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ABSTHACT

A i - 40 GHz hybrid ampllfler with 10 dB minimurr
-a.” .. .5~-~. Ut’

..-.— — ,------ZC 40 Gllz arid usilly G. 3 micron rm>rLls

1s presented. C,r’r :i~~pl: i< ‘/- 1 dB in the 1
:C 2!5.5 GHz range. Maximum noise flguIe is
7.5 dB In ~n~ ~ - .b GHz ,d,ge, dnd output
;~:”.~~ J: one dB gain compression is 11 dBm.

p= ~iic.tilt includes a i-40 GHz oiasing system.
Device S pr.[.rr.c :$:: ‘~srf, l.+;,scr~!d in the
1 20 GH.z band. and static measurements we~e used
to derive ar! equ~vdient cilcult of the FET
,n.A...- ..--.. --.-J ---- . . . ..L.”U.J,LJ to v.c.~ yuuu cLyL&lllWt LJeiween
simulations and measurements up to 40 GHz.

,,IC ,keCU Iui ~i~cL~uillc wa[iale receivers wltnm.....,

a i ways widening frequency ranae has recentlv
)-? .I..it= -::-::.. a:: .K2J.LJCL..J:AS ::

2-40 GHz amplifiers (1], (2), (3), (4). All of
tii~S~ lepul Led LieVIC~S ?itt?

-----
Iwu w, and the most

recent ones are based on HEMT material.

But the cost and reliability of HEI’4T millimetrlc
devices, ds weii as the problems lnvoiveci with
IJfI c integration of high value capacitors
req-oired iI1 d 1-40 Giiz passive biasing system,
led us to choose ~ hybrid MESFET based
t~~hil~~~~~- to ~“=~i~~~ d ,~lIW~iy i[l~f?grr?bie 1-~~

GHz amplifler.

~i5ti~~tite~ amplifiei~ ildve ciemuust~dted uitra
wide band performance for long. But the design

~_:~ @z2: a aMpl iflei tises t Wo major
problems :

Prlmerly, the gain performance in the higher
frequency i.al!ge, whicil is malniy riepenaenr on
the optimal number of FET cells and of their
=l~il=ift.=i~- ~?it~ w“iritii.

Then the lower-band gain, which is directly
1Inked with the implementation of a high-
performance biasing system, providing both gate
and ciraln Ilnes with the required termination
and bias inpct.

Another poin”, to ne~ii:ur. ~ti Lid”: simulation, to
be effective ?.t h~gher froTJeP.ny, must take into
account every parasitic e 1ement introduced by
tne technolujy, Stictl 3s
turn out to he

‘Cpel:-cnd effects which
vcdor Cstixct?ti in conventional

CAD softwares for frequencies above 20 GHz (5).
This also :s~~ires a reproducible, long
experlenceci technology, and a comprehensive
simulation of tolerances Involved with the
manufacturing.

‘The overaii electrlc circuit for one distributed
stage is presented in fig. 1 and incorporates
six u.3 x 64 microns FETs.
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Fig. 1 : Schematic diagram of one 1-40 GHz
distributed amplifier stage.

The gate-iine termination consists of a simple
resistance and a bypass capacitor. A series
resis~or was added to avoid unstabillty
problems. The drain-line termination, designed
to carry drain current towards the FETs, is more
complex : it consists of three eeries R-C cells,
snuntlng a simple transmission line. This
passive network achieves 1-40 GHz performance,
with no aaaeci power consumption nor yield or
reliability degradation.
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‘!iieclrcui~ nas Deen lmpiemfaced on 254 microns
thick alumina, all bonding wires being
17 microns goia wires. A photograph or the two
stages amplifier circuit is shown in fig, 2 v:i.Lil

a close-up on the active devices in fig. 3.

Fig. 2 : ph(;:.~glq)l,o! :.P,s ro::.iz.f:d two-stage.
amplifier.

+!
Fig. 3 : (llosf?-upon the artive devices
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The device used ir, this amplifier is a
commercially available THOMSON-CSF MESFET. The
ECi840 is composed of two independent cells.
each cell with two 32 microns gate fingers. The
qate lenqth is 0.3 micron. The geometrv of this
device is presented in fig. 4.

