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Abstract: A novel current controlled CMOS ring oscillator is
presented in this paper. Specially circuit structure and transistor
parameters design is used to obtain good temperature coefficient. The
designed ring oscillator circuit has been used in a CMOS step-up
switching regulator controller which has been implemented using a
0.5 pm double poly double metal CMOS technology. The test result
shows that the frequency is about 1.2 MHz and the error (Af/f) is
about 3.5% in the temperature range —20-100C . The circuit is quite
suitable for DC-DC converters.
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1 Introduction

The ring oscillator is a crucial component that has been widely used in
analog and digital applications [1, 2, 3, 4]. It is an important circuit block in
DC-DC converters due to its compact design, wide tuning range, and low
power consumption [1]. In some design of DC-DC converters, temperature-
independent switching frequency (f,.) is quite important. As you know,
loop compensation is usually applied to voltage mode or current mode
switching regulator and it is related to the oscillation frequency of the
switching regulator. If the temperature coefficient of oscillation frequency is
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not good, the loop system will be unstable. The oscillator structure is better
to be simple in order to obtain lower cost.

The traditional ring oscillator is usually designed with no temperature
compensated component. In many commercial products, external low-
temperature coefficient capacitors and resistors are used for generating the
adjustable and low temperature coefficient f,,. [1]. However this approach
increases the cost and impacts the board size. In some other design, low
temperature coefficient current, two voltage references and comparators
are needed to generate temperature-independent frequency. The circuit is
more complicated and the cost is higher. In this paper, we present a current
controlled temperature-compensated CMOS ring oscillator which is simple
and quite suitable for DC-DC converters.

2 The proposed ring oscillator circuit

The proposed ring oscillator circuit is shown in Fig. 1, which is a seven-
stage structure. This circuit structure alternatively charges two capacitors
(C1 and C2) with the constant current and quickly discharges them with
NMOS transistors. As shown in Fig. 1, the gate voltage of NO is a voltage
reference V.. Voltage reference circuit is one of the most basic circuit
modules in DC-DC converters main structure, which is stable over process,
power supply voltage and temperature variations. Bandgap voltage
reference and some other structure are usually used. The proposed
oscillator shares the same voltage reference with the main structure. And
Vyepin Fig. 1 is designed to be more than the NMOS threshold voltage. The
PMOS P1, P2, P5 and P8 are designed to have the same gate voltage VB1
and the same W/L ratio k,. So they have the same source-drain current I,.
The W/L ratio of NO, N4 and N7 are also designed the same. Thus the
reverse voltage of N4 and N7 is V., which has low-temperature coefficient.
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Fig. 1. The proposed ring oscillator circuit

Pljl | [ 2 P!"f'l-—| %4 ) P5’—1§P6—|

The period of the oscillator is
T =T+ Tojfa

where T,, and T,y are respectively approximately equal to V,./*C2/I, and
V,.ef*C1/1;. So the frequency of the circuit is mainly determined by the
charge current I; and I, the capacitor value of C1 and C2, the reverse
voltage of N4 and N7 V,, PIP(Poly-Insolator-Poly) and MIM(Metal-
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Insolator-Metal) capacitors are usually be used to achieve low temperature
coefficient and high precision. We can obtain low temperature coefficient
frequency if the charge current I; and I, are designed to be temperature-
independent. The detail design method is shown in the following.

As shown in Fig. 1, the gate to source voltage of N1 is

2IO ,uncoa:ko (eref - ‘/thn)2
ot " i Corky " \/ pin Corkor (1)

k k k
= Vinn + /7 (Veeg = Vinn) =/ 2Voer + (1= /7 | Vin
ky ky ky

where Vy,, is NMOS threshold voltage, p,, is the electron mobility, C,, is the
oxide capacitance per unit area.

The threshold voltage of NMOS linearly decreases with temperature,
which is modelled

Vitn = Vi (To)[1 + Ky (T — Tp)] (2)

where K, is the temperature coefficient of the NMOS threshold voltage, T
is the absolute temperature and T is the absolute temperature at which
K, is evaluated.

