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Frequency Response 
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√𝟐
=

𝑨𝒗 ,𝒎𝒊𝒅
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Bandwidth = 𝝎𝑯 − 𝝎𝑳

Mid band range = 𝟎. 𝟏𝝎𝑯 − 𝟏𝟎𝝎𝑳

Bandwidth
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• The signal passed through an AC amplifier is usually a complex 
waveform containing many different frequency components, 
rather than a single frequency sine wave. 

• For example, audio- frequency signal such as speech and music 
are combination of many different sine waves accruing 
simultaneously with different amplitude and different frequencies 
in the range from 20𝑯𝒛 to 20𝒌𝑯𝒛. 

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

• Bandwidth must cover the entire range of frequency components 
if undistorted amplification is to be achieved.

Frequency Response 



Series Capacitance and low-frequency Response

1) at mid band range

𝑽𝒐 = 𝑨𝑽𝒊

𝑽𝒊 = 𝑽𝒔

∴
𝑽𝒐

𝑽𝒔
= 𝑨 = 𝑨𝒗(𝒎𝒊𝒅)

+

-

+

-

+

-

+

-



𝑽𝒐 = 𝑨𝑽𝒊

𝑽𝒊 =
𝑹𝒊

𝑹𝒊 +
𝟏

𝒋𝒘𝒄𝟏

𝑉𝑠

𝑨𝒗(𝒋𝝎) = 𝑨
𝟏

𝟏 + (
𝟏

𝑹𝒊𝒘𝒄𝟏
)𝟐

a) 𝑰𝒇 𝝎 → 𝟎 ; 𝑨𝒗(𝒋𝝎) → 𝟎

b) 𝑰𝒇 𝝎 → ∞ ; 𝑨𝒗(𝒋𝝎) → 𝑨

c) 𝑰𝒇 𝝎 =
𝟏

𝑹𝒊𝑪𝟏
; 𝑨𝒗(𝒋𝝎) →

𝑨

𝟐

+

-

+

-

2) At Low Frequency 

𝑽𝒐

𝑽𝒔
= 𝑨𝒗 𝒋𝝎 = 𝑨

𝑹𝒊

𝑹𝒊 +
𝟏

𝒋𝒘𝒄𝟏

𝑨𝒗 𝒋𝝎 = 𝑨
𝟏

𝟏 +
𝟏

𝒋𝑹𝒊𝒘𝒄𝟏

Series Capacitance and low-frequency Response



∴ 𝝎𝑳 =
𝟏

𝑹𝒊𝑪𝟏

Let 𝝎𝒄𝟏 =
𝟏

𝑹𝑻𝑯𝑪𝟏

𝝎𝒄𝟏 =
𝟏

𝑹𝒊𝑪𝟏

∴ 𝝎𝑳 = 𝝎𝑪𝟏

W

|𝑨𝒗(𝒎𝒊𝒅)|  𝑨 

|𝑨𝒗(𝝎𝒋) 

𝑨

√𝟐
=

(|𝑨𝒗(𝝎𝒋) , 𝒎𝒊𝒅)

√𝟐
 

WL

a) 𝑰𝒇 𝝎 → 𝟎 ; 𝑨𝒗(𝒋𝝎) → 𝟎

b) 𝑰𝒇 𝝎 → ∞ ; 𝑨𝒗(𝒋𝝎) → 𝑨

c) 𝑰𝒇 𝝎 =
𝟏

𝑹𝒊𝑪𝟏
; 𝑨𝒗(𝒋𝝎) →

𝑨

𝟐

Series Capacitance and low-frequency Response

Where 𝝎𝒄𝟏 is the corner frequency of 𝒄𝟏



Input and output coupling capacitors

1. At mid band range 

𝑽𝒐 =
𝑹𝑳

𝑹𝑳 + 𝑹𝒐
𝑨 𝑽𝒊

𝑽𝒊 = 𝑽𝒔

𝑨𝒗(𝒎𝒊𝒅) =
𝑽𝒐

𝑽𝒔
= 𝑨

𝑹𝑳

𝑹𝑳 + 𝑹𝒐

+

-

+

-

+

-

+

-



𝑽𝒐 =

𝑹𝑳

𝑹𝑳 + 𝑹𝒐 +
𝟏

𝒋𝝎𝒄𝟐

𝑨 𝑽𝒊

𝑽𝒊 =
𝑹𝒊

𝑹𝒊 +
𝟏

𝒋𝝎𝒄𝟏

𝑽𝑺

𝑨𝒗(𝒋𝝎) =
𝑽𝒐

𝑽𝑺
= 𝑨

𝑹𝑳

𝑹𝑳 + 𝑹𝒐

𝟏

𝟏 +
𝝎𝒄𝟏
𝒋𝝎

𝟏

𝟏 +
𝝎𝒄𝟐
𝒋𝝎

𝝎𝒄𝟐 =
𝟏

(𝑹𝒐 + 𝑹𝑳)𝑪𝟐

∴ 𝑨𝒗(𝒋𝝎) = 𝑨𝒗(𝒎𝒊𝒅)
𝟏

𝟏+
𝝎𝒄𝟏

𝒋𝝎

𝟏

𝟏+
𝝎𝒄𝟐

𝒋𝝎

𝝎𝒄𝟏 =
𝟏

𝑹𝒊𝒄𝟏

𝑨𝒗(𝒋𝝎𝑳) =
𝑨𝒗(𝒎𝒊𝒅)

