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VOLTAGE CONTROLLED RING OSCILLATOR WITH LARGE
FREQUENCY RANGE AND VARIABLE DUTY CYCLE

BO DAO DONG VONG DIEU KHIEN BANG DIEN AP VGI DAI TAN SO RONG

VA CO THE BIEU CHINH DO RONG XUNG
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ABSTRACT

Voltage controlled oscillator (VCO) is one of the most important basic blocks
for analog, digital as well as in mixed signal circuits. This paper presents a new
technique to improve the performance of ring oscillators. A VCO with large
tuning range and variable duty cycle is designed using 90nm complementary
metal-oxide-semiconductor (CMOS) technology with supply voltage of 1.8Vp-p.
The simulation results demonstrate that VCO has high frequency range from
100Hz to 1.77GHz and the duty cycle is adjustable 20% - 80% independent from
the oscillation frequency. Simulation results reveal the better performance of the
proposed design as compared to existing current starved ring VCO in terms of
oscillation frequency and power consumption.

Keywords: (MOS, voltage -controlled oscillator, ring VCO, large frequency
range, variable duty cycle.

TOM TAT

B6 dao ddng diéu khién dién ap (VCO) la mt trong nhiing khéi xay dung co
ban quan trong nhat cho cac mach tuong tu, mach so ciing nhu cac mach tin hiéu
hon hgp. Bai bdo nay trinh bay mot ky thuat mdi dé cai thién hiéu sudt cta bo
dao dong vong. Bd VCO véi dai diéu chinh tan so dn va co thé diéu chinh d rong
xung dugc thiét ké bang cong nghé MOSFET tich hgp véi dién dp cung cap la
1,8V. Két qua mo phdng chiing minh rang b VCO co dai tan rong tir 100Hz tdi
1,77GHz va d6 rong xung khdng phu thudc vao tan s6 dao dong cé thé diéu chinh
20% - 80%. Tir két qua md phdng cho thay hiéu sudt cla thiét ké dugc dé xuat
t6t han so véi bo dao ddng diéu khién dién ap co ban vé tan s dao ddng va dién
nang tiéu thu.

Tir khéa: CMOS, bd dao déng diéu khién dién dp, bé dao dong diéu khién dién
dp vong, ddi tan sd'rdng, dd rdng xung diéu chinh dugc.
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1. INTRODUCTION

With the advancement of CMOS technology, millions or
even billions of transistors may be combined into a single
chip, enabling system-on-chip (SOC) architecture. In
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different types of serial communications, the CPU may
need to offer varying data speeds. Moreover, many wireless
communication protocols have their unique carrier
frequencies. Furthermore, frequency scaling is increasingly
critical for low-power operation managers in electronic
devices like as computers or mobile phones [1]. As a result,
there is little doubt that ring oscillators operating over a
wide frequency range are required to achieve those goals.

Designing a voltage-controlled ring oscillator (VCO)
with a large frequency range is separate from increasing
the driving capability, the loading capacitor, or the number
of delay cells [9-10]. The disadvantage of increasing driving
capabilities is that it will undoubtedly result in high power
consumption. Enlarging the loading capacitor will also take
up a lot of die space, and this method is easily influenced
by process, voltage, and temperature (PVT) variations [5]. It
will also address the issues of high-power consumption and
chip space by varying the number of delay stages used to
extend the frequency range.

Controlling the resistance is another method for
achieving a large frequency range in the voltage-controlled
ring oscillator. It creates a better chance to construct a low-
power and broad tuning frequency range ring oscillator
using a voltage-controlled resistor since it occupies a tiny
space and uses no additional power.

The VCO in this paper's proposed is suitable for wireless
biotelemetry because of the low power and compact area.
So, the concern of low power becomes the key point of the
system's requirements. This paper proposed voltage-
controlled ring oscillators based on the transmission gate,
which is controlled by current and voltage. By adjusting the
resistances of the transmission gate, a wide linear tuning
frequency range capability can be obtained.

