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Distributed circuits using transmission lines (T-lines) or induc-
tors exhibit high gain-bandwidth-products (GBW), as required
by broadband communication systems. In this paper, the design
of non-uniform downsized distributed amplifiers (DAs) is
explored. Conventional DAs employ a topology in which induc-
tors or T-lines separate the gain stages, yet the output currents
from individual stages combine additively [1]. Major sources of
performance degradation in any DA are the non-zero frequency-
dependent loss of the inductors and the non-zero output conduc-
tance of the gain stages, which in turn decrease gain and BW.
Previous works on distributed circuits do not consider the effect
of inductor loss and output conductances of the constituent gain
stages on the DA topology, leading us to an important question:
Considering non-zero circuit losses, does a conventional DA with
an optimum number of identical gain stages and segmental
inductors achieve maximum GBW and better noise performance?
To answer this question, mechanisms that affect gain and BW of
conventional distributed circuits are studied, while non-zero
losses are considered.

Equation (1) in Fig. 8.4.1 specifies the voltage-gain of an N-stage
conventional differential DA shown in Fig. 8.4.1, and shows that
the voltage transfer function of any conventional DA decreases
exponentially with the attenuation of gate/drain lines [1]. The
line attenuations, A, and A,, in the voltage transfer function of
Eq. (1) vary with frequency. Consequently, to arrive at a DA with
wider GBW, the variation of the line attenuation with frequency
must be studied. Simulations of conventional DAs have shown
that the gate and drain line attenuations become less frequency-
dependent as the cutoff frequencies of the gate and drain lines,
o, and ®,, increase. More precisely, a linear increase in the
attenuation of the line causes an exponential increase in the roll-
off of the magnitude response (c¢f. Eq. (1)), which in turn causes
an exponential decrease in BW. The bandwidth of the DA is
determined by frequency variations of the lines’ attenuations. On
the other hand, the DC gain of a DA is linearly proportional to
the transconductance of each gain stage, as indicated in Eq. (1).
These observations constitute the cornerstone of a new topology
for DAs that achieves a higher GBW than conventional distrib-
uted topologies. Because the bandwidth of the amplifier expo-
nentially increases with a linear increase of the cut-off frequen-
cy of the line, downsizing the inductance of the line and the
device size of each constituent gain stage will exponentially
increase BW, while linearly decreasing DC gain. However, the
first few stages of a DA contribute more to the overall signal
amplification, because the incoming signals to the first stages
have higher amplitude and average signal power than the sig-
nals traveling down to the last gain stages. This understanding
guides us to a non-uniform differential DA, shown in Fig. 8.4.2,
where the gain stages and inductors are progressively downsized
toward the load termination with a constant tapering factor, K.
This obviously means that g,, and parasitic capacitances of each
transistor within each cell become 1/K*" of those of the transistor
in the previous cell. The inter-stage inductor of each stage is also
scaled down considering the notion that each inter-stage induc-
tor is comprised of two series inductors, as also illustrated in Fig.
8.4.2. One inductor belongs to the T-section of the previous stage,
and another one (whose value is 1/K" of that of the previous
stage) belongs to the T-section of the next stage. To attain a zero

reflection from each tap-point, the characteristic impedances of
all the artificial LC line segments, Z, for 1 < k < N, are made
identical. In the circuit of Fig. 8.4.2, each differential stage
toward the load terminal is progressively downsized with a scal-
ing factor of K while keeping the characteristic impedance of
each LC section constant to achieve maximum power transfer
toward the load. Each differential-pair is neutralized using a
pair of cross-connected capacitors, Cj, as indicated in Fig. 8.4.1.
These capacitors are realized using MOS devices whose drain
and source are short-circuited. They are also scaled down with
the same scaling factor, K. A fully differential architecture sig-
nificantly reduces the sensitivity of the amplifier to substrate
and P/G noise appearing as common-mode fluctuations.
Moreover, progressive downsizing of the distributed circuit in
Fig. 8.4.2 minimizes the input-referred noise, and hence the
overall NF of the circuit, because it broadens the GBW of the DA.

A 3-stage fully differential non-uniform downsized DA with a
scaling factor of 1.5 is fabricated in a sbc18 SiGe process provid-
ed by Jazz Semiconductor, where only CMOS transistors are
employed in the design. A 1.8V supply voltage is used in the
design. The 1.8V power supply draws a DC current of 30mA.

A complete set of s-parameter measurements of the circuit are
carried out. Of particular interest is the measurement of differ-
ential-mode s-parameters. Figure 8.4.3 shows the differential
forward gain spp.;, and the circuit NF. The proposed circuit
exhibited a flat gain of +7.8dB+1.3dB for frequencies up to
17.5GHz. Using linear extrapolation, the 3-dB BW is approxi-
mately 25GHz, which is beyond the measurement capability of
the VNA. The NF measured by an HP8970S varied from 4.8dB
to 7dB over the 20GHz BW. Figure 8.4.3 shows differential-mode
reverse isolation, spp;9, and the input and output return losses,
Spp11 @nd Sppes, respectively. spp,is less than -20dB, and spp,; and
Sppee are less than -10dBm. The linearity and third-order inter-
cept measurements are performed using the Agilent 8565EC
spectrum analyzer. The measured input-referred 1dB compres-
sion-point at the input frequency of 12GHz is 4.2dBm. The result
from the two-tone test measurement at 12GHz is shown in Fig.
8.4.5. The proposed DA circuit exhibited an IIP3 of +4.7dBm.
Figure 8.4.7 compares the performance of the non-uniform DA
circuit with some other previously published works. [5] achieves
a 35GHz BW while dissipating more power and occupying more
area than the proposed circuit. Figure 8.4.6 shows the chip
micrograph. The circuit occupies a total area of 1.025x1.29mm?
including the pad ring. To minimize the parasitic effects of chip-
board interface, the chip is thus solder bumped, and flipped on
the board. Dummy fill shapes have blocked parts of the circuit.
The layout of the circuit is included for a better clarity.
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Figure 8.4.2: The circuit schematic of the proposed non-uniform down-
Figure 8.4.1: A conventional differential DA sized distributed amplifier
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Figure 8.4.3: Measured forward gain and noise figure Figure 8.4.4: Measured input and output return losses, and reverse isolation
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Figure 8.4.5: Measured two-tone test at 12GHz frequency Figure 8.4.6: The die micrograph and the chip layout
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Ref s, (dB) BW NF (dB) P3| Power | Vy(V) | Area (mm?) Technology
(GHz) (dBm) | (mW)
13 65%12 |0555 | 54-8(05-2GHz) | NIA 83.4 3 079 [0.6um standard CMOS
(single-ended) | (0.54GHz)
4] 55+15 |0585 8.7-13 N/A 216 3 1.3x2.2 0.6um standard CMOS
(differential) | (1.57.5GHz) 1-2GHz
151 41 35 NIA NIA 140 18 1.1x3.0 0.18um CMOS
(single-ended)
16 73%08 | 0622 4361 NIA 52 13 0.9x1.5 0.18um CMOS
(single-ended)
This Work 7.8 £13 25 487 47 54 18 1.025x1.29 [0.18um SiGe BICMOS usin
(differential) only CMOS transistors

Figure 8.4.7: Performance comparison of DA circuits proposed in [3]-[6], and

the proposed non-uniform downsized DA circuit
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