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The growing demand for high-speed, low-cost, and low-overhead I/Os in today’s
electronic systems, has been addressed by three general categories of intercon-
nects: electrical, optical, and wireless. The electrical interconnects are the oldest
and have improved the most, where bit rates in excess of 20Gb/s are achieved
over a pair of conductors [1]. At such high bit rates, these serial links must han-
dle transmission line loss, dispersion, impedance mismatches, and electromag-
netic crosstalk among multiple lines requiring sophisticated designs, often need-
ing equalization, with their own cost and overhead limitations [2]. Optical fibers
as interconnects do not suffer from similar bandwidth limitations or cross-talk
issues. However, they require additional electrical-to-optical (EO) and optical-to-
electrical (OE) conversion devices for generation and detection of optical signals
[3], which impose serious constraints on power consumption, cost, and foot-
print of optical interconnects. Wireless connection at millimeter-wave frequen-
cies can also be used for short distance connections [4]. While they provide the
most versatility and are a promising option, additional development is still nec-
essary to scale them to a highly parallel system with multiple channels running
concurrently.

This paper presents a 12.5+12.5Gb/s full-duplex plastic waveguide interconnect
solution based on millimeter-wave signal transmission. The plastic waveguide is
simply a long solid piece of plastic that provides a very simple, versatile, flexi-
ble, and low-cost transmission medium that has the main advantages of optical
fiber in isolation and bandwidth, without the need for costly EO and OE. The
dielectric waveguide does not need to be connected electrically like the wire or
aligned to micron-level accuracy like optical fibers. It can be bent and twisted
without significant impact on the signal. Compared to the wireless link discussed
earlier, it offers additional signal isolation and confinement. Thus, it can be
extended over much longer distances due to the low attenuation in the wave-
guide (as opposed to free space) and multiple independent lines can be run in
parallel to increase the bandwidth.

In our proposed plastic waveguide link, the TXs and RXs are fully integrated in
CMOS, and the waveguide couplers can be fabricated in a conventional resin
package without additional cost. In our existing setting there are a transmitter
and a receiver operating at different carrier frequencies on each side of the wave-
guide, making it possible to realize a full-duplex solution. Because of the small-
er fractional bandwidth for the millimeter-wave transmission, no equalization cir-
cuit is required.

Figure 8.5.1 presents a diagram of our proposed solution. It consists of a pair of
transceivers A and B, and a plastic waveguide. Transceiver A contains a 57GHz
RX and an 80GHz TX, and Transceiver B contains an 80GHz RX and a 57GHz TX.
This combination allows for a bi-directional full-duplex transmission. An alterna-
tive is to place both TX on one side and both RX on the opposite side, doubling
the one-directional simplex data rates.

In Transceiver A, a differential baseband signal is fed to baseband inputs, upcon-
verted with an on-chip 80GHz TX LO and an 80GHz upconversion mixer. The out-
put is amplified with an 80GHz TX amplifier and coupled to the plastic waveguide
at the 80GHz port. The signal travels over the waveguide, and is coupled to an
80GHz LNA in Transceiver B. The amplified output from the 80GHz LNA is deliv-
ered to an 80GHz downconversion mixer and to an 80GHz RX LO via the injec-
tion path circuit, where the signal is coherently downconverted to the baseband.
Similarly, in Transceiver B, a baseband signal is upconverted to 57GHz, and cou-
pled to the waveguide at the 57GHz port. The propagated 57GHz signal is down-
converted to the baseband in Transceiver A.

The isolation between 57GHz and 80GHz channels is a challenge in implement-
ing this 12.5+12.5Gb/s frequency division full-duplex system. To reduce the
interference due to the leaked signal from the 80GHz TX to the 57GHz RX, a trap
circuit is implemented in the 57GHz LNA. The trap is realized utilizing a series
resonance comprising inductor L1 and capacitor C1 as shown in Fig. 8.5.2. In
simulation, the trap reduces the gain at 80GHz by 15dB. In the 80GHz LNA, the
top and the second-top metal layers in the inductors L2, L3, L4 and L5 are con-
nected together with vias to reduce the series resistances. The simulated Q of
the inductor is improved by 50% at 80GHz compared to the one with the top
metal layer only. Even though the fractional bandwidth is reduced with higher
inductor Q, enough bandwidth is still maintained at 80GHz, and comparable gain
to the 57GHz LNA has been achieved. 

The 57GHz TX has a saturated output power (Psat) of 0dBm at 57GHz, a 3dB
bandwidth of 8GHz, and a power consumption of 29mW at a supply voltage of
1.1V. The 57GHz RX achieves a peak gain of 31dB and a 3dB bandwidth of
7.5GHz with a power consumption of 42mW. The 80GHz TX has a Psat of 0dBm
at 80GHz, a 3dB bandwidth of 9.5GHz, and a power consumption of 27mW. The
80GHz RX achieves a peak gain of 21dB and a 3dB bandwidth of 10.5GHz with
a power consumption of 45mW. The measurement results are summarized in
Fig. 8.5.3. By improving the coupling efficiency, the output power can be
reduced. Therefore further reduction in power consumption is possible.

To evaluate the performance of the system, each transceiver chip is mounted on
a printed circuit board with a chip-to-waveguide coupler. A pair of quasi-Yagi
antennas for 57GHz and for 80GHz is utilized as couplers, as shown in Fig. 8.5.4.
The measured coupling efficiency to waveguide is –10dB at the 80GHz port for
a 5cm-long waveguide. The measured isolation between the 57GHz and 80GHz
ports is more than 20dB from 40GHz to 110GHz.

Baseband-to-baseband (BB-to-BB) transfer functions are measured with a spec-
trum analyzer and a signal generator, as shown in Fig. 8.5.4. Many different
materials can be used to make the waveguide. As an example, a 120 mm poly-
styrene waveguide with a thickness of 1.1mm and a width of 8mm is employed.
The exact thickness and width of the waveguide are not critical in the system,
and reliable signal transmission with waveguide of different sizes and materials
has been demonstrated. This plastic waveguide solution does not require a com-
mon DC grounding voltage between TX and RX for the operation and is com-
pletely isolated electrically.

Figure 8.5.5 shows the demonstrator setup and measured eye diagrams. The
fabricated demonstrator achieves full-duplex transmission of 12.5Gb/s ASK
modulated signal in each direction over the 120mm polystyrene waveguide. The
observed BERs for both 57GHz and 80GHz channels are less than 10-12 for 27-1
PRBS. As another example, uncompressed video at 4.3Gb/s has been transmit-
ted over a 1000mm plastic waveguide. 

With advancement of CMOS process, it is possible to shift the operating frequen-
cy higher, transmitting more channels on the same waveguide. The results are
summarized in Fig. 8.5.6. The demonstrated chips are fabricated in 40nm low-
power logic CMOS. The chips have active area of 0.4mm2 and their micrographs
are shown in Fig. 8.5.7. 
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Figure 8.5.1: Block diagram of the presented full-duplex plastic waveguide
interconnect.

Figure 8.5.2: Schematics of the 57GHz and 80GHz LNA and their simulated
gains.

Figure 8.5.3: Measured performance of TXs and RXs.

Figure 8.5.5: Demonstrator setup and the eye diagrams at RX outputs. Figure 8.5.6: Comparison with other work.

Figure 8.5.4: BB-to-BB transfer function and the measurement setup.
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