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Abstract— In this work, a new ring voltage controlled oscillator
with a two cross coupled load PMOS transistors is proposed. The
proposed method preserves the maximum frequency of the VCO
unaffected which leads to improvement in phase noise and the
power consumption of VCO oscillators.

The proposed ring oscillator implemented in 0.18pum CMOS
shows the worse phase noise of -108 dBc/Hz at 10MHz offset,
tuning range of 140.7%, while dissipating a maximum power
consumption of 9 mwW from 1.8 V supply.

Keywords— Ring oscillators, VCO, tuning range, phase noise,
cross coupled PMOS transistors.

I. INTRODUCTION

Ultra-wide band (UWB) is a very promising technology for
short-range and low data rate wireless communications. This
enormous growth began since 2002 when the American
Federal Communications Commission (FCC) released the use
of a 7.5 GHz band spectrum (3.1-10.6 GHz) with a power
spectral density of -41.3 dBm/MHz [1].

Impulse-radio ultra-wide band (IR-UWB) is a relatively
new trend in UWB communications and a promising
technique that offers viable solutions to the limitations of
UWB communications technology mentioned above [2]. It has
attracted growing attention during the last few years due to its
advantageous features and attractive properties. IR-UWB
systems can be designed with relatively low-complexity and
low power consumption, and have attractive specifications for
imaging and radar applications [3, 4].

The oscillator is a key block in a IR-UWB system and a
challenging design since it has to accommodate the defined
constraints above.

To accomplish desire specifications of applications, it is
necessary the VCO be designed to have wide tuning range,
low phase noise, low power dissipation, simplified integration
method, and small layout area

LC voltage-controlled oscillators (LC VCOs) are typically
utilized in wireless transceivers due to their good phase noise
performance [5], but our application demand the design with
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easy implementation of the circuit, small chip area, low cost
and good low phase noise.

The implementation of high quality inductor and capacitor
in a standard CMOS process requires extra non standard
processing steps and also increases the chip area and the cost.

In contrast, ring VCOs are compatible with digital CMOS
technologies and occupy small chip area. Owing to these
attributes, ring VCOs are a popular candidate for
implementation in scaled CMOS. Unfortunately, they exhibit
poor phase noise performance due to a low Q and a large
VCO-gain (Kvco)[6]. Thus, the next task is to improve the
phase noise for a ring VCO.

Extensive research has been carried out to analyze and
improve the phase noise of ring oscillators [7-10]. From these
works, it has been reported that the phase noise of ring
oscillators is degraded by the multi-path structure [7], and the
alignment technique [8, 9].

The VCOs reported in [10] provides fast rail-to-rail
switching, thus improving the Q of the ring VCO and
lowering the phase noise. However, it suffers from an
extremely narrow tuning range.

In this paper, an improved VCO operating at 1.8V supply
voltage and -108 dBc/Hz at 10 MHz low phase noise is
proposed. This method circuit improves the phase noise by
reducing the VCO- gain (KVCO).

The paper is organized as follows. First, the design
approach of the ring-VCO which includes the topology and
circuit structure used in the design is presented in Section II.
Section Il presents the simulation results of the proposed ring
oscillator. Comparisons with other published works are also
provided in this section to illustrate the advantages of the
proposed design. Finally, a conclusion is drawn in Section 1V.

Il. PROPOSED DIFFERENTIAL RING OSCILLATOR

Fig. 1 illustrates the voltage-controlled differential ring
oscillator in [11] (Fig. 1) and the proposed differential VCO
(Fig. 2).

The delay cell presented in [11] is composed of a
differential pair of MN1and MN2 with a cross coupled load
(MP1 and MP5), along with two PMOS transistors that
change the current of output node to control the tuning range.
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The operation of the cell can be described as follows: by
changing the control voltage (Vctr) on the gate of MP3 and
MP®6, the charge up current of the delay cell output load is
changed. Therefore its delay time and thus the frequency of
the whole VCO are controlled.
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Fig. 1 the block diagram and the delay cell of the ring oscillator
in ref [11]
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Fig. 2 The proposed differential ring oscillator.

Compare to Fig. 1 The proposed delay cell of ring VCO has
additional MOS transistors M2 and M4 to the power supply of
the two switch transistors M1 and M5, respectively.

The gates of M2 and M4 are cross-connected with the gates
of M1 and M5, respectively. M2, M4 are sized corresponded
to M1, M2 in order to maintain the same oscillation.

To illustrate how the phase noise is reduced in the proposed
design, it is necessary to derive the operating frequency of the
proposed ring oscillator. This is easily justified since the goal

of our work is to show the reduced VCO-gain (kvco) of the
oscillator.

The equivalent circuit of the proposed half delay cell is
shown in Fig. 2.
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Fig.3. Equivalent circuit of the proposed half delay cell

Using Fig.3, the transfer function describing the operation
of the delay cell can be approximated as:

H(S) _ 8mn1 (1)

- (gmpl_gmp2)+5CL+gdn1+gdp3

Where g, is the transconductance, g4 is the channel
conductance and C_ is the total capacitance seen at the output
node of the delay cell.

To maintain the oscillation of a ring oscillator, the overall
gain is unity at the oscillation frequency. The voltage gain of
the delay cell must be unity and the oscillation frequency of
the ring oscillator can be derived.

2_ — 2
fosc — % Imn1 (gdn1+gc¢::l§23+gmp1 8mp2) (2)

By controlling the channel conductance gdp3 of PMOS
devices Mp3, the output frequency fosc can be tuned between
fmax and fmin. And the gdp3 can be expressed as:

w
Yap3s = Kpp(?)3VDD - |Vthp| = Verr) (3)

Where (W/L); is the width-to-length ratio of Mp3, V is
the control voltage of the proposed ring VCO, V,, is the
threshold voltage and Kpp is the process transconductance
parameter. It is proportional to the product of the carrier
mobility and the gate capacitance per unit area.