√𝟐

2. At low frequency:

+

-

+

-

Input and output coupling capacitors

Where 



• A) Let 𝝎𝒄𝟏 = 𝟔𝟏𝟔 𝒓/ s

𝝎𝒄𝟐 = 𝟏𝟕. 𝟖𝟔 𝒓/ s

∴ 𝝎𝑳= 𝟔𝟏𝟔. 𝟓𝟏𝟕 𝒓/ s

• B) Let 𝝎𝒄𝟏 = 𝟐𝟎𝟎 𝒓/ s

𝝎𝒄𝟐 = 𝟕𝟓𝟎 𝒓/ s

∴ 𝝎𝑳= 𝟕𝟗𝟖 𝒓/ s

∴ 𝒊𝒇 𝝎𝒄𝟏 > 𝝎𝒄𝟐> 𝝎𝒄𝟑

∴ 𝝎𝒄𝟏 +𝝎𝒄𝟐 +𝝎𝒄𝟑> 𝝎𝑳> 𝝎𝒄𝟏

∴ (𝟏 +
𝝎𝒄𝟏

𝒋𝝎𝑳
)(𝟏 +

𝝎𝒄𝟐

𝒋𝝎𝑳
) = √𝟐

∴ 𝝎𝑳
𝟐 =

𝝎𝒄𝟏
𝟐 + 𝝎𝒄𝟐

𝟐

𝟐
+

(𝝎𝒄𝟏
𝟒 +𝝎𝒄𝟐

𝟒 + 𝟔𝝎𝒄𝟏
𝟐 𝝎𝒄𝟐

𝟐 )

𝟐

∴ 𝐴𝑣(𝑗ω) = 𝐴𝑣(𝑚𝑖𝑑)
1

1+
ω𝑐1
𝑗ω

1

1+
ω𝑐2
𝑗ω

𝐴𝑣(𝑗ω𝐿) =
𝐴𝑣(𝑚𝑖𝑑)

√2

Input and output coupling capacitors

𝑨𝒗(𝒋𝝎𝑳) =
𝑨𝒗(𝒎𝒊𝒅)

(𝟏 +
𝝎𝒄𝟏
𝒋𝝎𝑳

)(𝟏 +
𝝎𝒄𝟐
𝒋𝝎𝑳

)



𝑨𝒗(𝒋𝝎) = 𝑨𝒗(𝒎𝒊𝒅)

𝟏

(𝟏 +
𝝎𝒄𝟏
𝒋𝝎

)(𝟏 +
𝝎𝒄𝟐
𝒋𝝎

)

𝑨𝒗(𝒋𝝎𝑳) =
𝑨𝒗(𝒎𝒊𝒅)

(𝟏 +
𝝎𝒄𝟏
𝒋𝝎𝑳

)(𝟏 +
𝝎𝒄𝟐
𝒋𝝎𝑳

)

𝑨𝒗(𝒋𝝎𝑳) =
𝑨𝒗(𝒎𝒊𝒅)

√𝟐

∴ (𝟏 +
𝝎𝒄𝟏

𝒋𝝎𝑳
)(𝟏 +

𝝎𝒄𝟐

𝒋𝝎𝑳
) = √𝟐

∴ (𝟏 +
𝝎𝒄𝟏

𝒋𝝎𝑳
)(𝟏 +

𝝎𝒄𝟐

𝒋𝝎𝑳
) ≈ (𝟏 +

𝝎𝒄𝟏

𝒋𝝎𝑳
)

∴ (𝟏 +
𝝎𝒄𝟏

𝒋𝝎𝑳
) ≈ √𝟐

Let 𝝎𝒄𝟏 > 𝝎𝒄𝟐 ; 𝝎𝑳 > 𝝎𝒄𝟏

Since 𝝎𝒄𝟏 > 𝝎𝒄𝟐 𝒂𝒏𝒅 𝝎𝑳 > 𝝎𝒄𝟏

𝟏 + (
𝝎𝒄𝟏

𝝎𝑳
)𝟐 = 𝟐

∴ 𝝎𝒄𝟏= 𝝎𝑳 (Lower limit)

∴
𝝎𝒄𝟏

𝝎𝑳
< 𝟏 𝒂𝒏𝒅

𝝎𝒄𝟐

𝝎𝑳
≪ 𝟏



(𝟏 +
𝝎𝒄𝟏

𝒋𝝎𝑳
)(𝟏 +

𝝎𝒄𝟐

𝒋𝝎𝑳
) = √𝟐

𝟏 +
𝝎𝒄𝟏 + 𝝎𝒄𝟐

𝒋𝝎𝑳
−

𝝎𝒄𝟏

𝝎𝑳
.
𝝎𝒄𝟐

𝝎𝑳
= √𝟐

But 
𝝎𝒄𝟏

𝝎𝑳
< 𝟏 𝒂𝒏𝒅

𝝎𝒄𝟐

𝝎𝑳
≪ 𝟏

∴
𝝎𝒄𝟏

𝝎𝑳
.
𝝎𝒄𝟐

𝝎𝑳
≪≪ 𝟏

∴ let 
𝝎𝒄𝟏

𝝎𝑳
.

𝝎𝒄𝟐

𝝎𝑳
→ 𝟎

𝟏 +
𝝎𝒄𝟏+𝝎𝒄𝟐

𝒋𝝎𝑳
−

𝝎𝒄𝟏

𝝎𝑳
.

