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Regulated Cascode Cross Coupled
CMOS Oscillators
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Il. ANALYSIS AND SIMULATION OF SINGLE ENDED COLPITTS
Abstract— Tuning Range of Oscillator is one of the BASED CMOS OSCILLATOR

important specification which is used in phase locked loop. The
more wider tuning range, the better the phase lock loop. This
paper proposed regulated cascode cross coupled based CMOS
oscillator. The analysis and simulation results of tuning range
of this type of oscillator are compared with conventional  designed in [1]. It was given by
Colpitts based CMOS oscillator as a function of bias current
consumption.

The conventional Colpitts based CMOS oscillator was
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The conventional method of analysis and design of a, :(C1 +02) L, (@h)
Colpitts based CMOS Oscillator is not following
Barkhausen criterion [1]. By substituting low frequency a = gm/?P +/-?P (01 + CZ)
small signal equivalent circuit of CMOS into single ended
Colpitts based CMOS oscillator and injecting input current a, = ngp
source into the circuit, we can derive the transimpedance
gain of the circuit. Then, we can equate the real part and

imaginary part of the function to zero. After that, we can W 2/
obtain two equations of oscillating frequency as a function where g =,[2u —1/, = —— D s small
of passive components. Then, if we equate both of the ” L Ve =V,

equations, substitute the capacitance ratio. We can derive signal transconductance of the MOS transistor.
minimum required gain for the Colpitts based circuits.

In contrast to the single ended Colpitts based CMOS
oscillator. The cross coupled differential Colpitts based
CMOS oscillator can not be designed by the same way as
single ended Colpitts based CMOS oscillator but it follows
Barkhausen criterion [2]. It is different because cross couple
differential Colpitts based CMOS oscillator can be seen as a
2 stage amplifier in cascade while output of the second stage
amplifier is fed back into input of the first stage amplifier

Section Il describes how to design tuning range of single 4
ended Colpitts based CMOS oscillator by switching the bias
resistor. Section Il describes how to design tuning range of
cross coupled differential Colpitts based CMOS oscillator.
Section 1V describes how to design cross coupled
differential Regulated Cascode based CMOS oscillator.

(2) (6)

Fig. 1 (a) Single ended Colpitts based CMOS oscillator
(b) Small signal equivalent circuit of (a)
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Oscillating frequency was derived as

)
If we equate two oscillating equation in (2) then we can
derived the condition as below.

2
C C
ngP :_] 1 =
CZ 01
®)
From equation (3), if we set capacitance ratio

C,/C, =1 then, the minimum required gain is 4.

(4)

Then substitute value of inductance back into equation (2)

to see if oscillating frequency is changed by real part
condition on the rightmost of equation (2)

4
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* =0 (e 10 = (27)2.146GHz=
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The other parameter in the circuit which is still not
designed is resistive load Rp , it can be used to set dc output

voltage. Assume that if we use supply voltage equal to 3
volt. We can design current to flow 1mA and 2mA, as a
result, its oscillating frequency are changed which may be
called “tuning range”of Colpitts oscillator. By setting dc
output voltage to be half of the supply voltage, 1.5 volt, we

) ] s can determine resistive load and small signal
Supposed that we want to design capacitance, inductance  transconductance to be
value at oscillating frequency which is equal to 2.1 GHz.
For typical design, we can set capacitance to be 1pF. Then, 3-15 3-15
we can use equation (2) to design inductance value as . =— " =15kQ, sz =— " —0.75kQ
follow. 1mA 2mA
I A 2] A
1 g . =—L2-28m—, . =—L2 =571m—
w, =+ = 27 (2.1GHz) 0.7 4 0.7 4
/ 1pF x1pF (6)
r 2pF
2
L, = 5 =11nH
(27x2.1x10°) (107?)
Frequency (Hz)
Fig. 2 Magnitude and phase response of the single ended Colpitts based CMOS oscillator
Where solid line is for Rp =1.9kQ, g =2.85mS and circle line is for Rp =0.75kQ, g =571mS
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I1l. ANALYSIS AND SIMULATION OF CROSS COUPLED
DIFFERENTIAL COLPITTS BASED CMOS OSCILLATOR

In contrast to the derivation of single ended Colpitts
based CMOS oscillator, we can analyze and design cross
coupled differential Colpitts based CMOS oscillator
according to principle of feedback circuit analysis [3]

General transfer function of amplifier with feedback
network can be written as following.

i) A)
(¢) 1-B(s)A(s) .

Because voltage gain of amplifier stage and voltage gain
of feedback network in fig. 3 can be derived as

C\

I

Fig. 3 (a) Cross couple differential Colpitts based CMOS
oscillator (b) Small signal equivalent circuit of (a)
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After substitute voltage gain of the amplifier and voltage
gain of feedback network into equation (7), we can derived

5 4 3 2
s'b,+s'b, +5°b, +5°b, +sb + b,

/-/(s):
6 5 4 3 2
SCG+S CS+S C4+S 03+S CZ+.S‘C]+C0
9)

The coefficient of the numerator and denominator

polynomial can be written as following

CcL

mli—1=P

b, =azg
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(10)

) 2
c, =a, +2aa, - (gm1C1LP)

3 42
c, =2a,a, +2a,a, - (2gm1LPCI)
2 2 4
c, =2a,a, +a, — (Lpgm)

c, =2aa,
(11)

Because denominator polynomial of this circuit has 6"
order. Thus, we could not manipulate closed form
expression of oscillating frequency anymore.

