
CHAPTER-VI 

SINUSOIDAL OSCILLATION WITH AN EMITTER 

COUPLED DIFFERENTIAL PAIR 

6.1 INTRODUCTION 

In the previous chapter methods to obtain sinusoidal osci

llations with single element control facility using two operatio

nal amplifiers (OA) have been described. OA's are available as 

chips making the commercial setting of the oscillators easy. 

However since every active RC circuits can now be fabricated as 

a whole In the chip form, a simpler oscillator circuit involving 

less number of transistors and other components would be economic. 

It is intended to present an RC oscillator circuit which is both 

simple and economic. In addition, a type of emitter coupling 

proposed here Introduces an inherent tendency of self-compensation 

against changes of active circuit parameters and the frequency 

remains practically independent of temperature change even though 

germanium transistors are used. 

Attempts to generate sinusoidal oscillations in conven

tional multivibrator circuit are thwarted to a large extend due 

to its inherently low selectivity, because of the use of load and 

interstage coupling elements as the frequency selecting part. This 

limitation can be avoided by (1 ) increasing the gain margin 

between the relaxation and the harmonic mode of operation by 

determining the optimum relationship of the load and coupling 

element and (2) eliminating the ppssibility of having real and 

positive roots of the characteristic equation of this oscillator 

using an amplitude defining mechanism with a differential circuit 
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arrangement. An emitter coupled differential stage proposed 

1* here is shown to accomplish these 

The proposed circuit is analysed using the hybrid equi

valent model of the transistor and other associated parameters. 

The rigour is followed till the stage it is necessary and based 

on the analysis, circuit components are selected for optimum 

operation. Condition and frequency of oscillation are also 

obtained through this analysis, 

6.2 CIRCUIT DESCRIPTION 

The emitter coupled differential amplifier with its output 

fed back to the input through a RC network is shown in figure 6.1. 

Circuits of this type are known to oscillate in relaxation mode, 
2 

because of large system gain , It is shown here that, it is 

possible to generate sinusoidal oscillation in such a system by 

maintaining near unity system gain by adjustment of the load and 

interstage coupling network. 

The transistors Q̂  and Qp in figure 6.1 form a composite 

(CC-CB) pair having a current gain of h^^ h^'^ g^^^^ ^^^^ ^ 

pair does not introduce any phase shift, positive feed back is 

very easily derived by coupling the output of transistor Qp to 

the input of the transistor Q̂  with a capacitor C. The symmetri

cal limiting characteristic of the emitter coupled pair limits 

the oscillation amplitude and no other external limiter is 

necessary. The degenerative feed back introduced by the common 

emitter resistor Rg stabilizes the operating point and the gain 

of the amplifier against supply voltage and ambient temperature 

variation, thereby reducing the frequency drift of the oscillator. 
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Fig. 6 1 Emitter coupled differentiol amplifier 

with the RC feedback network 
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The frequency determining elements are the collector load 

resistance R̂  of transistor Q2 » Rp *^^ parallel combination of 

R, and R, the biasing resistors of the transistor Oj ; the coupling 

capacitor C and the two shunt capacitors C>] and Cp which may be 

either lumped capacitors or the output and input capacitance of 

the amplifier, A large by-pass capacitor is connected between the 

base of Qp and ground in order to effectively ground the base of 

Qp particularly if the biaising resistors Re and R^ are large, 

6.3 CONDITION OF OSCILLATION AND FREQUENCY 

The feed back loop is assumed to be opened at the point 'a' 

in figure 6,1 and a modified hybrid equivalent circuit of figure 

6,1 is shown in figure 6,2 where the collector load of Qp is 

considered to be a complex load Ẑ  comprising of R.,R2fC,C^ and Cp, 

Let VQP be the output voltage across the complex load Z, 

at the collector of Qp due to an applied input voltage v̂  at the 

base of Q̂  as shown in figure 6,2, 

From the loop equations i^ is obtained /see appendix 6,1, 

equation (A-6,2)| as 

. ^1 ^fb ̂ fc 
14 = 

{'•lb (Â '̂  ̂  ̂ ) ̂  h,̂  j . {A^^^''^ ̂  ^) * h,̂  h„,j h 

- -| (6.1) 
where I see appendix 6,1, equation (A-6,A)J 



73 

Z. = 
^ + JOJR^ (1 + ^ ) 

and 

C C 

W - V . 