𝝎𝒄𝟐

𝝎𝑳
≅ (𝟏 +

𝝎𝒄𝟏+𝝎𝒄𝟐

𝝎𝑳

𝟐

To find the upper limit

(𝟏 +
𝝎𝒄𝟏 + 𝝎𝒄𝟐

𝝎𝑳

𝟐

= 𝟐

∴
𝝎𝒄𝟏+𝝎𝒄𝟐

𝝎𝑳
= 𝟏

∴ 𝝎𝑳 = 𝝎𝒄𝟏 + 𝝎𝒄𝟐

∴ 𝐢𝐟 𝝎𝒄𝟏 > 𝝎𝒄𝟐

𝝎𝒄𝟏 + 𝝎𝒄𝟐 > 𝝎𝑳 > 𝝎𝒄𝟏

Upper limit 



CE Amplifier low-frequency Analysis

𝑹𝑬  

𝑹𝑪  

𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

C2

𝑹𝑳 

DC

𝑽𝒔(𝒕) 
C1

𝑹𝒔  

CE

+

-

𝑉𝑜  

Ac small signal low- frequency equivalent 𝑪𝑲𝑻

b

e

c

+

-

C1

CE

C2

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 + 𝑹𝟏II 𝑹𝟐II 𝒉𝒊𝒆

∴ 𝝎𝒄𝟏 = 𝟒𝟒. 𝟗 𝒓/𝒔

b

e

c

+

-

C1

CE

C2

b

e

c

+

-

C1

CE Amplifier low-frequency Analysis



• 2) To find 𝝎𝒄𝟐, set 𝐶1 and 𝐶𝐸 short

𝝎𝒄𝟐 =
𝟏

𝑹𝑻𝑯𝟐
𝑪𝟐

𝑹𝑻𝑯𝟐
= 𝑹𝑳 +𝑹𝒄

𝝎𝒄𝟐 = 𝟏𝟕. 𝟖𝟔 𝒓/𝒔

b

e

c

+

-

C1

CE

C2

b

e

c

+

-

C2

CE Amplifier low-frequency Analysis



3) To find 𝝎𝑪𝑬, 𝒔𝒆𝒕 𝑪𝟏 𝒂𝒏𝒅 𝑪𝟐 𝒔𝒉𝒐𝒓𝒕

𝝎𝑪𝑬 =
𝟏

𝑹𝑻𝑯𝟑
𝑪𝑬

𝑹𝑻𝑯𝟑
= 𝑹𝑬 II 

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



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 = 𝟖𝟓𝟎 𝒓/𝒔

𝝎𝑪𝟐 = 𝟓𝟎 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 = 350  



𝝎𝑪𝑬 =
𝟏

𝑹𝑬𝑰𝑰 {
𝑹𝒔𝑰𝑰𝑹𝟏𝑰𝑰𝑹𝟐 +𝒉𝒊𝒆

𝟏 +𝒉𝒇𝒆
} 𝑪𝑬

= 𝟖𝟓𝟎 𝒓/𝒔

∴ 𝑪𝑬 = 𝟔𝟓. 𝟗𝝁𝑭

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 = 850 𝑟/𝑠

ω𝐶2 = 50 𝑟/𝑠

ω𝐶1 = 100𝑟/𝑠

CE Amplifier low-frequency Design

𝝎𝒄𝟐 =
𝟏

𝑹𝑪 + 𝑹𝑳 𝑪𝟐
= 𝟓𝟎 𝒓/𝒔



CS Low- Frequency Analysis

𝑹𝟏II 𝑹𝟐 = 𝟏𝟎𝟎𝒌 , 𝒈𝒎 = 𝟏𝟎 𝒎Ʊ

𝑪𝟏 = 𝟎. 𝟐 𝝁𝑭 , 𝑪𝟐 = 𝟏 𝝁𝑭 , 𝑪𝒔𝒔 = 𝟏𝟎 𝝁𝑭

Ac small signal low-frequency equivalent circuit: 

𝝎𝒄𝟏 =
𝟏

𝑪𝟏 𝑹𝒊 + 𝑹𝟏𝑰𝑰𝑹𝟐
= 𝟒𝟗. 𝟗 𝒓/𝒔

𝝎𝒄𝟐 =
𝟏

𝑪𝟐 𝑹𝑳 + 𝑹𝒅
= 𝟏𝟎𝟎 𝒓/𝒔

5k

+𝑉𝐷𝐷  

2k

C10.3 k

C2

Css

𝑹𝒊 

𝑅1  

𝑅3  

𝑅𝑑  

𝑅𝑠  𝑽𝒊 𝑅2  

5 k
𝑹𝑳 

+

-

𝑽𝒐  

𝑅1\\𝑅2  

𝑔𝑚 𝑣𝑔𝑠  

s

g d
𝑹𝒊 

𝑅𝑑  

𝑅𝑠  Css

C2

5 k
+

-

𝑽𝒐  

𝑹𝑳 

𝑽𝒊 C1



𝝎𝒄𝒔𝒔 =
𝟏

𝑪𝒔𝒔 𝑹𝒔𝑰𝑰
𝟏

𝒈𝒎

= 𝟏𝟎𝟓𝟎 𝒓/𝒔

𝝎𝒄𝟏 +𝝎𝒄𝟐 +𝝎𝒄𝒔𝒔 > 𝝎𝑳 > 𝝎𝒄𝒔𝒔

𝟏𝟏𝟗𝟗. 𝟗 𝒓/𝒔 > 𝑾𝑳 > 𝟏𝟎𝟓𝟎 𝒓/𝒔

𝝎𝑳 ≡ 𝟏𝟎𝟓𝟗. 𝟒 𝒓/𝒔

s

g d

Css

C2

5 k
+

-

𝝎𝒄𝟏 =
𝟏

𝑪𝟏 𝑹𝒊 + 𝑹𝟏𝑰𝑰𝑹𝟐
= 𝟒𝟗. 𝟗 𝒓/𝒔

𝝎𝒄𝟐 =
𝟏

𝑪𝟐 𝑹𝑳 + 𝑹𝒅
= 𝟏𝟎𝟎 𝒓/𝒔



All capacitors are neglected



Shunt Capacitance and the high-frequency Response

1) At mid band 

𝑽𝒐 = 𝑨𝑽𝒊

𝑽𝒊 =
𝑹𝒊

𝑹𝒊 + 𝑹𝒔
𝑽𝒔

∴ 𝑨𝒗(𝒎𝒊𝒅) =
𝑽𝒐

𝑽𝒔
= 𝑨

𝑹𝒊

𝑹𝒊 + 𝑹𝒔

CA

+

-

+

-

A Vi

+

-

+

-

A Vi



2) At high- frequency

𝑽𝒐 = 𝑨𝑽𝒊

𝑽𝒊 =
𝑹𝒊  

𝟏
𝒋𝝎𝒄𝑨

𝑹𝒊  
𝟏

𝒋𝝎𝒄𝑨
+ 𝑹𝒔

𝑽𝒔

∴ 𝑨𝒗(𝒋𝝎) =
𝑽𝒐

𝑽𝒔

∴ 𝑨𝒗(𝒋𝝎) = 𝑨
𝑹𝒊

𝑹𝒊 + 𝑹𝒔

𝟏

𝟏 + 𝒋𝝎𝒄𝑨 𝑹𝒔  𝑹𝒊

∴ 𝑨𝒗(𝒋𝝎) = 𝑨𝒗(𝒎𝒊𝒅)

