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Abstract-An ultra-low-voltage and back-gate-coupled 8-phase
LC-VCO for beam forming satellite receivers has been
proposed .This thesis presented eight phase voltage controlled
oscillator using series transistor coupling which consists of
two quadrature voltage controlled oscillator(QVCO). Each
QVCO has LC selective frequency tank with one NMOS and
one PMOS with it. Eight Phase was obtained by connecting
output of one QVCO to the another QVCO. Low phase noise
have been obtained by increasing number of finger of NMOS
and PMOS, LC filter circuit is added at the end of source of
NMOS block and finally, substrate of NMOS is connected to
0.8 V. Whole circuit is designed and simulated on ADS
software using 65 nm technology. Phase noise of -97 dBc/Hz
at 1 MHz offset is obtained for 33.3-54.85 GHz carrier
frequency. With 0.7 V of supply, this design consume only
1.228 mW. Since FOM is dependent on phase noise, -186.55
dBc/Hz is achieved with tuning range of 21.5 GHz.

1. INTRODUCTION

The voltage-controlled oscillator (VCO) is an
essential building block of all wireless and wireline
communication systems. Especially, a poly-phase local
oscillator (LO) signal provided by the VCO supports a wide
variety of transceivers with image-rejection [28], harmonic-
rejection [29] and phased-array beamforming [30] capabilities.
This paper proposes an ultra-low-voltage 8-phase LC-ring
VCO which is suitable for 10GHz beam forming satellite
receivers.

The design of a high-frequency 8-phase VCO is non-
trivial and frequency division is a common practice to achieve
it. A differential VCO followed by a div-by-4 circuit can
generate the desired 8-phase LO, with the schematic presented
in Fig. 1(a). However, the VCO must operate at a frequency 4
times higher than the output (i.e., 40GHz), significantly
penalizing the power and tuning range. A possible alternative
is depicted in Fig. 1(b), where four differential LC-ring VCO
cells are coupled to construct an 8-phase VCO. This scheme
has the advantage of excellent phase noise, at the expense of
power and chip area.
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Within the nanoscale CMOS environment, the high
fT of MOS devices allows operation in the moderate inversion
region for GHz-range applications, resulting in substantial
power savings. Specifically, when a 0.5V supply is adopted,
the MOSFET can be considered as a four terminal device
without the risk of forward bias the substrate p-n junctions.
The body can be properly biased to reduce the threshold
voltage (VT) [31], thus serving as the direct coupling terminal
of multiple VCOs to synthesize a poly-phase LO. Another
power-reduction technique can be implemented by modifying
the typical cross-coupled pair from purely NMOS or PMOS,
to a PMOS-NMOS hybrid topology. As a result, the number
of current paths will be halved from 8 to 4 for an 8-phase
VCO. Together with the use of a minimized 0.5V supply, the
power efficiency of this work would be strongly improved
(i.e., 0.25mW per LO-phase at 10GHz).
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Fig. 1 8-phase LO generation by: (a) one LC-VCO followed
by divide-by-4. (b) Direct coupling of four LC-VCOs.

1. LITERATURE SURVEY

Xiang Yi and his friends [32] designed fully
integrated 60 GHz frequency synthesizer with an in-phase
injection-coupled quadrature voltage-controlled oscillator
(IPIC-QVCO). Through a particular symmetrical coupling
network formed by diode-connected transistors, the in-phase
coupling is realized in the IPIC-QVCO, which reduces both
phase noise and phase error.

Jiagi Shen[24] designed QVCO for radar application
achived phase noise of -76 dBc/Hz at 1 MHz.
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Md.Tawfig Amin and his friends[33] direct-back-
gate coupling method, featuring independent sizing of
coupling strength and frequency tuning, while avoiding the
risk of forward bias the substrate p-n junctions. Optimized in
65nm CMOS, the 8-phase VCO draws only 2mW.

Chihun Lee and his friends[27] designed 37-38.5GHz
octave-phase clock generator. An octave-phase LC voltage-
controlled oscillator and the split-load divider are presented.
The proposed PD improves the static phase error and enhances
the gain. The clock generator has been fabricated in 0.13um.

Marc Tiebout[34] describes the design and
optimization of voltage controlled oscillators with quadrature
outputs. Systematic design of fully integrated LC-VCOs with a
high inductance tank leads to a cross-coupled double core LC-
VCO as the optimal solution in terms of power consumption.
Futhermore, a novel fully differential frequency tuning
concept is introduced to ease high integration.

Yu-Ching Tsai and hi friends[35] designed a novel
quadrature voltage controlled oscillator (QVCO) using
current-reused tech-nique and back-gate coupling . The
QVCO realized with LC-tank is demonstrated in a 0.18um RF
CMOS 1P6M process. Using the current-reused technique
efficiently reduces the power dissipation. However, by
stacking switching transistors in series like a cascade, the
architecture cannot perform well in phase noise. Through an
improved circuit schematic with back-gate coupling, the phase
noise of the circuit can be lowered. As a result of reducing
four transistors in the circuit, the total power dissipation can
be cut down even more.

