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Amplifier Frequency Response

Amplifier Frequency Response

• Audio frequency signals such as speech and music are 
combination of many different sine waves, occurring 
simultaneously with different amplitude and frequency in 
the following range (20Hz-20kHz (audible noise) , other 
types of signals have their own range.

• In order for the output to be an amplified version of the 
input, the amplifier must amplify each and every component 
in the signal by the same amount

• The Bandwidth must cover the entire range of frequency 
components if considered amplification is to be achieved 
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All capacitors are neglected

Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Low Frequency Response Example

• Calculate the low frequency corner frequencies due to 
C1,C2, Cs and estimate L ? 

-low frequency ac small signal equivalent circuit is 

constructed ( here all high frequency caps Cgs, Cgd are 

considered as open circuits)

- We consider one capacitor each time , while all other low 

frequency caps are considered short circuit and its 

corresponding  is found

- Finally, L is estimated using the formula for upper and 

lower limits
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Effect of each Capacitor at L

• We Calculate the low frequency corner frequencies due to each 
cap acting alone while all others are considered as short circuit
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Effect of each Capacitor & L

• We Calculate the low frequency corner frequencies due to cap acting 
alone while all others are considered as short circuit
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CE Amplifier low-frequency Analysis

𝑹𝑬  
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Ac small signal low- frequency equivalent 𝑪𝑲𝑻
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𝒉𝒊𝒆 = 𝟏𝟎. 𝟒𝟓𝒌 , 𝒉𝒇𝒆 = 𝟑𝟓𝟎 , 𝑹𝟏II 𝑹𝟐 = 𝟏𝟔. 𝟔𝟕𝒌

𝑹𝒄 = 𝟓𝒌 , 𝑹𝑳 = 𝟐𝒌 , 𝑹𝑬 = 𝟓𝒌 , 𝑹𝒔 = 𝟏𝒌

𝑪𝟏 = 𝟑𝝁𝑭 , 𝑪𝟐 = 𝟖𝝁𝑭 , 𝒂𝒏𝒅 𝑪𝑬 = 𝟓𝟎𝝁𝑭

Estimate ω𝑳

1) To find ω𝑐1 , set 𝐶𝐸 and 𝐶2 short

𝝎𝒄𝟏 =
𝟏

𝑹𝑻𝑯𝟏
𝑪𝟏

𝑹𝑻𝑯𝟏
= 𝑹𝒔 + 𝑹𝟏// 𝑹𝟐// 𝒉𝒊𝒆

∴ 𝝎𝒄𝟏 = 𝟒𝟒. 𝟗 𝒓/𝒔
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CE Amplifier low-frequency Analysis
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•2) To find 𝝎𝒄𝟐,set 𝐶1 and 𝐶𝐸  short 

𝝎𝒄𝟐 =
𝟏

𝑹𝑻𝑯𝟐
𝑪𝟐

𝑹𝑻𝑯𝟐
=  𝑹𝑳 +𝑹𝒄

𝝎𝒄𝟐 = 𝟏𝟕. 𝟖𝟔 𝒓/𝒔
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CE Amplifier low-frequency Analysis

3) To find 𝝎𝑪𝑬,𝒔𝒆𝒕 𝑪𝟏 𝒂𝒏𝒅 𝑪𝟐 𝒔𝒉𝒐𝒓𝒕 

𝝎𝑪𝑬 =
𝟏

𝑹𝑻𝑯𝟑
𝑪𝑬

𝑹𝑻𝑯𝟑
=  𝑹𝑬 // 

𝑹𝒔𝑰𝑰𝑹𝟏𝑰𝑰𝑹𝟐+𝒉𝒊𝒆

𝒉𝒇𝒆+𝟏

∴ 𝝎𝑪𝑬= 𝟔𝟏𝟔 𝒓/𝒔

𝝎𝑪𝟏 + 𝝎𝑪𝟐+𝝎𝑪𝑬> 𝝎𝑳> 𝝎𝑪𝑬

𝟔𝟕𝟗 𝒓/𝒔 > 𝝎𝑳 > 𝟔𝟏𝟔 𝒓/𝒔 

𝝎𝑳 ≡ 𝟔𝟒𝟓 𝒓/𝒔        exact

b

e

c

+

-

C1

CE

C2

b c

+

-e

CE

CE Amplifier low-frequency Analysis

But 𝝎𝒄𝟐 = 𝟏𝟕. 𝟖𝟔 𝒓/𝒔 𝒂𝒏𝒅 𝝎𝒄𝟏 = 𝟒𝟒. 𝟗 𝒓/𝒔
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Design of L

• Previous method explained how to estimate value of L in an analysis 
problem where all capacitor values are given, but what happens if it was 
desired to design an amplifier with certain L and the task was to find 
capacitor values ?

