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A broadband cascaded multi-stage distributed amplifier
(CMSDA) is proposed and implemented in a standard 90nm
CMOS technology. The standard CMOS technology can offer gain,
bandwidth, and power performances comparable to advanced
compound semiconductor technologies [1]-[4]. The CMOS
CMSDA can achieve better than 7dB gain with a bandwidth of
70GHz. The measured 1dB compression point (P1dB) is 10dBm at
30GHz, the input IP3 (IIP3) is 9.3dBm at 40GHz, and the aver-
age noise figure (NF) is 6.4dB from 1 to 25GHz. 

The distributed amplifier (DA) architecture is well-known and
widely used in instruments, electronic warfare, optical communi-
cations, and broadband commercial/military radio systems.  The
state-of-the-art DAs in III-V and SiGe technologies have already
been demonstrated [1-4]. A record DA in SOI CMOS process is
demonstrated in [5] with high GBW using devices with fT and fmax

of 196 and 230GHz. Recently, high-performance DAs using stan-
dard CMOS technology have been demonstrated; the DA in [6]
shows a bandwidth of 22GHz with a 7dB gain, and the DA in [7]
has the  highest frequency of 39GHz with a gain of 4dB. The chal-
lenges of CMOS DA design at high frequency include conductive
Si-substrate and topology limitations. In this paper, a new circuit
topology with coplanar waveguides (CPWs) to reduce substrate
loss is demonstrated using a standard 90nm 1P9M CMOS tech-
nology, with a fT of 160GHz and an fmax of 142GHz. This circuit
indicates that standard CMOS technology is also promising for
broadband applications up to 70GHz with good output power per-
formance. 

In general, the travelling-wave architectures can be classified
into conventional distributed amplifier (DA) and cascaded single-
stage distributed amplifier (CSSDA) [8]. The architecture and
simplified equivalent circuit of DA and CSSDA are shown in Fig.
21.7.1. In order to improve the gain-bandwidth performance, a
CSSDA is investigated in hybrid circuit [8] and another CMOS
CSSDA with relatively low output power of –0.5dBm is present-
ed in [9]. The architecture, equivalent circuit, and equation for
available power gain of ideal lossless DA and CSSDA are shown
in Fig. 21.7.1 and 21.7.2, respectively [8].

Although CSSDA has a potential of higher gain-bandwidth per-
formance than DA, its output power is limited by the device size
of the last stage. Using larger devices, the output power can be
increased, however, larger devices have larger parasitic capaci-
tance and thus this approach limits the bandwidth. In order to
overcome this bottleneck, a new design concept to improve
CSSDA performance is proposed. The single cells of CSSDA are
replaced by distributed cells to construct a broadband CMSDA.
As in CSSDA, the CMSDA can have the following features: (i) the
characteristic impedance of the input and output artificial trans-
mission lines are matched to the 50Ω environment; (ii) the inter-
stage impedance can be optimized to boost the overall gain per-
formance [8]. Figure 21.7.3 shows the schematics of the proposed
CMOS CMSDA, which is a cascaded two-stage distributed ampli-
fier, and each stage is composed of two gain cells. Each gain cell
of the first stage is a common-source transistor connected with
CPW lines, and the second (output) stage consists of two broad-
band cascode architectures, providing high gain-bandwidth per-
formance. The input and output CPWs are terminated by 50Ω

polysilicon resistors Rog and Rod in series with bypass capacitors
Cb1 and Cb2, respectively. These capacitors with the inductance of
supply line introduce a low-frequency pole, and hence, the resis-
tor Rx is used to prevent low-frequency instability. The output
parasitics of M1 and M2 are coupled into the inter-stage trans-
mission lines, which also drive the output line through M3-6. The
gates of cascode devices (M5, M6) are bypassed using 1pF capaci-
tors (Cm5, Cm6) and for stability consideration are biased sepa-
rately through high-resistivity polysilicon resistors. The induc-
tances of the artificial transmission lines are all realized by CPW
with suppression of coupled-slot-line mode using underground
passes. 

S-parameters are measured via on-wafer probing, as shown in
Fig. 21.7.4. The measured gain is better than 7dB and the 3dB
cut-off frequency is at 74GHz with input and output return loss-
es of better than 7dB and 10dB. Reverse power gain (S12) is lower
than –40dB due to the good isolation of the circuit architecture
and the cascode gain cells. The total power consumption is
122mW. Figure 21.7.5 shows the measured results of the P1dB and
IMD3. The P1dB is measured at 20 and 30GHz with a 10dBm out-
put power. The IMD3 is measured at 40GHz. For a –16.2dBm
input, IMD3 is 51dB below the carrier which is equivalent to a
+9.3dBm IIP3. This MMIC features an average NF of 6.4dB
between 1 to 25GHz. The measured performances and compari-
son with recently reported DAs implemented other advanced
process technologies are summarized in Fig. 21.7.6. The die
micrograph of the fabricated chip is shown in Fig. 21.7.7. The die
size is 0.9×0.8mm2 including all testing pads and dummy metal.

The proposed miniature MMIC can provide good output power at
millimeter-wave frequency, high linearity and gain-bandwidth
performance, and represents the state-of-the-art broadband
amplifier in standard CMOS technology.
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Figure 21.7.1: Architecture and equivalent circuit of DA. Figure 21.7.2: Architecture and equivalent circuit of CSSDA.

Figure 21.7.3: Schematic of the CMOS CMSDA.

Figure 21.7.5: Measured P1dB and IMD3.
Figure 21.7.6: Summary of measured performances and comparison with
recently reported DAs in other advanced process technologies.

Figure 21.7.4: Measured S-parameters.
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Ref.

InAlAs HBT 5 <-5/<-5 50 89 8.0-9.0
<25GHz - - 89 2.52 [1]

InP HEMT 14 <-9/<-10 90 451 - - - - 2.75 [2]

GaAs HEMT 6 <-13/<-4 50 100 - 22
@25GHz - 1900 2.4 [3]

SiGe HBT 7 <-5/- 81 181 - - - 495 1.17 [4]

SOI CMOS 11 <-7/<-3 90 319 4.8-6.2
<18GHz

12
@20GHz 4.5 210 1.28 [5]

0.18 µm CMOS 7.3 <-8/<-9 22 51 4.3-6.1
<18GHz - - 52 1.35 [6]

0.18 µm CMOS 4 <-10/<-10 39 62 - - - 140 3.3 [7]

90nm CMOS >7 <-7/<-12 70 157 6.0-6.9
<25GHz

10
@30GHz 9.3 122 0.72 This
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Figure 21.7.7: Chip micrograph (0.9 x 0.8 mm2).
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