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Wideband circuits find applications in various fields such as high-
speed links, broadband radio transceivers, high-resolution radar
and imaging systems. Recently, distributed amplifiers (DAs) with
large bandwidths have been reported in bulk CMOS and SOI tech-
nologies. For example, [1] reports a DA with a peak gain of 7.4dB
and the 3dB bandwidth (BW) of 80GHz while [2] reports ldB of
gain using SOI technology providing BW of 90GHz. Others have
also reported high BW DAs in CMOS [3-5]. In [6] the authors have
used cascaded stages and inductors with stagger tuning to extend
the gain. However, this method sacrifices the robustness of the DA
design and makes it vulnerable to process variations and modeling
errors. Also, the number of synthesized transmission-line elements
at the input being limited, input matching degrades and the noise
contribution from the input termination resistor increases.
In general, DA building blocks have several major shortcomings
once they are implemented in a silicon-based process. One major
issue is the relatively low gain they provide that is inadequate for
many applications. Another challenge is the implementation and
modeling of inductive elements for the synthesized transmission
lines on silicon substrates. For deeply scaled processes with cutoff-
frequencies close to or beyond 100GHz, the performance of the pas-
sive elements (in terms of the number of metal layers and other
RF-process options) plays a very crucial role in the achievable gain
and BW.
In the presented DA architecture, we propose a feedback mecha-
nism that aims at improving the gain with a minimum reduction
in BW. In Fig. 9.9. 1, the forward gain is defined from port 1 to port
3 and the reverse gain is defined from port 1 to port 2. It is seen
that in the band where the distributed effect of the DA is in action,
the ratio of the forward to reverse gain is substantial (and depends
on the number of stages used). This phenomenon has been exploit-
ed here for the first time to utilize a feedback circuit to connect out-
puts 3 and 4 (Fig. 9.9. 1). The signals that are amplified to port 3
from port 1 experience the gain for a second time as they are going
through from port 4 to 2. The undesired reverse gain from ports 4
to 3 is low as predicted above. The input and output blocks are con-
nected to this core stage to provide matching and stability. This
method is different from other techniques that improve gain (e.g.,
cascade of DAs or mnatrix amplifier) in that it uses a new internal
feedback to let signals go through one DA twice. The input, core
and output DA blocks consist of 4/3/3 gain elements respectively
and are similar to Fig. 9.9.1 except that the core DA uses series
input capacitances at the gates for BW enhancement and biasing
purposes. Terminations Z, and Zy are chosen to minimize unde-
sired reflections. The complete block diagram is shown in Fig. 9.9.2
where it can be seen that the feedback forces signals to flow
through the core amplifier twice. The input and output biases are
fed through appropriate bias tees. The lower cutoff of the DA is set
at 12GHz for our application in a wideband mm-wave imaging
module. This frequency could be extended to frequencies close to
1GHz if appropriate AC-coupling capacitors are used.
In DA applications, transmission lines are often used to provide
well-defined return paths for the current and hence they provide
accurate and scalable models. Coplanar-waveguide (CPW) lines
provide lower loss (for the desired impedance range) compared to
microstrip transmission lines. However, high impedance CPW
lines have a very large line to ground spacing that would cause
extra shunt losses from the substrate especially at moderate to
high frequencies. The silicon CMOS substrate being relatively con-
ductive would increase the total losses considerably. To alleviate
this problem an elevated CPW structure is developed that raises