^ ( 1 . ^ ) . (1 . ^)} 
(6.2a) 

(6.2b) 

The current ig flowing through Z^ fsee appendix 6.1, figure A-6.2; 

and equpition (A-6.5)j provides the feed back voltage e^ at the base 

of transistor Q̂  when the loop is closed. Thus [see appendix 6.1, 

equation (A-6,5)J 

^6 = ̂ 4 

3C»>(1 + JCOC2 R2) 

C^C, 

^ 

TR C C 1 

and hence 
R. 

e^ = i o 6 1 + jcoCoR 

(6.3) 

(6.4) 
2''2 

Combining equations (6,1) through (6,4) and writing n^ S 
^ 

Cp Rp 
ttp =s —— and m = w-̂  one obtains 

e_ = 
j^h^h^^R^v^ 

jOJ l^jmd.n^) . (1.n^)]{hib(A'^"H- | ^ ) ^ h^J ^ R^d^n^) 

y'.hb/ .he ̂  f) ̂  ̂ lA.}] i {A''( "̂̂^ sf) ̂  '̂ iĉ ob} + 

•fcfej- -(U>%(Ci 
C^Cp >}{. if) ^ ''10} (6.5) 
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Since for oscillation e must be equal to v.., the condition of 

maintenance of oscillation is obtained from equation (6.5) as 

^fb^fc + (l+n2) 
^fb ^rb 

^ i b •*• he ^ ̂ ic 
Kg 

- i^^n^K^ 

-k{ m(1+n^) + (1+n .>] (6.6) 

and corresponding frequency of oscillation as 

2ft C / R^R2(n^+n2+n^n2) 
1 + R̂ -̂  h •{' 

^̂ fb̂ l'b 

ob 
^ib^ 

uC 

he r ic 

(6.7) 

Writing n « n^+n2+n^n2 and R^ » mR^ » mR equation (6,7) simplifies 

to 

f = 
2 MCR ̂ 

^ ^ f^H ôb 
^fb^rb 

^ib ^ 
ic 11 (6.8) 

^hc ^ ̂ ic, 

6.4 CHOICE OF THE CIRCUIT ELEMENTS 

6.4.1 CHOICE OF THE TRANSISTORS 

The transistors should have high cut-off frequency and the 

common collector current gain ^f^if^ A ) should be sufficiently 

large to satisfy the gain requirement with low value of R^• The 
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two transistors should be matched , have low leakage and pre

ferably be in the same header so that temperature variation 

affect both equally and full advantage of large common mode 

rejection properties of emitter coupled differential pair (ECDP) 

is easily realized. However to show the inherent stabilizing 

property of ECDP configuration, two independent but matched pair 

germanium transistors (OC 45) were used. 

6.4.2 CHOICE OF. FREQUENCY DETERMINING ELEMENTS 

The choice of components for the oscillator circuit is 

primarily guided by the condition of maintenance as given by 

equation (6.6). The second and third term in the right hand side 

of this equation may be shown to have negligible contribution for 

almost all the present day small signal transistor even though n^ 

may be quite large, such that equation (6.6) simplifies to 

^fb^fc 

îb (A^'^]^)^^ic 

R2 = m (l+n^) + (1+n>|) (6,10) 

!J 
The capacitors C-. and Cp act as harmonic filtering elements 

and C is the coupling element. For large harmonic rejection the 

capacitors C^ and Cp should be much larger than C i.e. n^ and n^ 

should be much larger than unity. For convenience the ratio 15-̂  = m 

is chosen to be unity and n^ = " ^ 2 ^ »̂ *^® equation (6.10) further 

reduces to 

^fb^fc ^ fc ,^s 
c mR. = n. + n„ (6,11) 

he ^ic 1 1 ^ '̂ Ibt̂ '"- - Rf) - "ic 
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Thus R̂  may be calculated from equation (6,11) by assuming 

reasonable values of n^ and n2. The value R2 is then easily 

obtained from the condition m = 1, 

The value of the capacitor C may be obtained from the 

desired frequency of oscillation (equation 6,7). The values of 

C-. and Cp are then calculated from the assumed values of n^ and n^. 

6.A.3 CHOICE OF COMMON EMITTER RESISTOR 

A high common mode rejection ratio in the differential 

pair is ascertained when Rg is chosen following 

^E | > \ b •" ̂ g ^̂  -̂  ̂ fb^ (̂ -̂ 2) 

where R is the common-mode signal generator impedance. It must 
6 

be remembered that Rp should also be made variable to obtain 

proper biasing level as the biaising chain resistors cannot be 

changed from the chosen value for a given m. 

6,4,4 CHOICE OF OTHER CIRCUIT COMPONENTS 

The biaising resistors Re and R̂  for the transistor Qp are 

chosen to be equal to R^ and R- for making the two stages elec~ 

trically almost identical under quiescent operating condition, 

A capacitor C, is connected in order to effectively ground 

the base of the transistor Qp under oscillatory condition. The 

value of C-2 is chosen such that the reactance of C-, at the osci-

nation frequency is negligibly small in comparison to the 

effective resistance of the Mafling chain. 
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6.5 THE EXPERIMENTAL CIRCUIT AND RESULTS 

The frequency determining elements were chosen assuming 

n^ = 1 and m = 1. The capacitor Cp was omitted in order to avoid 

the possibility of operating point shift due to d.c, voltage 

build-up on Cp through a rectifying circuit formed by the base-

emitter diode of the transistor Q^, Cp and R-. However Co cannot 

be made zero due to the input and stray capacitance. Thus np ^ 1 

and may be assumed to be zero for low frequency oscillator circuits. 