Solving Eq. (1) and Eq. (2) for V; gives

Vi = \/Z:Tvmf + (1 — \/Z:?) Vinn (To) ;
+ <1 — \/::(1)> Virn(To) K (T = To) ’

If ky = k1, then Vg = Vs and the current of PMOS P3 is

I — ‘/gsl _ ‘/7‘6]" ( 4)
" R R
The low temperature coefficient current I, can be obtained through
selecting low temperature coefficient resistor R or two series resistors with

opposite temperature coefficient.

k k ki
If ko # Ky, et S1=1 [~ Vig+( 1=/ 5 | Vina(To), Sa= (1= /== ) Vira(Tp),
]{;1 k;l k].

then
Vst = 81+ So Ky (T — To) (5)

Assumed that the resistor R also has a temperature coefficient,
modelled as

R = R(Ty)[1 + Kp(T — Tp)] (6)

1= Vo S+ S Ku(T - Tp) (7)
" R R(Ty)[1+ Kg(T - Ty)]

To obtain that the current I, is insensitive to temperature, we make
ol
or

0, then the following equation can be obtained.

SZKMR(T()) [1+KR(T—T0)] - [Sl +S2KM(T—T0)]R(T0)KR=O (8)




IEICE Electronics Express, Vol.10, No.22, 1-5

Thus we can get
SoKy = S1Kp (9)
That is

ko

Yy
K !
M= il +1 (10)

= (1 - \/Z:(D Vi (To)

In Eq. (10), Ky, Kg and Vi, (T)) are technology dependent. V,.is a known
value. Therefore we can get a low temperature coefficient current I,
through proper k; and k; design. The charge current I, and I, are
temperature-independent. As mentioned above, the reverse voltage of N4
and N7 are also temperature-independent. Thus Low temperature coeffi-
cient frequency of the ring oscillator is obtained.

3 Results

The proposed ring oscillator circuit has been used in a CMOS step-up DC-
DC converter. The circuit has been implemented in 0.5 um double poly
double metal CMOS technology. In the process, the capacitor C1 and C2
are implemented with PIP(Poly-Insolator-Poly) capacitor. V. is designed
to be 0.8V and its temperature coefficient is 54 ppm/C. Fig. 2 shows the
photograph of the controller, in which the oscillator block is indicated. The
area of oscillator is about 180 yum X 90 pm.
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Fig. 2. The photograph of the designed chip

The oscillator circuit is designed to present a mainly 1.2 MHz frequency.
The operating current of the circuit is about 45 pA. The whole circuit has
been tested with the temperature range of —20C to 100C under 4 V supply
voltage. The test result is shown in Fig. 3. When the temperature changes
from —20C to 100, the frequency changes about 0.042 MHz. The error
(Af/f) is about 3.5% in the temperature range —20-100C.

In [1], a ring oscillator for DC-DC converters has also been proposed. It
is implemented in 0.35 um CMOS technology and the error is 3.33% in the
temperature range 0C to 100C. But the circuit contains bandgap voltage
reference, linear regulator, ring oscillator, level shifting and temperature
independent current. The circuit is more complex. And its chip area is
450 pm X 360 um, which is quite larger than the area of the proposed
oscillator. However, the proposed oscillator uses the existing voltage
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Fig. 3. Measured frequency at different temperature

reference in DC-DC converters and improves the charge and discharge
structure of traditional oscillator in order to obtain a temperature
compensated frequency. The proposed circuit is quite simple and easy to
implement. The frequency is also easy to adjust for different DC-DC
converters. The accuracy is sufficient for the switched-mode regulator
design. In [5], temperature and process compensation are both studied to
obtain good performance. But the power consumption of the circuit was
about 1.5 mW, which is quite larger than the proposed circuit. In this paper
process compensation circuit is not considered. So further research based on
the proposed circuit theory is ongoing. Ring oscillator with simple
structure, lower temperature coefficient and lower process dependence is
being studied now.

4 Conclusion

In this paper, a current controlled CMOS ring oscillator with good
temperature coefficient has been proposed. A novel temperature-compen-
sated method has been presented through circuit structure and transistor
parameters design. The structure has been successfully used in CMOS step-
up switching regulator controller and achieved good performance. The ring
oscillator circuit is quite suitable for DC-DC converters.
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