right spacing, the lateral capacitance of the line is reduced and the
physical distance between ground and signal is increased. This in
turn helps to reduce the required lateral spacing and hence the
shunt losses for the desired impedance range. The other side-effect
is the slight change in the velocity of the waves in an elevated
structure that is predicted by EM simulations. It is also possible to
add floating metal filaments to "shield" the substrate for decreased
losses. The shielding will result in a slight decrease in the imped-
ance of the line. Figure 9.9.3 shows the characteristic impedance
and the loss of the elevated lines for both the shielded and non-
shielded cases. For simulations, the substrate and oxide levels
have been modeled based on measurements on a series of CPW
lines. These models are later verified with measurements of vari-
ous resonant and non-resonant passive elements. All the simula-
tions are performed using a full-wave EM simulator (HFSS).
Another issue concerning DA design in CMOS is the selection of
the optimum device size. Conventional microwave DA design does
not provide optimal design when applied to CMOS. This is because
in CMOS technology, device sizing and exact topological layout
(number of fingers) is a free parameter and should be exploited. In
our analysis, we used a library of measurement-based device data
and optimized for best device sizing and topology. It is found that
the well-known optimum number of gain stages in a DA is very
closely linked to the device sizing and topology and a more appro-
priate design parameter characterizes both total width of all the
CMOS devices and also the break-up of this into single elements
and their specific layout architecture given BW and power con-
straints. Using this method, the 40gm cascode device is selected as
being closest to optimum. The cascodes are biased with 0.6V (gate-
bias) to draw 7mA from the 1.2V supply.
Measurements are performed using on-wafer probing. Figure 9.9.4
shows the S-parameters of the amplifier. As illustrated, the in-
band return loss stays better than 9dB and the reverse isolation
(S12) is better than 40dB. This is due to the use of cascode elements
and also the topology of the amplifier. The output 1dB compression
point varies between 3.7 and 0.3dBm and the noise figure between
5.2 and 6dB in the 15-to-45GHz band (Fig. 9.9.5). Noise figure is
measured using a noise source and noise meter for frequencies
below 26GHz (Method 1). Beyond this frequency, measurements
are done using the gain method with an external amplifier and a
spectrum analyzer (Method2). The discrepancy between the two
methods at 25GHz is 0.5dB. The chip is fabricated in a 90nm dig-
ital CMOS process (no extra RF options) with power consumption
of 84mW and chip area of 1.5xO.79mM2. The performance compar-
ison to previously reported CMOS DAs is given in Fig. 9.9.6 and
the chip micrograph is shown in Fig. 9.9.7.
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the signal path to above that of the ground. This way, with the



mi-derived Stcations

Figure 9.9.1: DA block with the m-derived matching sections.
Figure 9.9.2: Proposed architecture for overall DA configuration using internal feed-
back for gain boosting.
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Figure 9.9.3: Conceptual layout of the elevated transmission lines and measured
characteristic impedance and loss with and without shielding.
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Figure 9.9.4: Measurements of the proposed DA S-parameters.
1 -

6-

2-

-4,

.A

R.
a

_A ,,A- A
-1U

.
.

*1.a.. at output (dBm)
- -0 tNoise Figure Method 1 (dB)
-A Noise Figure Method 2 (dB)

10 20 30 40 50
Frequency (GHz)

Figure 99.5U.DA output power and noise figure measurements.
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Figure 9.9.6 Comparison with other CMOS DAs.
Continued on Page 606

40

tO 204

0B
E -20

a

Ref II] 21L 131 J41 515 616 This work
Tech. IP9M- 0.12gm SO- IP9M 9Onm 0.18gm 0. 13gm 0. 18gm IP7M 90nm

90nmuRF- CMOS CMOS CMOS CMOS CMOS CMOS
CMOs

GBW 190 320 157 62 136 394 660
(GHz)
S21(dB) 7.4 11 7 4 9.8 20 19

BW (GHz) 80 90 70 39 43.9 39.4 74

NF (dB) N/A 4.8 to6.2 6 to 6.9 N/A 2.5 to 7.5 8 to 9.4* 5.2 to 6
<18GHz <25GHz <40GHz <18GHz <45GHz

Sll/S22 <-10/ <-8 <-7/ <-5 <-7/ <-12 <-10/ <-10 <-14/ <-8 <-10/ <-20 <-9.5/ <-9
(dB)
PIdB 6 to 8* 12 10 N/A N/A 6.5 3.7
(dBm) I,25 GHz

Pdiss (mW) 120 210 122 140 103 250 84

Vdd (V) 2.4 2.5 N/A N/A N/A N/A 1.2
Area 0.72 1.28 0.72 3.3 1.5 2.24 1.19
(mm')

f, (GHz) N/A 196 160 51 N/A 50 100

IOOOFOM NFN/A 34.7 18 NF, P dBN/A PIdB N/A 19 51

*From the ISSCC presentation
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Figure 9.9.7: Chip micrograph.