2. CONVENTIONAL CIRCUIT

A ring oscillator made up of several inverter stages, with
the output of the final stage feeding back into the first [5]. To
oscillate, the ring must have a phase shift of 2rm and a voltage
gain of unity at the oscillation frequency. Each delay stage
must generate an /N phase shift, where N is the number of
delay stages. ADC inversion provides the remaining phase
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shift [6]. The delay oscillator is dispersed in the ring oscillator
(RO). The ring oscillator has two basic topologies: single-
ended and different. The power dissipation of a single-ended
topology is computed on a transition basis and has lower
phase noise for a given power dissipation. The phase noise
differential between these two topologies is higher as the
number of steps increases. As a result, the single-ended
topology is commonly used. Figure 1 shows the type of
single-ended RO.

AR Voo
Vin 'l_ N VOUT

= Vss=
Figure 1. The type of single-end of the basic RO

The oscillator frequency of a standard ring oscillator-
based VCO is controlled by varying bias currents. When the
bias current is minimal, however, the voltage swing of the
VCO becomes slower (long rise/fall time). In some cases,
this is undesirable. Furthermore, raising the bias current
narrows the voltage headroom of current source MOS
transistors. Assume that, each stage provides a delay (tp,).
The input signal must pass through N stages, therefore the
signal must pass through each N stage once to produce a
phase shift initially in N.t,,. Then the signal must transit
through each phase once again to obtain the remaining
phase shift [7]. As a result, the overall cycle or clock is
2.N.t,. Here the frequency of the oscillation can be found
as the calculator (1).

fOSC = 1
2N,

(1)

The difficulty in obtaining a value for the frequency
arises when trying to determine t,, mainly due to the
nonlinearities and parasitics of the circuit. As is referred in
[8] the delay per stage is defined as the change in output
voltage at the midpoint of the transition, V,, divided by
the slew rate, I/C;, resulting in a delay per stage of
Cr.Vo/lss. Using definition (1), the oscillation frequency is
given by

lSS
Fo 2NV, C; @)
Figure 2 depicts the fundamental circuit blocks used in
this work. In this work, the VCO is made up of three parts: the
digital current control circuit, the oscillate circuit, and the
circuit duty cycle control. Using transmission gates, the
current circuit regulates the input current in the three-stage
VCO. V¢ is used to control the frequency change. Using a
duty cycle circuit consists of two inverters linked in parallel
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with two inputs, one as the oscillator signal and the other as
duty cycle control voltage V. Following the transformation,
another inverter is applied to purify the signal.

Voo - Ver vl“
Ve | Current » Threestage Duty cycle | OUT
circuit VCO Tl circuit
i
EEE o

Figure 2. Block diagram of the circuit
2.1. Proposed input current circuit

Figure 3 shows the proposed input current control
circuit consisting of four current sources M, ,,; biased by a
voltage V. The transistors M;s, is used as switches to
control the source current for each branch, respectively
M, .46 bY Vi1 ,3. Next, the current source is fed into M9. Then
Mo copies the current from M, and feeds it to the
oscillator change the current in the inverter called I .

VDD

Vi
Ve | il I :Il_i1
M1 Mz M4 Me M8

ISS v y ICTR 0 2
L
M, Mjo

Vst
Figure 3. Current control circuit

2.2, Three stage VCO using transmission gates

Voo - Ver
Vin VIUT — Vin RLG‘ Vour
CT CT
T VssI Vss1

Figure 4. The circuit and equivalent small-signal RC model of transmission
gate

The transmission gate (TG), which includes a NMOS and
a PMOS transistors connected parallel, is describled in
Figure 4. The TG is controlled by an external control voltage
Ve, hence, the TG operates as a variable resistance. The TG
is intended to function as a voltage-controlled switch.
When V is high, NMOS and PMOS are both biased towards
the conduction zone, and the switch closes. The
transmission gate's resistance is now quite low. If V is low,
both MOSFETs are in the cut off area and the switch
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operates as an open circuit. In such a circumstance, the
resistance must fluctuate substantially depending on the
gate voltage.

