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ABSTRACT

This paper presents a novel design technique that allows the

noise figure of active recursive microwave filters to be

reduced to a level approaching that of low-noise amplifiers

(LNA). The measured noise figure of a MESFET-based 10

Cl Iz first order MMIC filter is 4.3 d13, less than 1 dB higher

than that of the 1.NA included in the filter. The filter is

compared to a more conventional recursive filter with respect

to noise and power behavior. A fifth-order filter with a
simulated noise figure of 5 dB is also presented.

INTRODUCTION

In recent years, interest in active microwave filters has

increased considerably because they may solve the problem of

implementing high selectivity filter designs in monolithic

microwave integrated circuits (M MI C). Another positive

aspect of active filters is that most of them can be made

tuncable. 130tb these advantages can lead to increased

integration and new possibilities in various microwave

communication systems.

One interesting application is to use tuneable active filters to

reduce the vulnerable band width in the array antennas of

frequency hopping radars. In this type of system, the filter

noise figure together with the power linearity, both inside and

outside the passband, are of great importance.

The recursive active filter [1 ][2][3] is one of the promising

candidates for this kind of application.

T13EORY

A recursive filter of the first order is schematically described

in figure 1<
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Figure I: Schematic description of a first rrrdcr rccmsivc filter.

G is the gain of an ideal amplifier anti ~is the time delay of an

ideal delay element. The ideal coupler connected to the input
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has a voltage coupling factor of/3 with ICX12+ 1/312=1,and the

ideal coupler connected to the output has a voltage coupling

factor of ~1/2. (Ji, (Jo, and U, are the signal voltages at [be

input, output and in the feedback loop respectively. From the

schematic, the filter transfer function, 1I(o), can be derived as:

H(d)) = d IPIu“(o) _ 1- 2
u,(a)) d!i

(1)
_E__ ~e-jur

/3 and G determine the filter’s ultimate rejection, AH, which is

given as:

(2)

To obtain a stahlc condition, it is ncccssary that the

denominator in equation ( I ) is larger than zero, i.e. G<J2//3.

‘fhc noise Iigurc fbr this type of Iiltcr depends mainly on how

much the signal power level decreases before it enters the

amplifier and on the noise figure of the amplitler itsclt’.

]lcncc, by decreasing the coupling factor ~, a lower noise

figure can be achieved. I lowever, to maintain a high A/l, the

dccreasc in ~ musi be compensated for by an incrcasc in

ampliricr gain G, which will result in a higher filter

amplification ll/(Co)llntiX. This can be compensated for by

changing the output coupling factor.

The amplifier can also be placed in the feedback loop as in

[2j. This gives lower ll[~fo)l,n,x and lfl(’~)l,~i,, which sometimes

can be advantageous, but on the other hand, this configuration

will result in an increased noise figure.

F’ILIWR DESIGN

To evaluate the proposed low-noise design technique, two

different types 01” recursive MMIC filters of the first order

were designed.

Type 1: With a Wilkinson 3 dB power divider at input and

output [ ]], as shown in Figure 2.

Type II: An improved type with a 10 dB l/4-coupler at the

input and a Wilkinson power divider at the output, as shown

in Figure 3.
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The filters were processed at the GEC Marconi foundry using

the F20 0.5 pm MESFET process.

Figure 2: Photo-print of the rccorsivc MM[C filler (type [).
Chip size: 2.1 x 1.5 nm2

Figure 3: Photo-print of the low-noise rccmsivc MM IC flltcr (type

Chip size: 2.5 x 3.1 mm2

The amplifiers included in the designs have the following

simuhttcd 1gain, S,zl, and noise figure, NF,:

● Filter type 1: S,21= 6 dll, NF:,=2.5 dll at 10 Gllz

● l~iltcr’l”ype 11: S,,zl= I I dll, NF,I=3.3 dll at 10 (illz

11XI>121?IMI;N’I’AL R1lSUI.TS

Sinlulaiioos, on-wal’cr S-par anlclcr and noise I’igurc
mcasurcmcnts oil Illtcr I and II are showII in (IIC Iigurcs 4, 5

an(i 6.

