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ABSTRACT equalizer to provide the required feedback loop

response.
Technique of the broadband, low-noise matching of Y, Y

the amplifier input by means of a lossless capacitive L
feedback is proposed. Bandwidth exceeding one de- Main amplifier Output
cade with the noise figure on the order 1 - 1.5 dB and IN Volt. gain A, (j&) | butter | OUT
good input matching may be achieved with existing

MMIC technologies, which is one of the best noise f Phase and gain

characteristics reported to date. Prototype 0.5 - 5 GHz correction
amplifier achieves NF below 1.4 dB and good input Voit. gain A, (ja)
matching.

Figure 1: Structure of the feedback amplifier
INTRODUCTION

Well known techniques for broadbanding micro- Input _admj“anc‘? of th? amplifier is
wave amplifiers include: distributed and resistive feed- Yo(o) =Y, (jo) +J@Cf[1_p\
back circuits (eg. [1]) which have no low-frequency =Y —jo)Cf-A (je)1 @
ma vm

limitations but are noisy, and balanced amplifiers Thus the input matchingy( = ires that th
which consume too much area to be feasible in the' 4> € MPut matching k = ¥) requires that the

MMIC form below approx. 10 GHz. Series inductive correcting network has the response in the form given
feedback is successfully used in relatively narrow- y .
band amplifiers to obtain low noise and input matching. A, (jo) = - Yo - Yma(Ja))
This paper proposes the application of the capacitive VP jo)Cf- Avm(ja))
feedback, which may be used for bandwidths exceed- | ) ) )
ing one decade with no degradation in noise properties,ThIS EXpression may be approximated fairly accura_tely
This technique requires accurate modeling and controf" the limited frequency range. The feedback hgs little
of the circuit components to preserve amplifier stabil- effegt on the noise paramfeters. of the amplifier [2],
ity and is feasible with the mature MMIC technology. provided the feedback capacitaies small.

The response of the amplifier is limited by the on-chip
coupling capacitors and when these are attached exter-
nally, low frequency limit of the proposed technique
may be extended below 100 MHz.

(2)

DESIGN TRADEOFFS

The idea presented may be implemented with care-
ful consideration of several aspects:
AMPLIFIER STRUCTURE - proper selection of; andA,r,
- stability of the amplifier;
General structure of the amplifier is simple (Fig. 1) - selection of the input stage transistor geometry.
and consists basically of the low-noise main amplifier The tradeoffs in these areas are possible which influ-
with high voltage gain and the phase and gain ence the operating frequency range.
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Extension of the operating range towards low mic- feasible at low frequencies.
rowave frequencies requires that eitligbe increased
or the main amplifier voltage gain is sufficiently high. Simplified noise model of the microwave FET [4]
It may be shown that the increaseGnresults in the valid at low frequencies is presented in Fig. 3
deterioration of amplifier noise figure, so the gain of
the amplifier should rather be maximized. Because
MESFET and HEMT transistors have high output
conductance, per-stage voltage gain is low and usually
three inverting stages are required.

Amplifier stability may be violated if excess phase
shift exists in the amplifier. Detailed and accurate
modelling of the amplifier is ecessary to predict the Figure 3: Simplified noise model of the FET
response. This circuit was designed with Mero-
wave Harmonica[3] software which contains very where the noise sources are given by
accgrate models f_or passive components. Response q?f - 4KTR df W -C-2q
portions of the circuit was modelled to 60 GHz to __ ¢ nd n (3)
ensure stability. Discrete components design of this|2:4kTRgdf
amplifier is probably not possible due to large dimen-

sions and additional phase shifts. T is the transistor channel temperatliRejs the resis-
One of the problems encountered in the design is tance of the channel portion under th&Rgatq(
the stability of the input stage. The desigtessitates is the gate metallization resistance, and the dimension-
the use of wide-gate devices. In such transistors inter- less coeffihiemnthe model parameter (typically in
nal feedback loop is formed, as illustrated in Fig. 2. the range 0.15 - 0.3).
The feedback may cause transistor oscillation, typi- For the simplified FET model it may be found that
callyin the 20 - 80 GHz range. the optimum noise source condudEnie approxi-
Gate line mately is given by
_ 1. K,
Gsopt— Re(—)=w Cgs ()
Zsopt 1+K
Drain line where K - the coefficient dependent on the drain cur-

rent, but independent of frequency
2,2
4AKT df g, /i,y = 9,4/ 2KT, / C_

This loop, which results from the finite reverse isola- B
tion (s), cannot be avoided - only its length may be ’224gm / VCnId for To = 2%

minimized by proper transistor layout. Loop gain may Minimum noise figyreof the transistor is then