From Eqg. (2), the gain of frequency tuning (KVCO) of the
proposed ring oscillator can be written as:

(8dn1+Edp3*+Emp1—Emp2)?
Kyco = — 2 AN C))
2m CL 8mn1—(8dn1+8dp3+8mp1—8mp2)

The equation of the KVCO of the ring oscillator in Fig.1 is
given by [12].
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In the proposed delay stage, gmpl and gmp2 can be
expressed as :

2Isp (6)

Bmp1 = e~V
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Where Igp is the drain current through MP1 and MP2, V5 is
the threshold voltage, Vsgp and Vsgp, are the source-gate
voltages of MP1, MP2 respectively, which are identified as:

Vsgp1 = Vpp — outy (8)
VSGpZ = Vy —out, 9)

Due to the symmetry of the differential topology, the output
voltages outl and out2 are equal in magnitude but opposite in
signs. Therefore, the source-gate voltage of MP1 is greater
than the source-gate voltages of MP2.

According to equations (6) and (7), gmp2 > gmpl.
Based on the fact that gdpl is much smaller than gmp1 and

gmp2 is much greater than gmp1, a lower Kvco was achieved
compared with that of the ring VCO in Fig.1.

Therefore, the phase noise of the proposed voltage
controlled oscillator can be improved much more compared to
that of the ring oscillator in [11].

Fig. 4 shows the simulated phase noise performance of the
proposed voltage controlled oscillator compare to the VCO in
ref [11] at the same oscillation frequency 6.9 GHz. As can be
seen in Fig. 4, the phase noise of the proposed voltage-
controlled oscillator improves significantly compare to that of
VCO in ref [11].

The additional of MOS transistors M2 and M4 leads to
additional 3dBc/Hz at 1MHz and 8dBc/Hz at 10MHz
improvement in phase noise.
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Fig.4 Simulated phase noise performance in comparison with the
ring VCO in ref [11]

I1l. SIMULATION RESULTS

The analysis conclusions are verified by using Advanced
Design System simulator. The simulations results are based on
0.18pum CMOS process.

Fig. 5 shows the graph of Output frequency versus the
control voltage of VCO. When the control voltage is varied

from OV to 1.8V the Oscillation frequency of the designed
VCO ranges from 6.9 GHz to 1.2 GHz.

It can be seen from this figure that the Gain (KVCO) of the
proposed design is 377.13 MHz/ V which is lower than the
KVCO of the ring oscillator in ref [11] that confirms the
previous analysis.
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Fig.5 Oscillation frequency of the proposed oscillator versus the
control voltage

Fig. 6 shows the simulated results of phase noise of the
proposed ring VCO. When the oscillation frequency is
6.9GHz, the phase noise is -108dBc/Hz at 10MHz.

The output power variation is from 9mW to 0.941mwW
while the control voltage was tuned from 0 to 1.8 VVas shown
in Fig. 7

For the same process, supply voltage and oscillation
frequency (6.9GHz), the circuit of [11] has a maximum power
consumption of 9.32mW.

In contrast, the proposed ring oscillator has a maximum
power of 9mW, which indicates a 3.43% improvement in
maximum power consumption when compared to [11].
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Fig.6 simulated phase noise at 6.9 GHz of the proposed ring
oscillator
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TABLE 3 : SUMMARIZED RESULTS

This

. Results [14] [15] [16] work
] Technology 0.18um 45nm 0.18um 0.18um
b fosc (GHz) 245 115 4.09 6.9

Tuning range | 5 g7, 95.6% 88% 140.7%
i (GHz)
1 P (MW) 6.99 3 13 9

Phase noise -112 -78 -93.3 -108
) (dBc/Hz) @10MHZ | @10MHz @1MHz @10MHz
] FOM (dBc/Hz) -151.33 -134.44 -154.39 - 155.25
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Fig.5 The output power consumption versus the control voltage

The simulation results demonstrate the improvement of the
maximum power consumption by the proposed design. It can
be seen that the proposed VCO can simultaneously achieve
low phase noise, low power dissipation at the same frequency
(6.9GHz) compare to [11].

Table 1 summarizes the overall performance of the
proposed ring VCO in comparison with previously reported
differential ring VCOs.

In order to provide a fair comparison with other reported
works at different frequencies and power consumptions, a
Figure-of-Merit (FOM) is used [13]:

FOM = L(fy) — 20 1ogff°f +10 log -2 9)

Where fo is the oscillation frequency, fq is the frequency
offset, L(f,sc) is the phase noise at fus , Py is the dc power
consumption in mwW

Based on this calculation, the figure of merit (FOM) of this
proposed VCO is about —155.25 dBc/Hz at the frequency of
6.9 GHz.

From the table, it is clear that our proposed oscillator is
able to achieve in overall better results compared to some of
the previously reported ring oscillator designs.

IV. CONCLUSIONS

In this paper, the new configuration of differential voltage
controlled oscillator with low phase noise and low power
consumption is presented.

The simulations results show that the worse phase noise is
—108 dBc/Hz at 10 MHz offset frequency and the maximum
power consumption is about 9mW. The tuning range is about
140.7% from 6.9 GHz to 1.2 GHz and the FOM of the VCO is
about —155.25 dBc/Hz.

The performance of our work is good for low power
consumption and low phase noise applications such as ultra-
wideband systems.
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