𝟏

𝟏 + 𝒋𝝎𝒄𝑨 𝑹𝒔  𝑹𝒊

𝑨𝒗(𝒋𝝎) = 𝑨𝒗(𝒎𝒊𝒅)
𝟏

𝟏+ 𝝎𝑪𝑨 𝑹𝒔  𝑹𝒊
𝟐

A) for small ω ; 𝐴𝑣(𝑗ω) = 𝐴𝑣(𝑚𝑖𝑑)

B) for large ω ; 𝐴𝑣(𝑗ω) = 0

C) forω =
1

𝑐𝐴 𝑅𝑠𝐼𝐼𝑅𝑖
; 𝐴𝑣(𝑗ω) =

𝐴𝑣(𝑚𝑖𝑑)

√2

CA

+

-

+

-

A Vi



∴ ω𝑯 =
𝟏

𝒄𝑨 𝑹𝒔  𝑹𝒊

But ω𝑪𝑨 =
𝟏

𝑪𝑨𝑹𝑻𝑯

ω𝑪𝑨 =
𝟏

𝒄𝑨 𝑹𝒔  𝑹𝒊

∴ ω𝑯 = ω𝑪𝑨

ω𝑯 : The upper cut off frequency of the 𝑪𝑲𝑻

ω𝑪𝑨: The corner frequency of 𝑪𝑨

𝑨𝒗(𝒋ω) = 𝑨𝒗(𝒎𝒊𝒅)

𝟏

𝟏 + 𝒋ω𝒄𝑨 𝑹𝒔  𝑹𝒊

ω𝑪𝑨 =
𝟏

𝒄𝑨 𝑹𝒔  𝑹𝒊

∴ 𝑨𝒗(𝒋ω) = 𝑨𝒗(𝒎𝒊𝒅)
𝟏

𝟏+
𝒋ω
ω𝑪𝑨 WL WH W

|𝑨𝒗(𝝎𝒋)| 

|𝑨𝒗(𝒎𝒊𝒅)| 

A) for small ω ; 𝐴𝑣(𝑗ω) = 𝐴𝑣(𝑚𝑖𝑑)

B) for large ω ; 𝐴𝑣(𝑗ω) = 0

C) forω =
1

𝑐𝐴 𝑅𝑠𝐼𝐼𝑅𝑖
; 𝐴𝑣(𝑗ω) =

𝐴𝑣(𝑚𝑖𝑑)

√2



If we have two internal capacitors :

𝑨𝒗(𝒋𝝎) = 𝑨𝒗(𝒎𝒊𝒅)

𝟏

𝟏 +
𝒋𝝎
𝝎𝑨

𝟏 +
𝒋𝝎
𝝎𝑩

If 𝝎𝑨 = 𝟏 𝑴 𝒓/𝒔 , and 𝝎𝑩 = 𝟓 𝑴 𝒓/𝒔

𝝎𝑯 = 𝟎. 𝟗𝟔𝟒 𝑴 𝒓/𝒔

∴ if 𝝎𝑨 < 𝝎𝑩 ; 𝝎𝑯 < 𝝎𝑨

𝑨𝒗(𝒋𝝎) =
𝑨𝒗(𝒎𝒊𝒅)

𝟏 +
𝒋𝝎
𝝎𝑨

𝟏 +
𝒋𝝎
𝝎𝑩

assuming 𝝎𝑨 < 𝝎𝑩

∴ 𝟏 +
𝒋𝝎𝑯

𝝎𝑨
𝟏 +

𝒋𝝎𝑯

𝝎𝑩
= √𝟐

Since 𝝎𝑯 < 𝝎𝑨 , and 𝝎𝑯 ≪ 𝝎𝑩

∴
𝒋𝝎𝑯

𝝎𝑩
→ 𝟎

𝑨𝒗(𝒋𝝎𝑯) =
𝑨𝒗(𝒎𝒊𝒅)

𝟏 +
𝒋𝝎𝑯
𝝎𝑨

𝟏 +
𝒋𝝎𝑯
𝝎𝑩

=
𝑨𝒗(𝒎𝒊𝒅)

