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1. INTRODUCTION

Frequency oscillator can be considered as an electronic oscillator that is produce a repetitive signal
by converting DC voltage power supply to AC voltage signal with desired frequency. It is periodic signal of
sinusoidal and non-sinusoidal shape at certain frequency and certain amplitude without any external input
signal [1, 2]. Electronic oscillator can be described as two main types, the non-liner oscillator and
liner oscillator. Non-liner oscillator produce a non-sinusoidal waveforms, such as, saw tooth or triangle
waveform [3, 4]. Its circuit comprised an energy storage component, along with a non-liner switching
circuit [5]. Liner oscillators produce sinusoidal waveform, there are two types of linear oscillator,
the negative resistance oscillator and feedback oscillator. Negative resistance oscillator is based around
a component which exhibits negative resistance [6]. It is used for magnetron tube and also for certain type of
diode such as impact diode [5, 7].

Feedback oscillator is based on positive feedback which involves returning part of output signal to
the input of oscillator in such as a way that it feed itself. This type of oscillator consist of a transistor
amplifier or operation amplifier to obtain the required voltage amplification and feedback network to obtain
the angle difference (@) and attenuation (B = Vf/VV0). This type of oscillator is used to generate the sinusoidal
voltage signal with the desired frequency. The electronic oscillator in general must satisfied Barkhausen
criterion for oscillation. These criteria are firstly the angle (phase shift) between input and output must be
equal 0° or 360°, secondly the value of absolute loop gain is equal unity. There are many types of feedback
oscillator circuit, such as the RC phase shift oscillator, LC oscillator and crystal oscillator. Three types of RC
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phase shift oscillators that are produce sinusoidal output such as Wien bridge oscillator, phase shift oscillator
and twin T oscillator. Generally RC phase shift oscillator are used for frequency up to about 1 MHz. These
oscillators can be used in many applications such as clock generation for digital electronics, switching
waveform for switch mode power supply. Wien bridge oscillator is mostly used for about 1 MHz range [8].
LC oscillator can be used for high frequency in most applications of electronic and communication circuits
and systems [9, 10]. There are different types of these oscillator such as Colpitts oscillator Hartley oscillator,
Clap oscillator, Armstrong oscillator and Crystal controlled oscillator [5, 11]. The problem stetmant in
the design of Collpits oscillator is that most of the present journal articals such as [12-14] also textbooks such
as [15, 16], used the formula.

f, = ﬁ of Collpits oscillater. This is approximatet formula, which leads to ambiguity and
approximate results especially with Colpitts oscillator based BJT. The problem solution, in the following

1 QF-1 . .
L~ of Collpits oscillator
amfiCr | Q2

Section of the work is the new exact formula of natural frequency f, =

has been derivetave as novel exact formula. This new exact formula is derived and used in this paper for
removing the ambiguite that why ther are different results appear between theortical, simulation and practical
implementation many present article such as [17-19]. Still use approximate formula of natural frequency

(f, = ;) of Collpits oscillator as exact formula.
2m,/LCT

2. RESEARCH METHOD

As previously explained the condition of oscillator are the amplitude condition, that loop gain (AB)
equal -1 and phase condition, is equal 360°. If BA = -1, then the closed loop gain ( AF ) as indicated in (1),
goes to infinity, this mean that there is output without any input [20].

1

~ 1784 @
Where:
AF : closed loop gain,
BA :loop gain.

The total phase shift produced by the forward amplifier (A) and the phase shift of feedback network
(B) must be 0° or 360° That mean the forward amplifier (A) produce 180° (inverting), the B give 180°,
or both of them should give zero phase shift, i.e. the forward amplifier is non-inverting [21]. In this design
BJT is used as npn common emitter inverting amplifier with LC tank in positive feedback network.
Also the voltage divider biasing is used to obtain correct operating point in order to make the transistor work
in active region condition satisfied. AC analysis of the circuit is done so that the magnitude of gain and phase
shift can be calculate which required for oscillation obtained [15].

2.1. Biasing of BJT transistor

In order to make proper biasing of transistor that used as an amplifier in the proposed design.
The biasing of the BJT lead to choose the correct operating point to make the amplifier produce output
voltage signal. There are many methods to get biasing of transistor such as fixed bias, voltage divider, emitter
bias, collector bias and self-bias. In this design, voltage divider method as shown in Figure 1, is used because
it has many advantage, such as good stability, the amplitude is not depending on change of B or resistors and
easy control for biasing current. From theory of calculation of biasing resistors, there are some approximation
can be used to reduce the steps of calculations [13].

