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band-pass characteristic is obtained. However, this design represents 

poor engineering practise as positive feedback is associated with prob­

lems of noise and parameter sensitivity. 

Positive feedback can be avoided by restricting a < 17.786 which 

constrains the notch filter phase shift to lie between approximately ±90°. 

In this discussion the phase shift of the amplifier has been assumed to 

be ideal (i.e., ¢ = 180°), ·but any loss of amplifier phase will tend to 

create positive feedback even though a < 17.786. The influence of the 

amplifier phase shift on the closed loop characteristic wi l l be discussed 

later. 

6.3.3 Isolating Resistance Riso= 

This resistance serves t wo functions. It is necessary for the 

application of feedback, and it prevents the low impedance of the signal gene r ­

from loading the output of the URC notch filter by shunting the 

amplifier input impedance. RlSO was chosen to be 10 KQ, but the actual 

value used was not critical. 

6.3.4 Non-Ideal Amplifier: 

The frequency response of the active band-pass filter is 

influenced by the characteristics of the amplifier. 

The influence of the amplifier input impedance and output 

impedance was not critical. The input impedance of the amplifier loads 

the URC notch filter, and since reason ab le trans fer characteristics were 

obtained when t he notch filter was terminated in SOQ, the actual i mpedance 

of 2.25 KQ shunted with 10 pf introduced negligible loading at the 

frequencies associated with the notch. 
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Ideally, the amplifier output impedance should be as small as 

possible. An amplifier with high output impedance used to drive a low 

impedance load would result in a loss of effective gain. The amplifier 

output impedance was measured to be 12 Q and as the input impedance of 

the notch filter even at hi gh frequencies was greater than that of the 

notch resistance (R ~ 90 Q) this introduced negligible amplifier loading. 
n ' 

The closed loop response was profoundly effected by the amplifier 

gain and phase shift. The influence of gain on the band-pass character-

istic was investigated experimentally (see Figures 49, SO, and Sl) and 

the salient features are summari zed below (Tab le 3) . 

Amplifier Gain Centre Frequency Mid Band 
(at notch freq.) 

dB MHz dB 

2S dB 0.912 MHz 10 dB 

3S dB 1.079 MHz 29 dB 

40 dB 1.176 MHz 32 dB 

Notch Filters 1.236 -

TABLE 3: Influence of Amplifi er Gain on 
Filter Response (Experimental) 

Gain Q 

10 

so 

102 

63 

Using an amplifier with 40 dB in the region of the notch it was 

possible to obtai n a Q-factor of 102. This is much hi gher than the value 

of 63 associated with t he notch filter itself, and this indi cates the 

presence of positive feedback. When the amplifier gain was reduced to 

3S dB positive feedback was still present even though the filter Q was 

,. ...... 
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les's than the measured Q for the notch. The positive feedback was due to 

loss of amplifier phase shift which at the frequencies of interest has 

fallen to 103°. The theoretical response of the filter was computed 

using the measured values for the notch filter and amplifier parameters, 

and the frequency response is shown (Figure 52), and should be compared 

with Figure 50, which is the oscillograph of the actual system response. 

The close agreement between theoretical and experimental results may be 

seen in Table 4. 

Predicted Measured 

Midband Frequency MHz 1.168 1.079 

Midband Gain dB 29 30 

TABLE 4: Comparison of Measured and Predicted 
Band-Pass Response 

Had the amplifier phase shift been 180° the amplifier gain of 65 dB 

would have been required to produce a midband gain of 30 dB , confirming 

presence of positive feedback . The detailed specifications of the active 

filter are shown below. 

Band-Pass Amplifier Specifications 

Band-pass gain +30 dB (output open circuit) 

+25 dB (SOrl load) 

Centre F~equency 1.08 MHz 

Bandwidth 22 KHz 

Input Impedance (at 1.08 MHz) lOK 

Maximum input signal for linear operation 2DmV (3 dB compensation) 
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6.3.5 Cascaded Notch Feedback Elements: 

The bandwidth of the active filter could be increased by 

deliberately choosing the amplifier to have low gain, or by adjusting 

the value of notch resistance away from the optimum (deepest notch) 

condition. Unfortunately, both these approaches result in poor out-of-

band rejection characteristics. 

The use of two notch filters with staggered frequencies and con-

nected in series ,was investigated experimentally in an attempt to obtain 

increased bandwidth and still retain good out-of-band rejection24 This 

approach was unsuccessful. It was impossible to obtain a stable closed 

loop response. 

The Q of each notd1 filter was high so that the frequency 

separation of the not cil filters was small. As a good approximation, t he 

frequency separation can be neglected and the phase shift of the feed-

back network is simply twice that due to a single notch filter (loading 

effects are neglected). Consequently, a low frequency oscillation ensues 

as the phase falls from 0° to -200° when the frequency is increased from 

zero the notch frequency. Note that it is possible to obtain a stable 

response using cascaded notch filters in the feedback path if the 

separation of the notch freque~cies is sufficiently large 24 



CHAPTER VII 

CONCLUSIONS AND REC0~~1ENDATIONS 

The frequency selective feedback provided by a distributed notch 

filter has been used to develop an active 1 MHz band-pass filter. The 

design is attractive for its engineering simplicity (the notch circuit 

consists of only t wo elements one lumped and one distributed) , and 

because high Q's (Q > SO) can be achieved without the need for i nductance. 

The filter characteristic is dependent on the value of the notch 

parameter ct and should be restricted to values of ct < 17. 786 in order to 

avoid positive feedback being applied in the region of the notch frequency. 

Positive feedback aggravates problems of noise, makes the filter response 

more sensitive to parameter variations and may cause instability. 

The influence of the amplifier parameters on the filter response 

has been investigated. Research has shown that the choice of amplifier 

input and output impe dances is not very critical but the amplifier gain 

and phase response requires careful consideration. The gain should be 

large to reduce parameter sensitivity and to achieve high Q, but should 

be considered in conjuncti~n with the phase response in order to avoid 

instability problems associated with the loss of amplifier phase shift 

at high frequencies. 

For convenience the distributed RC structures were constructed 

from Mylar film and Teledeltos paper, and the close agreement between 

predicted and measured filter characteristics emphasises t he validity 

of using these models to simulate the performance of evaporated thin 

(95) 
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film stnictures. 

The maximum usable Q is limited by the frequency stability of the 

filter. Frequency drift induced by system parameter fluctuations (part­

icularly amplifier gain) results in large signal variations if the filter 

response has high selectivity (Q). The use of a voltage tunable notch 

filter in conjunction with corrective feedback should be investigated as 

a possible solution to the problem of drift. The notch frequency is a 

function of distributed capacitance so voltage tuning can be achieved by 

exploiting the C-V characteristic of a reversed biased p-n junction. 
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