√𝟐

∴ 𝟏 +
𝒋𝝎𝑯

𝝎𝑨
≈ √𝟐

𝝎𝑯 = 𝝎𝑨



To find the lower limit

1 +
𝑗ω𝐻

ω𝐴
1 +

𝑗ω𝐻

ω𝐵
= √2

𝟏 + 𝒋𝝎𝑯

𝟏

𝝎𝑨
+

𝟏

𝝎𝑩
+

𝝎𝑯

𝝎𝑨

𝝎𝑯

𝝎𝑩
= √𝟐

Since 𝝎𝑯 < 𝝎𝑨 , and 𝝎𝑯 ≪ 𝝎𝑩

𝟏 +
𝒋𝝎𝑯

𝝎𝑨
𝟏 +

𝒋𝝎𝑯

𝝎𝑩
≈ 𝟏 + 𝒋𝝎𝑯

𝟏

𝝎𝑨
+

𝟏

𝝎𝑩
= √𝟐

𝝎𝑯=
𝟏

𝟏
𝝎𝑨

+
𝟏

𝝎𝑩
𝝎𝑯

𝝎𝑨
< 𝟏 𝒂𝒏𝒅

𝝎𝑯

𝝎𝑩
≪ 𝟏

0
𝝎𝑯

𝝎𝑨

𝝎𝑯

𝝎𝑩

∴



∴ if 𝝎𝑨 < 𝝎𝑩

𝟏

𝟏
𝝎𝑨

+
𝟏

𝝎𝑩

< 𝝎𝑯 < 𝝎𝑨

If 𝝎𝑨 = 𝟏 𝑴 𝒓/𝒔 , 𝝎𝑩 = 𝟓 𝑴 𝒓/𝒔

𝝎𝑯 ≡ 𝟎. 𝟗𝟔𝟒 𝑴 𝒓/𝒔

𝟏

𝟏
𝝎𝑨

+
𝟏

𝝎𝑩

< 𝝎𝑯 < 𝝎𝑨

𝟎. 𝟖𝟑 𝑴 𝒓/𝒔 < ω𝑯 < 𝟏 𝑴 𝒓/𝒔

𝟎. 𝟖𝟑 𝑴 𝒓/𝒔 < 𝟎. 𝟗𝟔𝟒 𝑴 𝒓/𝒔 < 𝟏 𝑴 𝒓/𝒔



FET High-Frequency Analysis

𝑹𝒊 = 𝟎. 𝟑𝒌 , 𝑹𝟏II𝑹𝟐 = 𝟏𝟎𝟎𝒌 , 𝑹𝒅 = 𝑹𝑳 = 𝟓𝒌

𝑹𝒔 = 𝟏𝒌 , 𝒈𝒎 = 𝟏𝟎 𝒎Ʊ

𝑪𝒈𝒅 = 𝟐 𝒑𝑭 and 𝑪𝒈𝒔 = 𝟓 𝒑𝑭

1) Common Source Amplifier 

Ac small signal high-frequency equivalent 𝑪𝑲𝑻

5k

1k

C10.3 k

C2

Css

5 k
+

-

s

g d

5 k +

-

Cgd

Cgs

Estimate ω𝑯



1) To find 𝝉𝒈𝒔 ; set 𝑪𝒈𝒅 open circuit

𝝉𝒈𝒔 = 𝑪𝒈𝒔𝑹𝒈𝒔

𝑹𝒈𝒔 = 𝑹𝒊II𝑹𝟏II𝑹𝟐

∴ 𝝉𝒈𝒔 = 𝟏. 𝟒𝟗𝟔 𝒏𝒔

∴ ω𝒈𝒔 =
𝟏

𝝉𝒈𝒔
= 𝟔𝟔𝟖. 𝟒𝟓 𝑴 𝒓/𝒔

s

g d

5 k +

-

Cgd

Cgs

s

g d

5 k +

-

Cgs



2) To find 𝝉𝒈𝒅 ; set 𝑪𝒈𝒔 open circuit

𝝉𝒈𝒅 = 𝑪𝒈𝒅𝑹𝒈𝒅

To find 𝑹𝒈𝒅

𝑹𝑳
− 𝑰𝑻 + 𝒈𝒎𝑽𝒈𝒔 + 𝑹𝒔

−𝑰𝑻 = 𝑽𝑻

∴
𝑽𝑻

𝑰𝑻
= 𝑹𝒔

− + 𝑹𝑳
− + 𝒈𝒎𝑹𝑳

−𝑹𝒔
− = 𝑹𝒈𝒅

𝝉𝒈𝒅 = 𝑪𝒈𝒅𝑹𝒈𝒅

𝝉𝒈𝒅 = 𝟐𝟎. 𝟔 𝒏𝒔

∴ ω𝒈𝒅 = 𝟒𝟖. 𝟓𝟒 𝑴 𝒓/𝒔

𝑽𝒈𝒔 = 𝑽𝒈−𝑽𝒔= 𝑽𝒈 = 𝑹𝒔
−𝑰𝑻

s

g d

5 k +

-

Cgd

s

g d

5 k +

-

s

g d

5 k +

-

Cgd

Cgs

𝑅𝑆
   = 𝑅1\\𝑅2\\𝑅𝑖  

𝑔𝑚 𝑣𝑔𝑠  

s

g d

𝑅𝐿
   = 𝑅𝑑 \\𝑅𝐿  

 

𝑽𝑻 

𝑰𝑻 𝐼𝑇 + 𝑔𝑚 𝑣𝑔𝑠  



𝟏

𝝉𝒈𝒅 + 𝝉𝒈𝒔
< ω𝑯 < 𝟒𝟖. 𝟓𝟒 𝑴𝒓/𝒔

𝟒𝟓. 𝟑 𝑴𝒓/𝒔 < ω𝑯 < 𝟒𝟖. 𝟓𝟒 𝑴𝒓/𝒔

ω𝑯 ≡ 𝟒𝟖. 𝟒 𝑴𝒓/𝒔

𝝉𝒈𝒅 = 𝟐𝟎. 𝟔 𝒏𝒔 ; 𝝉𝒈𝒔 = 𝟏. 𝟒𝟗𝟔 𝒏𝒔

∴ To increase the bandwidth, we must decrease 𝝉𝒈𝒅

𝝉𝒈𝒅 = 𝑪𝒈𝒅𝑹𝑳
− + 𝑪𝒈𝒅𝑹𝒔

− + 𝑪𝒈𝒅𝒈𝒎𝑹𝑳
−𝑹𝒔

−

𝝉𝒈𝒅 = 𝟓 𝒏𝒔 + 𝟎. 𝟔 𝒏𝒔 + 𝟏𝟓 𝒏𝒔 = 𝟐𝟎. 𝟔 𝒏𝒔

And to decrease 𝝉𝒈𝒅 ; we need to decrease𝒈𝒎𝑹𝑳
− ≅ 𝑨𝒗(𝒎𝒊𝒅)

Thus increasing bandwidth is usually achieved  by reducing the 
midband gain

∴ The product of gain and bandwidth tends to be 
constant. 