Khaled Khalaf[23] described the design of a receiver
front-end circuit for operation in the 60GHz range in 90nm
CMOS.The QVCO predicts 56.8-64.8GHz tuning range from
schematic simulations.

111. DESIGN
The schematic of the QVCO[4] is presented in Fig. 2.
The QVCO consists of two negative resistance LC oscillators,

and they are coupled with each other by using four transistors
(Ma,Mb, Mc and Md).

Page | 459

ISSN [ONLINE]: 2395-1052

T Vee
M. |b— I ™M
I ~—
M, A c Ms
Cua (o
L = 1 = 1L
ve Veane ve
Mo B D Il\/[4
/ 1
M, _|l— 1~ ™Ma
Gnd
==

Fig. 2 Schematic of Conventional design

The proposed 8 phase VCO consists of two QVCO in
which output of QVCO is connected to the input of another
QVCO. Each QVCO consists of two negative resistance LC
oscillators which consists of two transistors (one NMOS
transistors and one PMOS transistors) and a LC frequency
selective tank, and each LC oscillator are coupled with each
other by using four transistors. NMOS at the bottom are body
bias .Each transistor except in LC oscillator have number of
finger of 5.Finally LC tank is added at source end of NMOS
transistor which is reducing phase noise more in addition to
the two NMOS and two PMOS added previously. The values
of NMOS and PMOS adjusted to obtain the better results.

Measurement of frequency

The frequency of CMOS LC VCO design can be
calculated by transient response as show in Fig.2. For
frequency calculation, time period (dx) is directly read by
oscillation as show in Fig.2 which is equal to 30 ps at 0V and
Vb=0.8 V. The relation between frequency and time is given
below

1
=7

In the above expression T is time period of
oscillation. The time period of oscillation T is equal to dx.
Substituting the value of time in above equation frequency
comes out to be,

1
F= 30ps
F =333GHz
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Fig.3 Transient Response of LC VCO.
Measurement of tuning range

The fractional tuning range of LC VVCO design can be
calculated by plotting graph between control voltages and
frequencies as show in Fig. 3 by transient analysis.

0

Fractional Tuning Range =

By the graph is clear that fand fin is 54.85GHz and 33.3
GHz where fj is 33 GHz

Power Consumption

The power consumption of VCO can be calculated by
formula given below

max d.c. power dissipation = V515 lpias

It gives total power consumed by the integrated parts
in the circuit. The power consumed by this VCO is 1.228 mW.

IV.RESULT

Tabulation of Parameters extracted

Table 1
Results of CMOS LC VCO.
S.No. Parameter Simulation result
1. Technology 65nm
2. Power 1.228
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Consumption(mw)

Frequency(GHz) 33.3-54.85
Tuning Voltage(V) 0.0-1.0
Tuning Range (%) 215

33.3-
Phase Noise(dBc/Hz) -97T@1MHz 54.85
GHz
7. FOM(dBc/Hz) -186
Phase Noise & FOM
m2
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Fig.4Phase Noise at 33.3 GHz-54.85 GHz when Vtune=0.0-
1.0V atVvb=08V

Fig. 4 shows that the phase noise at an offset of
1MHz and 10 MHz is -97 dBc/Hz and -119 dBc/Hz at 33.3
GHz-54.85 GHz.FOM of the proposed VCO is -186.55
dBc/Hz at 33.3 GHz-54.85 GHz at 1MHz offset.

Comparative study of results
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Table 2
S.No. | Parameter Ref. | Ref. [Ref | Ref. [ Ref[27 This
231 | 1241 | 1251 1261 ] work
1. Technology 90 130 65 65 130 65
(nm) SiGe
BIiC
MOS
2. Supply Voltage 1 25 1.0 12 1.2 0.7
V)
3. Power 91.7 28 24 | 15.6-30 51.6 1.228
Consumption
(mW)
4. Frequency 55.4- 53- | 51.7| 48.8- | 37-385 33.3-
(GHz) 61.7 59 - 623 54.85
56.6
5. Tuning 0.5-1.0 0.5- - 0-1.6 0.0-1.0
Voltage(V) 23
6. Tuning 8 6 49 135 1.5 21.5
Range(GHz)
7. Phase - - - -88to- | -88.67 -
Noise(dBc/Hz) | 97.4@ | 838@ | 95 96@1 @ 97@1M
I1MHz | 1 @1 | MHz 1MHz Hz
MHz | MH
z
8. FOM(dBc/Hz) - - -173 - -186.55
1711 179

V.CONCLUSION

A CMOS LC VCO is designed in 65nm CMOS
process for high frequency application. This design is
simulated on ADS software. In this design,two QVCO are
connected with output of one is connected to input of
another.Each QVCO is having LC oscillator with NMOS and
PMOS in between PMOS and NMOS block.NMOS block at
the bottom are body bias at 0.8 V which gives better phase
noise. Finally LC filter circuit used at the source of NMOS
block. All this gives 8-phase output which is novel technology
for upcoming devices. This 8 phase VCO works between 33.3
GHz-54.85 GHz frequency with control voltage from 0.0 to
1.0V and bias voltage of 0.8 V which helps in reducing power
consumption. This design has power consumption of 1.228
mw.
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