The circuit scheme is shown in Figure 5. Here a variable
resistor Ry is added at the output terminal of each inverter.
The delay of each stage t; can be calculated from the
formula (4). Since the MOS transistors in each inverter can
be assumed as switches, it can be replaced by a resistance
1/Gy in that G, = gm,+gm,. Therefore, the delay of each
inverter stage t, and the oscillation frequency are
calculated through the formula (5).

_ G0+ GyRyo)
GM
1 ~ Gy
2NC,.(1+G, Ry.)

(3)

DL

0sC ‘I
2N( +R0) G

M

(4)

Vop Vop - Ver
M,
M
Vin : Vour Vivn 1/Gu_Rrs Vour
M, M J' J-CT

(o
>a_ VssI ' Vssl

Figure 5. The simple model of delay approximation.

Figure 6 depicts a three-stage VCO utilizing
transmission gates, which includes including inverters and
transmission gates. The voltage V. controls the resistance
of transmission gates, which affects the delay time of each
step. As a result, the frequency of the output signal may be
modified.

Vss=

vD D

Ve el

I

VDD - VCT

VBZ 1
—Ij j =
Vss= Vss= Vs

Figure 6. The three-stage V(O using transmission gates
2.3. Duty cycle control circuit

The duty cycle control circuit, which works as an
inverter with a movable reverse point, consists of two
inverters connected in parallel with two inputs, one as a
signal from the oscillator and the other as the duty cycle
control voltage Vyr. Another inverter is added to refine the
signal after the transformation. The circuitry is depicted in
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Figure 7. Suppose all transistors operate in a saturate
region, the voltage Vg can be calculated as (6) where r is
ON resistance of MOS transistor.
r |,
Viger = Vopo————2— 5
BUFF DD I’5 H r7 +r6 H r8 ( )

Viuer is determined by the ON resistances of M, and M,,
which are regulated by Vy;. Therefore, the duty cycle
control voltage Vy; can change the duty cycle of the output
signal by moving the reverse point of the inverter formed
by M. and M [2].

Voo Voo
Weo |—|M5 VBurr |—|Mﬂr Vour
Voo |—| |—|
Me Mg
Vor |—|M7 Vss Vss
Mg
Vss

Figure 7. Duty cycle circuit
3. RESULTS AND DISCUSSION

The whole system is designed and simulated by a
process of 90nm CMOS technology. Figure 8 shows the
layout of the proposed VCO which occupy an active chip
area of 0.078mm? The oscillating frequency versus the
control voltage V is shown in Figure 9. In case V is lower
than 0.6V, the signal output of the oscillator remain
unchanged. Otherwise, the frequency of the VCO's output
signal increases up to 1.7GHz at V = 1.8V. Figure 10 shows
the duty cycle adjusted result at 3 representative
frequencies. The duty cycle of output signal was adjusted
linearly from 20 - 80%. Table 1 shows the comparison table
of parameters of other architect op-amps.

< 4023m

v

Figure 8. Layout of the proposed circuit
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Figure 9. V(O oscillating frequency
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Figure 10. Output duty cycle adjustment range
Table 1. Summary results of the proposed V(O
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frequengy | Vo=33V_ | V=33V | Vo=1V | Vo=18V Vii Trung Kién', Pham Thanh Son?, Pham Xuan Thanh'
x;:.uency 1;'”_-I(Z)\\lls 13M|_-|:\\/IS 380%:7 180%:7 'Khoa Pién tix, Truting Pai hoc Cong nghiép Ha Noi
a a = a %Vién Khoa hoc vat liéu, Vién Han 1am Khoa hoc va (dng nghé Viét Nam
Kvco 105.27MHz/V | 153.43MHz/V | 1.38GHz/V | 1.41GHz/V
4. CONCLUSION

A new design of ring oscillator based VCO is proposed.
The proposed design allows implementation of a voltage-
controlled ring oscillator with wide tuning range and fast
voltage swing. The simulation results using CMOS 90nm
technology show that the frequency can be tuned up to
1.77GHz and the duty cycle can be adjusted in wide range
20 - 80% independently from the oscillating frequency.
Furthermore, the maximum oscillation frequency of the
proposed circuit depends on the device sizes. The
proposed circuit is applicable for a lower supply voltage
because of its simple structure.
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