• Design criteria to be used is:

ωCE = (0.7 − 0.9)ωL

ωC1 = ωC2 = (0.05 − 0.15)ωL

capacitors couplingoutput  andinput  are   C2C1,

resistor source  Rsor resistor 

 gstabilizinemitter  R // tocapacitor  bypass is C
EE

LC3C1CE
ωωωω that sure make =++

CE Amplifier low-frequency Design

Complete the design so that 𝑾𝑳 = 𝟏𝟎𝟎𝟎 𝒓/𝒔

𝝎𝑪𝟏 + 𝝎𝑪𝟐+𝝎𝑪𝑬= 𝝎𝒍 = 𝟏𝟎𝟎𝟎𝒓/𝒔

𝝎𝑪𝑬 ≥ 𝟕𝟎% 𝝎𝑳

𝝎𝑪𝑬 ≥ 𝟎. 𝟕 𝝎𝑳

𝝎𝑪𝑬 = 𝟖𝟗𝟎 𝒓/𝒔

𝝎𝑪𝟐 = 𝟏𝟎 𝒓/𝒔
  

𝝎𝑪𝟏 = 𝟏𝟎𝟎𝒓/𝒔

8k

3.5 k
𝑹𝑬  

𝑹𝑪  215k

76.5 k
𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

C2

5 k
𝑹𝑳 

DC

𝑽𝒔  
C10.5 k

𝑹𝒔  

CE

+

-

𝑉𝑜  

ℎ𝑖𝑒 = 5.78𝑘 , ℎ𝑓𝑒 = 450  
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𝝎𝑪𝑬 =
𝟏

𝑹𝑬𝑰𝑰 {
𝑹𝒔𝑰𝑰𝑹𝟏𝑰𝑰𝑹𝟐 +𝒉𝒊𝒆

𝟏 +𝒉𝒇𝒆
 } 𝑪𝑬

= 𝟖𝟗𝟎 𝒓/𝒔

∴ 𝑪𝑬 = 𝟕𝟐. 𝟐 𝝁𝑭

𝝎𝒄𝟏 =
𝟏

𝑹𝒔 + 𝑹𝟏𝑰𝑰𝑹𝟐𝑰𝑰𝒉𝒊𝒆 𝑪𝟏
= 𝟏𝟎𝟎 𝒓/𝒔

∴ 𝑪𝟏 = 𝟏. 𝟕𝟒 𝝁𝑭

∴ 𝑪𝟐 = 𝟏. 𝟓𝟒 𝝁𝑭

Choose 𝑪𝑬 = 𝟖𝟎 𝝁𝑭

𝑪𝟏 = 𝑪𝟐 = 𝟐 𝝁𝑭

∴ 𝝎𝑳 = 𝟗𝟖𝟐 𝒓/𝒔

ω𝐶𝐸 = 890 𝑟/𝑠

ω𝐶2 = 10 𝑟/𝑠
  ω𝐶1 = 100𝑟/𝑠

CE Amplifier low-frequency Design

𝝎𝒄𝟐 =
𝟏

𝑹𝑪 + 𝑹𝑳 𝑪𝟐
= 𝟏𝟎 𝒓/𝒔

Common Collector Low-Frequency Response

•Ac small signal low-frequency equivalent 𝑪𝑲𝑻:

𝝎𝒄𝟏 =
𝟏

𝑪𝟏 𝑹𝒔 + 𝑹𝟏𝑰𝑰𝑹𝟐𝑰𝑰{ 𝒉𝒊𝒆 + (𝑹𝑬𝑰𝑰𝑹𝑳 𝟏 + 𝒉𝒇𝒆 }

𝝎𝒄𝟐 =
𝟏

𝑪𝟐 𝑹𝑳 + 𝑹𝑬||{
𝑹𝒔𝑰𝑰𝑹𝟏𝑰𝑰𝑹𝟐 +𝒉𝒊𝒆

𝒉𝒇𝒆 + 𝟏
}

𝑹𝑬  

𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

𝑽𝒔(𝒕) 
C1

𝑹𝒔  

C2

𝑹𝑳 

+

-

𝑉𝑜  

b

e

c

C1

+

-

C2
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Common Gate Low Frequency Analysis
•Ac small signal low-frequency equivalent 𝑪𝑲𝑻

𝝎𝒄𝟏 =
𝟏

𝑪𝟏 𝑹𝒊 + 𝑹𝒔||
𝟏

𝒈𝒎

𝝎𝒄𝟐 =
𝟏

𝑪𝟐 𝑹𝑳 + 𝑹𝒅

𝝎𝒄𝒈𝒈 =
𝟏

𝑪𝒈𝒈 𝑹𝟏𝑰𝑰𝑹𝟐

C1

+𝑉𝐷𝐷  

s

Cgg

C2

𝑅𝐿  

s d

g
+

-

𝑹𝒊 

𝑅𝑠  𝑽𝒐  

𝑅2  

𝑅1  
𝑅𝑑  𝑽𝒊 

s d

C1 C2
g

Cgg
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