BRE
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Figure 1. Voltage divider biasing

Figure 1 shows the demonstration, of voltage divider biasing that used to obtain the correct

operating point, so that the values of Ry, Ry, Rc and Rg can be calculated. There are many steps must be done
to get good biasing of the transistor, if the biasing is bad or not correct the design will not work, so that keep
operating point (Qp) in the middle of active region as shown in Figure 1, using the given rules of some
parameters and apply the circuit rules of biasing in design done for npn BJT type BC 548A. The steps of
calculating the resistors of the transistor is done as follows: from data sheet of BC 548A, it is given that:

VBE =0.65v

VCE=05vVv

(hfe)Bmin = 110, (hfe)Pmax = 220
VCE(sat) =0.6 v

fr =100 MHz

hfe ( Byc )average = 4/ hfe(max) . hfe(min.)

=+v110x 220 = 156

From (2), R, = BRe / 10

assume Re = 1kQ, ~ R, <
~ Ry, <15.6kQ

156 x 1000
10

To satisfy this equality can be choosing R, equal 4 kQ

Let these is a known condition that 1,,> 10 Ig

From (4) & (5) get

VBE = 0.65 v from data sheet

48 IB' IbZ: IB

Iy =(VBE+(B+ 1) IsRe) /R,

_ 0.65+(156+1) I x 1000
2 4000

=0.163+39 g

(4)

Q)

(6)
Y]

(®)
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By sub. (8) in (6)

4815-0.163x 10°-39 I = Ig

4815 -39 Ig — Ig = 0.163 mA

813 =0.163 A

I = 0.0204 MA, |5 = 20.4 uA

lp1= 48 15 = 48 x 20.4 pA = 0.0979 mA
Ic =B Ig = 156 X 20.4 PA ~ 3.2 mA

By applying KVL on base circuit of Figure 2 so that:
R, = Vcc—VBE-Ig (B+1)Rg
1=
I
_ 12—0.65—0.020lil-1x 10-3 (156+1)x 1 kQ
- 481g

_ 815
0.9792 mA

~R,=8323kQ ~ 8.4 kQ

Applying KVL on collector circuit of Figure 1 so that:

VCE =Vcc - Ic (Rc + Rg)

VCE=35vV

3.5=12 - Blg (Rc + Rg)

Blg (Rc + Rg) =12-3.5

156 x 0.0204 x 103 (Rc + 1 kQ)=12-3.5
3.1824 +3.1824 Rc x 10% =85

3.1824 Rcx 10%=8.5-13.1824 = 5.3176

5.3176

Rc=———————=1.6709 kQ

3.1824x10-3

©)

Finally, the complete circuit of proposal design is clear in Figure 3. This circuit contain biasing
parameters (R, R,, Rc and Rg) also capacitors such as C; & C. for DC coupling, C. used with resistance Rg

to get amplify voltage. LC tank is used to complete oscillation conditions.

Figure 2. Theoretical circuit diagram of the proposed design

2.2. AC equivalent circuit of the design

To obtain the amplification factor of the electronic circuit of the proposed design, that can be lead to
verify the Barkhausen criteria. Figure 3 shows the ac small signal equivalent circuit for the circuit diagram
shown in Figure 2. It is can be used for low or high frequency equivalent circuit because it is used to

calculate, the gain of the common emitter BJT amplifier [16, 22, 23].
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Figure 3. Low frequency equivalent circuit

Iz = 0.0204 mA
re = “I;“V e = (hfe + 1) 15 = 3.2 mA
Where: ré equivalent ac resistance

re=22" -g125Q
3.2 mA

hie = hfe ré=156 x 8.125 ~ 1.268 KQ

3:2'11222.7096 KQ ~2.71 KQ

Rin = Rg // hie = 2.71KQ // 1.268 KQ = 0.836 KQ
_ —-Vo _ . . _ -156x1.6K

Av = Vi —(-hfelecllein)—m

=-289.22 ~ -289

|A|=|Av|=289

|BA|=1

|B|=— =0.004

289

2.3. Feedback techniques

This technique is used to improve the performance of the amplifier characteristic. In the proposed
design the positive feedback network is used to obtain oscillation condition to make the circuit work as
oscillator. Figure 2 shows the circuit that represent the proposed design. It is clear that from the design
outline the feedback used is positive to achieve the criteria of Barkhausen, that the phase shift between input
and output must be zero or 360° degree. As known fact that the oscillator is a device used to convert the DC
voltage to AC output voltage with the desired frequency. So that must be verify the following condition the
output loop gain AB must be greater than one slightly. In this design the gain Av (voltage gain) is calculated
in Section 2.2 as A = —hfe R./ R;, for common emitter BJT amplifier.