1 I

400 x 300
microns

Fig. 4 : Geometry of the THOMSON-CSF EC 1L140.

The typical RF performance measured on one
64 urncell are :

iYAG: 113cif3at 40 GHz..

NF : 1.9 dB at 18 GHz with an associated gain
of 11 dB.

Static and low frequency S parameter
measurements were performed at various biasing
points such as zero current, positive drain
bias, to +I!”tractextrinsec elements of the
equivalent circuit. This was done following the
technique described in (6) and (7).

S parameters were measured from 1 to 20 GHz and
the intrinsec equivalent circuit was derived.

The equivalent circuit for one 64 microns cell
is given in fiq. 5 for nominal bias point Vds =
3 V, Idss = 13 mA.

I I I I
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Fig. 5 : Equivalent circuit of one EC 1840 cell.
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‘i’tie very low value of tne ilipllt capacitance Cgs
allows the use of fairly high inductances, thus
enabllng the implementation of the amplltier
using conventional bonding mel !I;ds ,I]i ilx:~ t
degrading the high cut-off frequency of the
artificial gate transmission line.

The high frequency potential performance of this
device is clearly shown by the high gm/Cgs ratio
(45’imS/pF). A transconciuctance of jUU mS/mm is
typically achieved at idss, and The typicai
pinchoff voltage is 1.5 V.

A computer SimuldL.i.uil uf ~he (uwJ~*~e Lwu-s~dge

ampl 7.f i e r using this equivalent circuit 1s
compared with actual performance in fig. 6.

AMPLIFIER’S MEASURED PERFORMANCE
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Fig. 7 : 2-18 GHz Noise Figure of the two stage
amplifier

---- :Vds=3V, Vgs=OV, Ids =170mA
Vds . 3 V, Vas = - 0,2 V. Ids . 130 mA

Practical realization has led to a very good fit
between predicted and measured performance :

As shown i:: i!,G. f al 1.<[,;:sc? t:,iir~ G: 15 dB i:-
achieved, with a ripple of +/-1 dB in the
1-26.5 GHz range.

The minimum qain
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Fig. 6 : Simulated (---) and measured (-) performance of the two stage 1-40 GHz amplifier.

Noise fiqure measurements have been Derformed in compression Doint at 11 dBm. and
the 2-18 GHz band. A maximum -of 7.5 dB was
obtained for two stages and 15 dB average gain
at minimum noise bias (Vds = 3 V and VgS .

- 0.2 v). Noise figure has also been measured
for maximum gain bias and reaches 8.5 dB in the
same frequency range. Actual performance is
presented in fig. 7 for both bias points.

Gain variation versus temperature has been
measured in the - 40/+800C range and is about
the same as for conventional 0.5 micron FET
devices, i.e. 0.018 dB/cJC per stage, leading to
a +/-2 dB gain variation in the whole
temperature range.

a satured
output power of 14 dBm. The saturation
performance is presented in fig. 8, together
with second harmonic level. It can be mentioned
that this output power is achieved with only
384 microns of total gatewidth for the outout
stage, leading to a 3~i mW/mm performance {at
1 dB compression point). which is higher than
previously published 2-40 GHz MESFET based
amplifiers.

Output power, measured at 6 GHz, shows a 1 dB
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CONCLUSION

This paper has described a directly integrable,
w zi-40 ‘“- hybrid ampiifier using U.3 micror,

MESFETS.

Results show excelient performance and very goo~
dgreement between simulation and actual
measurements.

We demonstxzt?c l-~:? G)!: ?.m~liiier with 15 dE
average gair end +!-! dB ripple in the 1 tc
26.5 GHz range, with a minimum of 10 dB at
46 Giiz.

Noise figure is better than 7 dB in the 2 tc
18 GHz range, and 1 dB gain compression point
is ii aBm.

Special thanks to MM. DEREWONKO and DELAGE-
BEAUDEUF at THOMSON-CSF/DAG for their help in S
parameter measurements.
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