
BANDWIDTH – RISETIME RELATIONSHIP 
 
Consider the single-time-constant circuit: 
(also called “first order” since it has one 
independent energy storage element, C) 
 
Using the impedances ZR=R and ZC=1/jwC,  
the voltage divider relationship gives 

    

! 

H "( ) =
vout

v in
=

ZC

ZR + ZC
=

1
1+ j"RC       with !=2"f     

    

! 

H f( ) =
1

1+ j2"fRC  [1] 

for the transfer function in the frequency domain for sinusoidal vin and vout 
The frequency at which the H(f) magnitude is a factor of 1/!2 (-3dB) of its  

maximum defines the bandwidth (3-dB frequency)       
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and we can express H(f) as 
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 which is often easier to work with. 

 

We can relate the bandwidth to the step response in the time domain.  Recall the 
general exponential step response 
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V t( ) =VF " VF "VI( )e"t /#  
in which solving the differential equation gave the time constant   # = RC [3] 

From [2], [3] bandwidth and time constant are related by        
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In practice, a measurement 
that is usually easier to 
make is the “rise time” tr 
defined as the time for the 
output to rise from 10% to 
90% of the step size: 
 
Using the general step response for the specific times t10 and t90 and subtracting 
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After some math, we have                                                            tr = 2.2#    [5] 

And with [4] and [5] we get                    
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f3dB " tr = 0.35  
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