2.3.1. LC tank

LC tank is used as feedback network circuit in the design. The feedback factor (B), which obtain
from LC tank circuit must be verify the requirement of the criteria Barkhausen for oscillation, there
requirement are the loop gain must be equal one as following:

|AB|=1
But A has been calculated in Section 2.2 as
| A|=289
~|B|==0.004
A
Figure 4 shows the LC tank circuit diagram used for positive feedback, this circuit appears as
resistance circuit at resonance and the impedance as infinity outside the terminal 1 and 2 of the LC tank.
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Figure 4. LC tank circuit

2.3.2. Derivation of novel exact formula

In order to calculate the formula of the desired frequency on the LC tank circuit that shown in
Figure 4 as Figure 5 at resonance, the value of current become maximum so that the reactive impedance of
the LC tank equal to zero, i.e. the inductive impedance cancels the capacitive impedance.

_c1ez
C1+C2

(10)

T

A
A
0
4

Z(s) —> Coll

Figure 5. Equivalent LC tank circuit.

From Figure 5 calculate the following:

1 1 1 1
= — + =SCr+ —
z(s)  XCr ' R+XL T ' R+sL
__ S?LCT+SRCT+1
- R+SL
1 -w2LCr+jwRCr+1 _ (1-w?LCr)+jwRCT
ZGw) R+jwL - R+jwL
7 Gw) R + jwL
w) = -
(1 —w?2LCr;) + jwRCy
. (R+jwL)[(1-w2LCr )—jwRCT]
1ZGw)| =
R—jw(R?Ct +w?L%CT —L)

(1-w2LCT)+(WRCT)?
((1=w2LCT)2)+(WRCT)?

(11)

At resonance the imaginary part of (11) are equal to zero.

jWo (R®Ctr + Wo?L?Cr— L) =0
~ R%Cr + WlL2Cr— L =0
w,’L°Cr = L - R%Ct
2_ L R%CT
s Wy _ET — ZC o
2_1 R = |L _F
LCy L2

Wo = - 77 2 Wo=

1 |1 RZ _ 1 R%CT
T2mAlLCT 12 2m/LCr L

(12)

(o]
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The quality factor for parallel LC circuit at resonance can be written as following [24, 25].
. _ WL _ 1
Either Qs= Y or Qs = WRC
The (12) can be modified as following

1 RR.CTw

fo= e 1-— (13)
If Q= 2= (14)
R
rO, = 15
0 Qf - W.RCT ( )
Then Novel by substitute (14) and (15) in (13) getting
_ 1 1
f°_2n LCr .’1 _Q_]%
The exact formula of resonance frequency (f,) is:
2_
AR S (16)

" 2nJ/Lcr 07

Where:
f, :resonance frequency in Hz
C+ : equivalent capacitor of C; & C, in farad
L :inductance in Henry
Qs : Quality factor
If Qs = 10 the (16) of exact resonance frequency can be taken as approximate formula of resonance
frequency (f,) as following:

1
fo= 2 JLCT (17)

The (16) represent the exact expression of resonance frequency of LC tank circuit with the loading
effect. In (17), quality factor (Qy) is taken as very high value because the value of self-resistor of inductive is
very small and the loading effect is neglected so that the following term is equal approximately one as
follows:

(Q%-1/Q%)°~ 1

In our proposed design the loading effect can’t be neglected because the value of input impedance of
BJT amplifier is small. So that the quality factor (Q;) become less than 10. i.e the term ((Q%— 1) / Q%)** must
be taken in account. Therefore, the resonance frequency is taken as in (16) so that the resonance frequency
significantly smaller than the approximate value as in (17).

2.3.3. Feedback factor (B)

As indicate in Section 2.3.1 that LC tank is the circuit of the positive feedback network. Figure 2
shows the circuit diagram of the proposed design. As shown in this figure the output voltage signal transfer to
the LC tank through the capacitor Cc. The output voltage (V,) of the circuit is created at C, of the LC tank
circuit. Also the feedback voltage signal is created at C, of the LC tank circuit, and had been gone the input

circuit through the capacitor Cs. The ratio of % is less than one so that the value of C, must be less than or

1
equal to % of Cy.
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Therefore:
1
_Vf _IxXC1 _ ~Dryyer _ -C2
T Vo IxXC2 k-  C1
Cc2 Wcél
21B81=Z A1z 2
c1 c2

The negative sign mean that there is phase shift of 180 degree because the capacitors C; and C, are
connected as center tap as shown in Figure 4 so that the phase shift is 180 degree. Therefore, the total phase
shift of the proposed circuit is equal 360 degrees [(180 from common emitter BJT) and 180 degree of
the center tap configuration of capacitor LC tank]. From the above statement the parameters A, B are
calculated. These parameters can be used to control the output voltage in frequency and amplitude by
choosing its value according to ratio of C; / C,. The value of forward gain (A) and feedback factor (B) with
keep that the value of C; must be larger than C, by reasonable factor. Keeping the value of L as low as
possible for the fabrication technology limitation as well as to minimize the effect of frequency of high
parasitic elements of high frequency to get good amplification and stability of the amplifier as indicated in
Section 2.2 that A = - hfe (RC/R;,).