After substitute the inductance 1 nH, capacitance 1pF,
resistance 1.54Q,0.75kQ2 and transconductances (the
transistor has the same value as equation (6)) into the
coefficients of the polynomial. We can plot magnitude and
phase response by bode function in MATLAB as fig 4.

It can be seen from fig 4 that magnitude response seems
to have band-pass characteristic. But phase response is not
360 degree phase shifted at resonance frequency. It means
this circuit is not oscillate.
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Cascode Bandpass Amplifier

Fig. 5 (a) Cross Couple Differential Regulated Cascode
based CMOS oscillator (b) Small signal of Regulated
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The coefficient in equation (12) are defined in equation (13)
for easy visualization of the whole equation. It can be
understood that equation (12) has bandpass response.
Equation (12) can be used to design oscillator by
substitute s = jw into denominator of equation (12)
Thus, resonance frequency or oscillating frequency can be
derived as

oALC

PP
(14
From equation (14), it can be seen that oscillating
frequency of this circuit could not be tune by using bias
current. But the bandwidth of the bandpass filter can be tune
by bias current.
After substitute equation (12) into equation (7), then we
get

H _ 53 (LngyCP)+sz (Li’gygz)+s(Lng)
(s) B st (Lf,Cf,) +s° (ZLfJCPgZ) + s <2chp + Lf,gj - Ligi) + S(ZLPgZ) +1

(15)

To plot magnitude and phase response of equation (15),
we typically design current to flow 1mA and 2mA. We use
3 volt supply and we design output voltage to be half of the

supply voltage which is equal to 1.5 V. Then
R, = 1—5 =1.5kQ.R,, = 1—5 =0.754Q
1mA 2mA

To design current to flow, we use drain current equation
as following

i = M(%}@ 5-07) =1mA

o 2
(16)
For typical process parameters, the  process
transconductance ~ parameter 2 C =194uA/ VZis

used. Then, aspect ratio of the transistor can be designed to
be

(2)2mA

(ﬂj = —=3221
L), (194,uA/V2)(1.5—0.7)

(17)
Thus , minimum drain to source voltage of the first

transistor M, is equal to V. =1.9-0.7=0.8V. For

DS1

convenience in design, transistor M, can be designed to
have the same aspect ratio, thus the gate to source voltage of
transistor M, should be design to be 1.5 V. Thus, voltage at

the gate terminal of transistor M, should be 2.3 V. Again,
for convenience in design, the regulated transistor M3

should have the same aspect ratio with M, and M,

(2)2,

(ﬂj = _ = 3221
L), (1 94 1A / |/2)(0.8 ~0.7)

(18)

Thus, drain current of transistor M3 can be computed from
equation (18) to be 31.254A . Bias resistor /R, can be
3-23

31.25uA

The other parameters use in simulation of cross coupled
differential regulated cascode based CMOS oscillator are
computed as following

computed to be A, = =22.404kQ

g, =.[2uC, [%j = \/2(194yA /V?)(32)(2mA) = 498mA/V = g,
1

(19)
g,,=.]2uC, [%j Iy = \/2(194;,,4 /V*)(32)(31251A) = 0.62mA / V
3
(20)
rds1:L:rd52: 1 = ! = 50kQ
A, My, 0.01(2mA)
(21)
1 1
lis = = =32MQ
A,y 0.01(31.251A)
(22)

The capacitance in equation (14) is designed to be 1 pF. If
the oscillating frequency is designed to be 2.1 GHz. Then,
inductance is computed to be

=5nH

= 2;;(2.10/—/z) L = 1

"L T (174x107)(1077)

PP

(23)

After all numerical values in equation (15) are known.
Then we can substitute it in MATLAB text file and simulate
it. Figure 6 is the result of simulation of equation (15)
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Bode Diagram

Magnitude (dB)

Phase (deg)

Frequency (Hz)

Fig.6 Magnitude and phase response of cross coupled
differential regulated cascode based CMOS oscillator

solid line is for /?p =1.9kQ, g =2.85mS and circle line is for Rp =0.75kQ, g =5.71mS

V. CONCLUSION

It is well known that tuning range of cross coupled
common source oscillator is limited by minimum and
maximum capacitance of the varactor. The tuning range of
single ended and differential Colpitts is derived to be
dependent on  both  passive  capacitance  and
transconductance of the transistor. It means that tuning
range can be changed by switching of the bias current. The
oscillating frequency of cross couple regulated cascode
based was derived to be independent with bias current. But
the bandwidth depends on bias current.
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