∴ ω𝒈𝒅 = 𝟒𝟖. 𝟓𝟒 𝑴 𝒓/𝒔

∴ ω𝒈𝒔 =
𝟏

𝝉𝒈𝒔
= 𝟔𝟔𝟖. 𝟒𝟓 𝑴 𝒓/𝒔



2) Common gate amplifier 

𝑹𝒊 = 𝟎. 𝟑𝒌 , 𝑹𝟏II𝑹𝟐 = 𝟏𝟎𝟎𝒌 , 𝑹𝒅 = 𝑹𝑳 = 𝟓𝒌

𝑹𝒔 = 𝟏𝒌 , 𝒈𝒎 = 𝟏𝟎 𝒎Ʊ

𝑪𝒈𝒅 = 𝟐 𝒑𝑭 and 𝑪𝒈𝒔 = 𝟓 𝒑𝑭

Estimate ω𝑯

Ac small signal high-frequency equivalent 𝑪𝑲𝑻

+𝑉𝐷𝐷  

C1 C2

𝑽𝒐(𝒕) 

𝑹𝒊 

𝑅1  𝑅𝑑  𝑅𝐿  

𝑽𝒊 
𝑹𝒔  

s

Cgg
𝑅2  

d

g +

-

+

-

s

d

g



1) To find 𝝉𝒈𝒔 ; set 𝑪𝒈𝒅 open circuit

𝑹𝒈𝒔 = 𝑹𝒔II𝑹𝒊II
𝟏

𝒈𝒎

∴ 𝝉𝒈𝒔 = 𝟎. 𝟑𝟒𝟗 𝒏𝒔

2) To find 𝝉𝒈𝒅 ; set 𝑪𝒈𝒔 open circuit

𝑹𝒈𝒅 = 𝑹𝑳  𝑹𝒅

∴ 𝝉𝒈𝒅 = 𝟓 𝒏𝒔

+

-

𝑽𝒐(𝒕) 

𝑔𝑚 𝑣𝑔𝑠  
s

d

𝑹𝒊 

𝑅𝑑 \\𝑅𝐿  
𝑹𝒔  

g

𝑽𝒊 
𝝉𝒈𝒔 = 𝑪𝒈𝒔𝑹𝒈𝒔

∴ ω𝒈𝒔 = 𝟐𝟖𝟔𝟓 𝑴𝒓/𝒔

∴ ω𝒈𝒔 = 𝟐𝟎𝟎 𝑴𝒓/𝒔

𝝉𝒈𝒅 = 𝑪𝒈𝒅𝑹𝒈𝒅
𝟏

𝝉𝒈𝒅 +𝝉𝒈𝒔
< ω𝑯 < 𝟐𝟎𝟎 𝑴𝒓/𝒔

𝟏𝟖𝟕 𝑴𝒓/𝒔 < ω𝑯 < 𝟐𝟎𝟎 𝑴𝒓/𝒔



BJT small signal high-frequency equivalent 𝑪𝑲𝑻

1) 𝑪𝒐𝒎𝒎𝒐𝒏 𝑬𝒎𝒊𝒕𝒕𝒆𝒓 𝒂𝒏𝒅 𝑪𝒐𝒎𝒎𝒐𝒏 𝑪𝒐𝒍𝒍𝒆𝒄𝒕𝒐𝒓

𝒓𝒃𝒃
− = (𝟐𝟎𝜴 − 𝟐𝟎𝟎𝜴)

