5JM lL2(t)dt)]= 1

20

‘(-1 )
/dBm~20 log (lsat/mA) -12.21

isat }s taken frcin the bare FET using a plot of Vg/lds
versus Ids (Vds greater than threshold). Isat occurs at the
point whare Vgs/lds = RL on this plot.

For symnetrlc clipping

P~-l)/dBm =20 log (lsat/mA) -13.89

Isat= Ids (Vgc=+0.4V, Vds>Vth)
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Table 2 shows a cwnparlson between measured and estimated

ccsnpression points for 300 and 600pm wlda s.witch FETs.

Product P35-4205 P35-421O Unit
( FET) (30@m) (600pm)

PL measured 17 to 19 19 to 21 dBm
PL calculated 18.3 22.0 d&n

fL maasured 30 MHz

fL calculated 45 MHz

PH measured 24 to 26 27 to 32 dEm
PH calculated 25.7 33.0 db

- SIS3WALIS4KATIONPERF~

When the FET 1s in lts Isolated state Vgc<-Vp, Cgc 1s

Rc Is large. In Fig. 7 a negative cycle at A acts to

the magnitude of Vgc at that end of the channel.

reverse bias drops below Vp, isolatlon degradation

small,

raduce
Whan

cccurs

and currant flows in the load. A positive cycle

at A causes gata channel reverse bias and VF, the voltaga

across the FET, to increase. Two ef f acts occur, gate to

channal breakdown at very large slgna Is, a smal I but rapid I y

i ncraas i ng I eakaga currant in the channe I and at much Iower

signal levels. Varlatlon in Isolatlon with control voltage

and power of a 30@m FET 1s shown in Fig. 10.
The opt i mum contro I vo I tage depends on severs I 1nter-re Iated

factors, particularly Vp. Ideally VP should be as small as
possible. Vp 1s related to lmpl antat ion dapth end doping

concentration as is insartion loss In tha low loss stata.
Breakdown voltage is inversely proport Ions I to doping

concantrat 1on. For a g i van braakdown vo I tage and mln i mum

insertion loss Vp can be I Imlted by reducing the extent of

the !tai 11 on the implantation prof i le. The tal I has a

signlf leant ef feet on Vp and leakage current and has been

I lmited substantial I y by Plassey Three Five using a novel

impI antat i on scheme. In practica I appl ications the
magnitude of the contro I VOItage w! I I ba chosen to be as

smal I as possible to ease driver spaci f i cat ion and
ccmpatl bl ity with the required powar hand I i ng capacity.

cmcLusloNs

A I arga signs 1, bias dependent, 3-port analysis of switch

FET model I ing has been presanted. The models provide

circuit designs with the abi I lty to estimate large signal

power hand I i ng characterlst Ics of MMIC switch designs.

without i mnadi ate recourse to ccmp I ex non-11 near CAD.
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Figure 2 Variation of gate to channel capacitance
Co., and total FET series resistance Rc + 2RS as a
fufiction of gate to channel voltaga
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Figure 3 Agreement between mlodelled and
measured s-parameters of a series MESFET switch
wit h channel biased close to pinch-off.
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Figure 4 Comparison of modelled and measured
insertion loss performance of a common gate switch
FET at various gate to channel voltages.
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Figure 5 Effect of gate biasing resistor upon the
insertion loss of a series connected MESFET switch
in its low loss stata

a. 300 pm wideFETwith4000n9.1. resmtor
h 300pmFETwith8000Qresistor

500 c 600pmFETwith300nresistor
d. 600pmFETwith4000!7resistor
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Figure 6 ldB gain compression as a fu;ction of
frequency for series connected switch FET’s shows
the effect on performance of the gate blocking
resistor.
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Figure 7 Voltages associated with a series
connected FET switch.

Figure 8 Asymmetric clipping of r.f. wave form in the
load of series connected FET switch in the low loss
state at “low frequencies”.

Figure 9 Symmetric clipping of r.f. waveform in the
load of a series connected FET switch in the low loss
state at “high frequencies”.
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Figure 10 Isolation vs. control voltage for a 300pm
series switch FET.

408


