D10-083

FE A F*38GHz[E 13 2 2L 5 Bk 7% - 57GHz IR [E 15818

Ffn76GHzEH BT ER K

ERRZ A THBE R

A Millimeter-wave Multi-Band Phase-locked Loop for
38GHz, 57GHz and 76GHz Applications
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Abstract

Motivation

As the technology of wireless communication evolved in
the past decades, radio links through millimeter-wavelength
(mm-wave) in CMOS technology has become reality.
Consecutive breakthroughs lead to an increasing attention
for the industrial purposes, which include 38 GHz for Local
Multipoint Distribution Service, 57 GHz for 60 GHz WLAN, and
76 GHz for Auto Radar System. As a signal source supplier in a
radio system, the mm-Wave PLL has been intensely studied,
exhibiting remarkable leaps in the technical domain. However,
most documents are focused on the single-band applications
such as 40 GHz , 60 GHz and 75 GHz. mm-Wave PLLs with
multiband functionalities are seldom discussed. It is foreseen a
trend of multi-band radio in the future, therefore in this paper,
a triple-band mm-Wave PLL (T-PLL) is proposed in standard 90
nm CMOS process. The proposed T-PLL is capable to provide
the required signal sources for 40, 60, and 80 GHz applications
by the integration of different injection modes with different
divide modulus (i.e. by-2, -3 and -4) into a single frequency
divider.

System Architecture

An ILFD self-oscillating at 20 GHz performs superharmonic
frequency locking to the signals from 40 GHz, 60 GHz and
80 GHz VCOs. The frequency plan ranges from 20 GHz to 80
GHz, showing an extremely wide-band characteristic such
that any imperfection among the capacitance or inductance
predictions will result in the frequency misalignment and
cause function failure. Therefore, the parasitics control needs to
be carefully examined to assure that VCO's frequency ranges,
after being divided, can be perfectly aligned to the ILFD’s
self-oscillation frequency (i.e. 20 GHz). This alignment in the
frequency domain is also strongly relative to the sensitivity of

ILFD because the more precise the frequency alignment is, the
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more easily locked the injected signal will be. We demonstrate
how this frequency template can be realized accurately even
without the need of a complex calibration mechanism.

Three VCOs are designed at 40 GHz, 60 GHz, and 80 GHz
respectively with their outputs connected to a multi-mode
ILFD (M-ILFD). During its operation, one of the VCOs will
be activated by an embedded multiplexer (MUX), which
is realized by controlling the biasing current of each VCO
through externally input control voltages. The band selection
can therefore be completed. After the selection of VCO, a
M-ILFD with self-oscillation frequency at 20 GHz will start
frequency dividing with corresponding modulus (divide-by-2
for 40 GHz, by-3 for 60 GHz and by-4 for 80 GHz. The PLL is
completed by a cascade of a 20 GHz ring-oscillator-based ILFD
(Ring-ILFD), a current-mode logic (CML) frequency dividers
chain with a total modulus of 128, a phase-frequency detector

(PFD), a charge pump (CP) and a 2nd -order loop filter (LF).

Expected Results:

A phase-locked loop featuring triple-band (40/60/80GHz)
capability is presented in 90-nm CMOS process with a
multimode injection-locked frequency divider (M-ILFD).
Oscillation signals from three VCOs of different bands are
injected to the M-ILFD through different injection techniques.
Based on the VCO selection executed by an embedded
current mode logic multiplexer (MUX), the proposed T-PLL
functions at each desired frequency accurately. The close-loop
is completed by following components of a divider chain with
totally 256 divide-modulus, a phase-frequency detector (PFD),
a charge-pump (CP), and a 2nd loop filter (LF). The output
power of each band exhibits >-9.5 dBm with phase noise
performance of <-103 dBc/Hz at 10 MHz offset frequency. At
1.5V the whole PLL dissipates <114 mW within a compact size
of 1.12 mm’ for the triple-band application.



