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4.2 ATTENUATORS 

 Attenuators are resistive networks, which are used to reduce the 

amplitude of the input signal.  

 The simple resistor combination of Figure 1.61 (a) would multiply 

the input signal by the  ratio a = R2/(R1 + R2) independently of the 

frequency. If the output of the attenuator is feeding a stage of 

amplification, the input capacitance C2 of the amplifier will be the 

stray capacitance shunting the resistor R2 of the attenuator and the 

attenuator will be as shown in Figure 1.61(b), and the attenuation 

now is not independent of frequency. Using Thevenin's theorem, the 

circuit in Figure 1.61(b) may be replaced by its equivalent circuit 

shown in Figure 1,6l(c), in which R is equal to the parallel 

combination of R1 and R2. Normally R1 and R2 must be large so that 

the nominal input impendence of the attenuator is large enough to 

prevent loading down the input signal. But if R1 and R2 are large, the 

rise time tr = 2.2[(R1||R2)*C2] will be large and a large rise time is 

normally unacceptable. 

 The attenuator may be compensated by shunting R\ by a capacitor C\ 

as shown in Figure 1.61(d), so that its attenuation is once again 

independent of frequency. The circuit has been drawn in Figure 

1.61(e) to suggest that the two resistors and the two capacitors may 

be viewed as the four arms of a bridge. If R1C1 = R2C2, the bridge 

will be balanced and no current will flow in the branch connecting the 

point X to the point Y. For the purpose of computing the output, the 

branch X-Y may be omitted and the output will again be equal to CM, 

independent of the frequency. In practice, C1 will ordinarily have to 
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be made adjustable. 

 Suppose a step signal of amplitude V volts is applied to the circuit. As 

the input changes abruptly by V volts at t = 0, the voltages across Ci 

and C2 will also change abruptly. This happens because at / = 0, the 

( Source: Microelectronics byJ. Millman and A. Grabel, Page-412) 

capacitors act as short-circuits and a very large (ideally infinite) 

current flows though the capacitors for an irifinitesimally small 

time so that a finite charge is delivered to each capacitor. 

The initial output voltage is determined by the capacitors. 

 Since the same current flows through the capacitors C1 and C2, we 

have  
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Or 

                  

The final output voltage is determined by the resistors R1 and R2, because the 

capacitors C[ and C2 act as open circuits for the applied dc voltage under steady-

state conditions. Hence 

 

Looking back from the output terminals (with the input short circuited) we see a 

resistor R = R{R2/(Ri + R2) in parallel with C = C1 + C2. Hence the decay or rise 

of the output (when the attenuator is not perfectly compensated) from the 

initial to the final value takes place exponentially with a time constant r = RC. 

The responses of an attenuator for Cj equal to, greater than, and less than R2C2/R 

are indicated in Figure 1.62. 
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( Source: Microelectronics byJ. Millman and A. Grabel, Page-415) 

 This is the balanced bridge condition. The extreme values of v0(0
+

) are 0 for C1 

= 0 In the. above  analysis we have assumed that an infinite current flows 

through the capacitors at t = 0
+ 

andhence the capacitors get charged 

instantaneously. This is valid only if the generator resistance is zero. In general, 

the output resistance of the generator is not zero but is of some finite value. 

Hence the impulse response is physically impossible. So, even though the 

attenuator is compensated, the ideal step response can never be obtained. 

Nevertheless, an improvement in rise time does result if a compensated attenuator 

is used. For example, if the output is one-tenth of the input, then the rise time of 

the output using the attenuator is one-tenth of what it would be without the 

attenuator. The compensated attenuator will reproduce faithfully the signal, which 

appears at its input terminals. 