VvCC

Figure 6. Simulation circuit diagram of proposed design

3. SIMULATION OF PROPOSED DESIGN

In this paper design of high frequency of Colpitts oscillator which is consist from common emitter
BJT amplifier with LC tank as positive feedback is simulated using multisim technique. The circuit diagram
of the proposed design is shown in Figure 6. It is achieved in Section 2 with all required parameters are
calculated. Then it is simulated using multisim 13. The proposed design shown in Figure 6 is simulated to
calculate Table (1) which shows the output signal voltages for different variable values of Cy, C,, L and B
with the desired output frequency according to the forward gain of the common emitter BJT amplifier. There
are many output signal voltages obtained with different frequencies as decided by choosing the value of C;,
C, and L with limitation of the value of Av & B. It is clear that from the results obtained as shown in Table 1
that these results are different from that calculated in Section 2.2, because the values calculated in theoretical
calculation which done using approximate expression formula. Also the effect of load resistance of input
impedance of common emitter BJT amplifier of the design is small and this effect on quality factor (Qy) to
become very smaller than 10 so that according to (16) the value of resonance frequency become small
significantly than that obtain early. There are also the effect of parasitic elements these effect to reduce
the oscillating frequency.

4. RESULTS

The results of output simulated voltages and the theoretical calculations for resonance frequencies
for high frequency Colpitts oscillator circuit are shown in Table 1. This table shows resonance frequencies of
simulated output signals and theoretical calculations with the related variable value of C;,C,, L, and B for
the high frequency Colpitts oscillator. The values of coupling capacitor Cc, Cs are 0.1 nf for each and
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capacitor Cg equal to 0.5 pf. Figure 7 shows the more reasonable resonance frequency of the output
simulated voltage signal. It is clear that the value of resonance frequency is the more acceptable compared
with other results because the difference between the theoretical and simulated value is small. This results
make the design to be near to be acceptable and can be implemented practically. It is clear that from
the results indicated above that there are different values of frequencies of output voltage signal, which are
simulated for different variable of Cy, C,, and L compared with that are theoretical calculated these difference
happen due to many factors such as temperature, stability, biasing, type of transistor. But the most signified
one is that the formula that used for finding the frequency of resonance of LC tank, it is approximant
approach where is the assuming quality factor (Qy) is very high so that all calculations of finding resonance
frequency are done using (17). In this equation the term

(Q%- y) / Q%)% is neglected. So that the real results can be obtain if the calculation are done
using (16). So that the results which obtained from the simulation are more near to the reality, because
the results are obtained with consider the effect of quality factor (Qy) because of the loading effect of BJT
amplifier input impedance which it is small, therefore the quality factor (Qy) is become very lower than that
used in theoretical calculations. Therefore, the output values of these output voltage signals are significantly
smaller than that theoretical calculation. As show in Figure 7 that the result of resonance frequency of output
voltage signal of the final proposed design is equal to 9.745 MHz if compared with the theoretical calculated
10 MHz it is seen to be encouraging.

Table 1. Results of output calculated and simulated voltages

Cy pf C, pf Crpf L B Resonance frequency o/p signal shape frequency
Theoretical frequency Simulation frequency
163 30 25.336 10 pH 0.184 10MHz 9.745 MHz Figure 7
266 28 25.33 10 uH 0.105 10MHz 9.62 MHz Figure 8
266 28 25.33 400 nH 0.105 50 MHz 45.26 MHz Figure 9
266 28 25.33 1.6 uH 0.105 25 MHz 23.14 MHz Figure 10
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CONCLUSIONS
In this research the high frequency Colpitts oscillator has been done. The BJT used in this design has

an improved properties made it suitable to making design can be done for high frequency oscillator. It is clear
that there is significant difference between theoretical and simulated vales of resonant frequency output
signal. This is appearing because the input impedance of the BJT amplifier which act as a load on
the resonant feedback circuit and reduce the Qs of the circuit. The resonant frequency of a parallel resonant
depend on the Qs according to the Novel exact formula.
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