Thus the condition of maintenance of oscillation given by equation 

(6.10) and frequency of oscillation given by equation (6.7) 

reduces to 

^fb^fc 

h,,(Z^^.^).h^ 
R. = 3 

ic 

(6.13) 

and 

f = 
alTcR^ ^ mn̂  

1 + R, ôb 
^fb^rb 

^ib ^ 

li 

^ic 

. he, ic 

(6.14) 

Based upon the above assumptions and analysis, an oscillator was 

set-up with a matched pair of OC 45 transistors. The passive 

parameter values chosen were 

R̂  =190 ohms; R^ = R^ = 680 ohms, R^ » R^ = 250 ohms 

3 

C = 1.05/^F; 

^2 "̂  ^3 II ^4 " ̂ ^^ ̂ '̂"̂  
Ĉ  = 1.02y^F; C^ is negligible 
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Rg = 400 ohms; C, « 10y(ZF, and V^Q = - 4.5 volts. 

The calculated and measured frequency are given in 

Table-5.1 

TABLE-S.I 

FREQUENCY OF OSCILLATION 

Calculated 
Frequency 

Hz 

820 

Experimental 
Frequency 

Hz 

802 

Measured 
Distortion 

dB 

- 35 

6.6 CONCLUSION 

A comprehensive linear analysis of an oscillator circuit 

with an emitter coupled differential pair of transistorxhas been 

presented In this chapter. It has been demonstrated that by 

optimising the load and coupling element and introducing an 

amplitude defining mechanism of emitter coupling, generation of 

temperature stable sinusoidal oscillation of good wave form purity 

is possible. Due to the high common mode rejection characteristics 

and inherent stabilizing property of an ECDP transistor amplifier, 

the effect of ambient temperature variation on oscillation frequency 

is minimised. Experimental study has shown about 0,1 percent 

frequency variation for an ambient temperature change from 24*0 to 

55''C without the use of any thermal stabilizing element in the 

circuit; indicating a very low dependence of oscillation frequency 

on the active circuit parameters - a criteria not very common is 

simple RC oscillator circuits. 
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It is well known that the amplitude stabilizing mechanism 

cannot be explained by linear analysis and for this circuit the 

oscillation amplitude stabilization is due to the antisymmetric 

limiting characteristic of the emitter coupled pair. Moreover 

since the circuit is basically like that of an emitter coupled 

multivibrator but by optimised load and coupling element it is 

used to generate sinusoidal oscillation, it would be of interest 

to study the circuit taking into account the non-linear amplitude 

defining mechanism and possibility of generation of harmonic to 

relaxation mode of oscillation. This has been taken up in the 

next chapter with the view to predict the behaviour and adjust 

the mode of operation in the desired range and/or zone. 
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APPENDIX-6,1 

From the figure 6,2 the four loop equations may be written as 

^1 = ^^ic "• i2%^c " h^\c ^ i^-O 
h. 

0 
OC 0 0 

0 = 1 ^ . 0 i^Rg 

0 = 1 ^ , 0 + i ^ .O 

+ ijCh^T^^ R^) + V l ^ r b j (A-6.1) 

fb 1 

vdiere Z, is the complex load seen by the transistor Qp, 

From equation (A-6.1) the fourth loop current i- is easily 

evaluated as 

'̂'ibtA"^ * ^ ) * \o. 

1 fb fc 

'A'-M^^^T^^TTi^ + « ob r \ 

(A-6.2) 

The complex load Zy comprises of the frequency determining 

network as shown in figure A-6,1. 

R. 
where Ẑ  = 

1 ~ 1 + JwC^R^ 

1 

jcoc 
Ro 

(A6.3a) 

(A-6.3b) 

-3 ' TTJcS^T^ 
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Therefore 

Z, 
^ + :3a) R̂  (1 + ^ ) 

^ - 6>̂ R,,(Ĉ +C2+ -^)+ JO)- ̂ (1 + 1^) + (1+ ̂ )j 

(A-6.4) 

The current 1/ feeds the complex load as shown in figure A-6,2 and 

divides into two parts î  and î- as shown. Thus current i^ is 

evaluated as 

6̂ = H 2̂  + 22 + Z3 

Therefore 

î  = i 
JC0(1 + ̂ ^02^2) 

6 - -̂4 
/ , CTTj" 

c c 
Ci>̂ R2(Ĉ +C2 + -TT^)!* + J<̂ ' 

R C C 1 

(A-6.5) 
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