𝒓𝒄𝒄
− = 𝒓𝒆𝒆

− = (𝟏𝜴 − 𝟐𝜴) → 𝟎𝜴

𝒉𝒇𝒆 𝒊𝒃 = 𝒉𝒇𝒆

𝒗  𝒃  𝒆

𝒉𝒊𝒆
=

𝒉𝒇𝒆

𝒉𝒊𝒆
𝒗  𝒃  𝒆 = 𝒈𝒎𝒗  𝒃  𝒆

e

c

𝑖𝑏  

ℎ𝑖𝑒  
𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑏𝑒  

𝑒  

𝑐𝑏𝑐  
𝑐  

e

𝒓𝒄𝒄
−



2) Common Base

b

c

ℎ𝑖𝑏  

ℎ𝑓𝑏 𝑖𝑒  

𝑖𝑒  

𝑒 

𝑐𝑏𝑒  

𝑟𝑏𝑏  

𝑏 

𝑏  

𝑐𝑏𝑐  

𝑐 e



Common Emitter Amplifier High-Frequency Analysis

𝒈𝒎 = 𝟑𝟑. 𝟓 𝒎Ʊ , 𝒉𝒊𝒆 = 𝟖. 𝟕𝟖𝒌

𝑹𝟏II 𝑹𝟐 = 𝟏𝟔. 𝟔𝟕𝒌 , 𝑹𝒔 = 𝟏𝒌 , 𝑹𝒄 = 𝟓𝒌

𝑹𝑳 = 𝟐𝒌 , 𝑹𝒆 = 𝟏𝒌 , 𝒓𝒃𝒃
− = 𝟓𝟎𝜴

𝑪𝒃𝒆 = 𝟏𝟕. 𝟐𝟓 𝒑𝑭 , 𝒂𝒏𝒅 𝑪𝒃𝒄 = 𝟏. 𝟖 𝒑𝑭

Estimate ω𝑯
Ac small signal high- frequency equivalent 𝑪𝑲𝑻

C2
C1

CE

+

-

𝑽𝒔  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 

𝑖𝑏  

ℎ𝑖𝑒  
𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑏𝑒  

𝑐𝑏𝑐  
𝑐 

𝑒  



1) To find 𝝉𝒃𝒆 , set 𝑪𝒃𝒄 open circuit

𝝉𝒃𝒆 = 𝑪𝒃𝒆 𝑹𝒃𝒆

𝑹𝒃𝒆 = (𝑹𝒔 𝑹𝟏  𝑹𝟐 + 𝒓𝒃𝒃
− ) II 𝒉𝒊𝒆

𝝉𝒃𝒆 = 𝟏𝟒. 𝟗𝟖 𝒏𝒔

∴ ω𝒃𝒆= 𝟔𝟔. 𝟕𝟔 𝑴𝒓/𝒔

2) To find 𝝉𝒃𝒄 , set 𝑪𝒃𝒆 open circuit

𝝉𝒃𝒄 = 𝑪𝒃𝒄 𝑹𝒃𝒄

To find 𝑹𝒃𝒄

𝑽𝒔  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 

𝑖𝑏  

ℎ𝑖𝑒  
𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑏𝑒  

𝑐𝑏𝑐  
𝑐 

𝑒  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 

ℎ𝑖𝑒  
𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 

𝑏  𝑐 

𝑒  

𝑽𝑻 

𝑰𝑻 



𝑹𝒔
− = { 𝑹𝒔 𝑹𝟏 𝑹𝟐 + 𝒓𝒃  𝒃 }  𝒉𝒊𝒆

𝑹𝑳
−. 𝑰𝑻 + 𝒈𝒎𝒗  𝒃  𝒆 + 𝑹𝒔

−𝑰𝑻 = 𝑽𝑻

𝒗  𝒃  𝒆 = 𝑹𝒔
−𝑰𝑻

∴
𝑽𝑻

𝑰𝑻
= 𝑹𝒃𝒄 = 𝑹𝒔

− + 𝑹𝑳
− + 𝒈𝒎𝑹𝑳

−𝑹𝒔
−

∴ 𝝉𝒃𝒄= 𝟕𝟖. 𝟗 𝒏𝒔
∴ ω𝒃𝒄 = 𝟏𝟐. 𝟔𝟕 𝑴𝒓/𝒔
𝟏

𝝉𝒃𝒆 + 𝝉𝒃𝒄
< ω𝑯 < 𝟏𝟐. 𝟔𝟕 𝑴𝒓/𝒔

𝟏𝟎. 𝟔𝟓 𝑴𝒓/𝒔 < ω𝑯 < 𝟏𝟐. 𝟔𝟕 𝑴𝒓/𝒔

ω𝐻 ≡ 10.7𝑀𝑟/𝑠

𝑹𝒔
     

𝑔𝑚 𝑣𝑏 𝑒  

𝑐 
𝑽𝑻 

𝑰𝑻 

𝑅𝐿
   = 𝑅𝐶\\𝑅𝐿  

 𝑒  

𝑏  

𝐼𝑇 + 𝑔𝑚 𝑣𝑏 𝑒  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 

ℎ𝑖𝑒  
𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 

𝑏  𝑐 

𝑒  

𝑽𝑻 

𝑰𝑻 

To find 𝑹𝒃𝒄

ω𝒃𝒆 = 𝟔𝟔. 𝟕𝟔 𝑴𝒓/𝒔



Common base amplifier
𝑹𝒔 = 𝟎. 𝟏𝒌 , 𝑹𝒆 = 𝟏𝒌 , 𝑹𝒄 = 𝟏𝟎𝒌 , 𝑹𝑳 = 𝟏𝟎𝒌

𝑹𝟏II 𝑹𝟐 = 𝟏𝟔. 𝟔𝟕𝒌 , 𝒉𝒊𝒃 = 𝟎. 𝟎𝟐𝟔𝒌 , 𝒓𝒃𝒃
− = 𝟎

𝑪𝒃𝒆 = 𝟐𝟎 𝒑𝑭 , 𝒂𝒏𝒅 𝑪𝒃𝒄 = 𝟐𝒑𝑭

Estimate ω𝑯

Ac small signal high-frequency equivalent 𝑪𝑲𝑻

b

e c

+

-

𝐶1 

𝑉𝑠  

𝐶2 𝑹𝒔  

𝑹𝑳 

𝑹𝒆  

𝑅1  

𝑅2  
𝑐𝑏𝑒  

𝑹𝑪  

+𝑽𝑪𝑪  



1) To find 𝝉𝒃𝒆 , set 𝑪𝒃𝒄 open circuit

𝝉𝒃𝒆 = 𝑪𝒃𝒆 𝑹𝒃𝒆

𝑹𝒃𝒆 = 𝑹𝒔II𝑹𝒆II𝒉𝒊𝒃

∴ 𝝉𝒃𝒆 = 𝟎. 𝟒𝟎𝟕𝟗𝟕 𝒏𝒔

∴ ω𝒃𝒆 = 𝟐𝟒𝟓𝟏 𝑴𝒓/𝒔

2) To find 𝝉𝒃𝒄 , set 𝑪𝒃𝒆 open circuit

𝝉𝒃𝒄 = 𝑪𝒃𝒄 𝑹𝒃𝒄

𝑹𝒃𝒄 = 𝑹𝒄II𝑹𝑳

∴ 𝝉𝒃𝒄 = 𝟏𝟎 𝒏𝒔

∴ ω𝒃𝒆 = 𝟏𝟎𝟎 𝑴𝒓/𝒔

𝟗𝟔. 𝟏 𝑴𝒓/𝒔 < 𝑾𝑯 < 𝟏𝟎𝟎 𝑴𝒓/𝒔

ω𝑯 ≡ 𝟗𝟗. 𝟖 𝑴𝒓/𝒔



Miller Effect Capacitor

𝑪𝒊𝒎 = 𝑪(𝟏 − 𝑨𝒗 𝒎𝒊𝒅 )