‘1’hc InCZISUtCCl small signal performance of [hc Iiltcr type i a(

10 (“ii Iz ccnlcr frequency is:

● l’illcrgail], S7,= 5 (111

● input ma[ching, S,, = -9.5 dll

● otltput matching, Szl = -7.5 dll

● I’illcr noise ligurc, NIJ = 5.4 dl]

● 3 (ill ixln(i wi(itil, B= 650 Ml lZ (6.5(X)

The measured smaii signai pcrforrnancc of tile iow-noise fiikx

(type Ii) at 10.2 Gi-iz center frequency is:

● fiiler gain, S~l= ifi (ii]

● ini>ut matciling, SI 1 = -5 cill

● OLl[ilLlt lll:ltChi O& S22 = - I ~ (ii]

● filler I]oisc ligurc, Nl; = 4.3 (ill

● 3 (ii] ixin(i wi(iti], i]== 400” Ml ix (4(%,)
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Figure 4: Simolatcd and measured S-parameters fbr filter type I.
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For both filter types, the agreement between experimental

results and simulations on Szl is relatively good. For the filter

t

;.~

A i
type [1, however, measurements showed a slight shift in center

;; : frequency compared to the simulation.
,{ :
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Flgurc 5: simulated and measured S-parameters for tiltcr type
rrnise).
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Figure 6: Simulated and measured rroisc tigarc tbr both filter types.
l;stimatcd mcasurcmcnt crrrrr: t 0.3 dIl (absolatc) , f (). I dll (relative).

As shown in figure 6, the noise figure of the filter type 11 is

improved by about 1 d13 compared to lhe iilter type [. ‘1’hc

improvement was less than what was predicted by the

simulation. one explanation, together with inaccurate device

noise models., coLIld be that the two filters were processed in

different process runs.

Since this type of filters are based on positive feedback,

stability considcratioos and bias sensitivity are important.

F’IIW1l-ORDER FILTER

A fifth-order filter at 9 GHz has been desigocci using a

multicellular approach [3], where several first order filters,

slightly separated in f’rcqoency, arc connected in cascade. The

first cell is a low-noise cell, similar to the Type II filter but

with Icss gain, followed by four cells, similar to the Type 1

filter. Simulated S-parameters and noise figure are shown in

figure 7. Also shown is S~l for the first filter cell.
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Figarc 7: Simulations on a tiftb-order Iow-rmisc tiltcr and S,, for its first
CC1l.

POWER IIEIIAVIOR

In many applications, filter performance in the presence of

high-power signals t)olh inside and otllsi({c the liltcr passband

is of great importance. The power linearity for the filter type I

is shown in figLltY3 8 for di Ilcrenl frequencies.

The OLltpLll power COOlprCSSiOn pOiOt iS ] ~ ({[301 ad the inpUt

COOlpr C!SSioll” point was ~OLIOd k) iOCIUSt3 by iIboLlt lk same

amoLlnt cs the small signnl rejection of the filter. (C.’omp arc

[igLlre 8 to Iigurc 4)
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The measured intercept point (IP3) at the input of the filter

type I is 13 d13m at center frequency. Ibis agrees well with

the simulations shown in figure 9.
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Figure 8: Mcasarcd power linearity at different frcqucncics for tiltcr type 1.
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Figure 9: Sirnalatcd intercept point (11>.3)for the ciiffcrcnt tiller’ types.

Figure 9 also shows the simulated frequency behavior of 11’3

for all three filters.

As seen, IP3 increases with (he filler rejection km fitter type 1

and Il. This behavior is similar to the one observed for the

input power compression of the filler type I (compare with

figure 8).

on the other hand when figure 9 is compared to flgurc 7 it is

seen that the simulations on the fifth-order filter show that IP3

at the band edges docsn’t increase by the same amount as the

filler rejection. This is due to the fact that it is the active

components in tbc first filter CCII that mainly determine the

power behavior of the complete cascade, i.e. the hanci width of

this single cell will decide the filtering properties of large

signals for the complete tiller.

This presents a (irawback in applications wbcre filtering of

strong signals is (Iesireci. But for itnage rejection it still can bc

appropriate.

CONCLUSIONS

A new method of itnproving tbc noise performance of active

microwave iilkrs based on recursive principles has been

presented. A reduced noise figure is acbicved by minimizing

the coupling cocf(icicnt of the coupler at the filter input. In

orcier to evaluate the method two cfi fl’crent types of first order

liltcr were ciesigncd using MESFET MMIC technology.

Measurcrnents on the low-noise filter showed a 16 dll gain

and a noise figure of 4.3 d13. The noise figure is improved fly

about I ci13 compared to a more conventional recursive filter,

with a 3 df3 power cornbincr at input, and is Icss than 1 d13

higher than the I.NA included in the IIlter. Tbc mctfmd was

further applied on a fifth-order filter showing a simulated

noise figure 01’5 d13.

By using a standard IIEM’l_ process instead of a MESF33T

process the noise figure can be fhrther improved.

Tuneability can easily be achieved in recursive filters by

means of small modifications, opening up many applications

in various microwave systems.
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