  However, if the output impedance of the generator driving the attenuator is not 

zero, the signal will be distorted right at the input to the attenuator. This 

situation is illustrated in Figure 1.63(a) in which a generator of step voltage V 

and of source resistance Rs is connected to the attenuator. Since the lead which 
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joins the point X and point Y may be open circuited, the circuit may be redrawn 

as in Figure 1.63(b). Usually Rs « R1+ R2, so the input to the attenuator will be 

an exponential of time constant RsC', where C' is the capacitance of the series 

combination of Cj and C2> i.e. C' = C1 C/(C1 + C2). It is this exponential 

waveform rather than the step, which the attenuator will transmit faithfully. If 

the generator terminals were connected directly to the terminals to which the 

attenuator output is connected, the generator would see a capacitance C2. In this 

case the waveform at these terminals would be an exponential with time constant 

T = RsC2. 

 

 

 

 

 

 

 

 

 

( Source: Microelectronics byJ. Millman and A. Grabel, Page-418)  

 When the attenuator is used the time constant is T' = R$C
f
. 

   improvement in waveform results. For example, if the 

attenuation is equal to 10(a = 1/10), then the rise time of the waveform 

would be divided by a factor 10.- 

4.2.1 .RL CIRCUITS 

 In previous session we discussed the behaviour of RC low-pass and high-

pass circuits for various types of input waveforms. Suppose the capacitor C 

and-resistor R in those circuits are replaced by a resistor R' and an inductor 

L respectively, then, if the time constant LIR' equals the time constant RC, 

all the preceding results remain unchanged. 

 When a large time constant is required, the inductor is rarely used because 

a large value of inductance can be obtained only with an iron-core inductor 
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which is physically large, heavy and expensive relative to the cost of a 

capacitor for a similar application. 

 Such an iron-cored inductor will be shunted with a large amount of stray 

distributed capacitance. Also the nonlinear properties of the iron cause 

distortion, which may be undesirable. If it is required to pass very low 

frequencies through a circuit in which L is" a shunt element, then the 

inductor may become prohibitively large. Of course in circuits where a 

small value of  is tolerable, a more reasonable value of inductance may be 

used. In low time constant applications, a small inexpensive air-cored 

inductor may be used. Figure 1.73(a) shows the RL low-pass circuit.  

 At very low frequencies the reactance of the inductor is small, so the output 

across the resistor  is almost equal to the input. As the frequency increases, 

the reactance of the inductor increases and so the signal is attenuated.  

 At very high frequencies the output is almost equal to zero. So the circuit in 

Figure 1.73(a) acts as a low-pass filter.The circuit of Figure 1.73(b) acts as a 

high-pass circuit because at low frequencies, since the reactance of the 

inductor is small, the output across the inductor is small and the output 

increases as the frequency increases because the reactance of the inductor 

increases as the frequency increases and at high frequencies the output is 

almost equal to the input. 

 
( Source: Microelectronics byJ. Millman and A. Grabel, Page-421) 
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4.2.2 RLC CIRCUITS 

RLC Series Circuit 

 Consider a series RLC circuit shown in Figure 1.75. 

 

 The response of i(t) and the response of v0(t) for the above three 

cases are shown in Figures 1.76(a) and 1.76(b) respectively. 

 

 

( Source: Microelectronics byJ. Millman and A. Grabel, Page-428) 
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4.2.3 RLC Parallel Circuit 

 In the RL circuit shown in Figure 1.73(b), to include the effect of coil 

winding capacitance, output capacitance and stray capacitance to ground, 

a capacitor is added across the output. So, the RLC circuit shown in 

Figure 1.77(a) results. In terms of a current source, the equivalent circuit 

shown in Figure 1.77(b) results. 

 It is similar to that to the current through the RLC series circuit with the 

difference that the input to the RLC parallel circuit is a step current. In the 

series RLC network, the current response to a step input voltage ultimately 

dies to zero because of the capacitor in series. In the parallel RLC circuit the 

voltage across the RLC network is zero because of the inductance. 

 

( Source: Microelectronics byJ. Millman and A. Grabel, Page-431) 
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