Figure 2: Internal feedback path in the input stage

®)

be minimized by heavy drain line loading, as in the 1 (R +R) |
circuit presented, where the cascode input stage was Fo= 1+ -9 c (6)
used. Low input impedance of the common gate tran- 2kT0df
sistor effectively breaks the loop thus maintaining
stage's stability. Thus higB,, may be achieved with the wide-gate
transistor (highC,y). It may be assumed, thgt + W
INPUT STAGE LOW NOISE DESIGN (total gate width)g,, = W, I, + W and thus|i W 2

The geometry of the input stage transistor resultsRe = 1MW andR, decreases with. Increasing transistor

from the requirement of the low noise figure with= width W should not raise thEn,, significantly, but the
500, because no on-chip impedance transformation isincrease irCq limits the upper frequency range of the
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broadband low-noise design with

CIRCUIT FEATURES

input matched. In the amplifier pre- § e
sented the total gate width was 450 I
um for 5 transistors connected in o |WQDUT
parallel. With 3 transistors NF be- B
low 1.5 dB is possible in the 1 - 10 OIH ]
GHz range. AR I —{

0.035pF 5

]

Simplified circuit diagram of
the amplifier designed according to
considerations presented is shown
in Fig. 4. Capacitive feedback aids
the input matching in the frequency
range of approx. 0.3 - 3 GHz while

classical series input inductance and source inductive

Phase and gain
Q correction

,,,,,,,,,,,,,,,,,,

.VG

Figure 4: Simplified circuit diagram of the BAMP6 chip
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Figure 5: Simulated voltage gaif:- entire amplifier,

2 - main amplifier A,), 3 - equalizer 4,

EXPERIMENTAL RESULTS

The amplifier expected to operate in the frequency
range of at least 0.5 - 5 GHz was fabricated in the
GaAs technology. The circuit was manufactured in the
D02AH 0.2 uym PHEMT process [5] by thhilips
Microwave Limeilfoundry. The layout in shown Fig.

7. Amplifier chips were tested with tHeéascadeon-
wafer probing station. Selected results are presented in

Figures 8 - 10.
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Figure 7: Layout of the amplifier. Chip size is 1 x 1.5
mm
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Figure 8: Noise figure versus frequency for several

amplifiers

Optimally biased amplifier has typical parameters:

- gain 26 dB +1.5 dB in the 0.25 GHz - 6.5 GHz

range,

- noise figure below 1.4 dB to 5 GHz,

- |Su| = - 8 dB inthe 0.5 - 10 GHz range an€dl0
dB in the 0.8 - 4 GHz range,

- output reflection is typically better than -12 dB
across the 0.8 - 10 GHz range.
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Figure 9: Gain [S,]) and input matching|$ |) for
several amplifiers tested lgt= 50 mA
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Figure 10: Input matching$,|) for several amplifiers
tested at, = 50 mA

Test results indicate that the response of the amplifier
is very repeatable due tBMheprocess features.
Computer simulation suggests that still better perfor-
mance is possible with minor adjustments to the proto-
type. Response at low frequencies is limited by the on-
chip input and output coupling capacitors. The circuit
is stable under various bias conditions.
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CONCLUSIONS

Very low noise broadband MMIC amplifier design
concept is presented. The idea of capacitive feedback
is feasible with tightly controlled manufacturing pro-
cess as the Philips' DO2AH. Prototype amplifier has
response exceeding decade bandwidth with noise figure
less than 1.4 dB to 5 GHz and typically less than 1.2
dB to 4 GHz with no components external to the chip.
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