𝑪𝒐𝒎 = 𝑪 (
𝑨𝒗 𝒎𝒊𝒅 − 𝟏

𝑨𝒗 𝒎𝒊𝒅
)

C
𝐼1 

𝐼2 

𝑉2 = 𝐴𝑣(𝑗𝜔)𝑉1 𝑉1  𝑉2  
+
-

+
-

𝐼1
  

𝑉2 = 𝐴𝑣(𝑗𝜔)𝑉1 
𝑉1  𝑉2  

+
-

+
-

𝐼2
  

𝐶𝑖𝑚  𝐶𝑜𝑚  



𝑰𝟏 =
𝑽𝟏 − 𝑽𝟐

𝟏
𝒋ω𝒄

= 𝒋ω𝒄(𝑽𝟏 − 𝑽𝟐)

𝑰𝟏 = 𝒋ω𝒄(𝑽𝟏 − 𝑨𝒗(𝒋𝒘)𝑽𝟏)

𝑰𝟏 = 𝒋ω𝒄𝑽𝟏(𝟏 − 𝑨𝒗(𝒋𝒘))

𝑰𝟏 ≈ 𝒋ω𝒄𝑽𝟏(𝟏 − 𝑨𝒗(𝒎𝒊𝒅))

But 𝑰𝟏
− = 𝒋ω𝑪𝒊𝒎𝑽𝟏

For the two circuit to be equivalent 

𝑰𝟏 = 𝑰𝟏
−

∴ 𝑪𝒊𝒎= 𝑪(𝟏 − 𝑨𝒗(𝒎𝒊𝒅))

C

+
-

+
-

Miller Effect Capacitor

𝐼1
  

𝑉2 = 𝐴𝑣(𝑗𝜔)𝑉1 
𝑉1  𝑉2  

+
-

+
-

𝐼2
  

𝐶𝑖𝑚  𝐶𝑜𝑚  



𝑰𝟐 = 𝒋ω𝒄(𝑽𝟐 − 𝑽𝟏)

𝑰𝟐 = 𝒋ω𝒄(𝑽𝟐 −
𝑽𝟐

𝑨𝒗(𝒋𝒘)
)

𝑰𝟐 = 𝒋ω𝒄𝑽𝟐(𝟏 −
𝟏

𝑨𝒗(𝒋𝒘)
)

𝑰𝟐 ≅ 𝒋ω𝒄𝑽𝟐(
𝑨𝒗(𝒎𝒊𝒅) − 𝟏

𝑨𝒗(𝒎𝒊𝒅)
)

But 𝑰𝟐
− = 𝒋ω𝑪𝒐𝒎𝑽𝟐

∴ 𝑪𝒐𝒎= 𝑪 (
𝑨𝒗(𝒎𝒊𝒅) − 𝟏

𝑨𝒗(𝒎𝒊𝒅)
)

If 𝑨𝒗(𝒎𝒊𝒅) ≫ 𝟏

𝑪𝒐𝒎 ≅ 𝑪

C

𝐼2 

𝑉1  𝑉2  
+
-

+
-

𝑉2 = 𝐴𝑣(𝑗𝜔)𝑉1 

Miller Effect Capacitor

𝐼1
  

𝑉2 = 𝐴𝑣(𝑗𝜔)𝑉1 
𝑉1  𝑉2  

+
-

+
-

𝐼2
  

𝐶𝑖𝑚  𝐶𝑜𝑚  



Common Emitter High-Frequency Analysis

Using Miller-effect Capacitor

𝑪𝒊𝒎 = 𝑪𝒃𝒄(𝟏 − 𝑨𝒗(𝒎𝒊𝒅))

𝑪𝒊𝑻 = 𝑪𝒃𝒆 + 𝑪𝒊𝒎

𝑪𝒐𝒎 = 𝑪𝒃𝒄

𝑹𝑬  

𝑹𝑪  

𝑹𝟐  

𝑹𝟏  

+𝑽𝑪𝑪  

C2

𝑹𝑳 
C1

𝑹𝒔  

CE

+

-

𝑉𝑜  𝑽𝒔  

𝑽𝒔  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 

𝑖𝑏  

ℎ𝑖𝑒  
𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑏𝑒  

𝑐𝑏𝑐  
𝑐 

𝑒 

𝑽𝒔  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 
ℎ𝑖𝑒  

𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑏𝑒  

𝑐 

𝑐𝑖𝑚  
𝑐𝑜𝑚  



To find 𝝉𝑪𝒊𝑻 , set 𝑪𝒐𝒎 open

𝝉𝑪𝒊𝑻 = 𝑪𝒊𝑻 . 𝑹𝑻𝑯𝟏

𝑹𝑻𝑯𝟏
= 𝒉𝒊𝒆 | (𝒓𝒃𝒃 + 𝑹𝒔 𝑹𝟏  𝑹𝟐)

𝑪𝒊𝑻 = 𝑪𝒃𝒆 + 𝑪𝒊𝒎

𝑪𝒊𝒎 = 𝑪𝒃𝒄(𝟏 − 𝑨𝒗 𝒎𝒊𝒅 )

𝑨𝒗 𝒎𝒊𝒅 = −𝒈𝒎(𝑹𝒄  𝑹𝑳)

∴ 𝑪𝒊𝒎= 𝟖𝟕. 𝟗𝟕 𝑷𝑭

∴ 𝑪𝒊𝑻 = 𝟏𝟎𝟓. 𝟐 𝑷𝑭

∴ 𝝉𝑪𝒊𝑻 = 𝟗𝟏. 𝟑 𝒏𝒔

∴ ω𝑪𝒊𝑻 = 𝟏𝟎. 𝟗𝟓 𝑴𝒓/𝒔

Common Emitter High-Frequency Analysis



2) To find 𝝉𝒄𝒐𝒎 , set 𝑪𝑰𝑻 open

𝝉𝒄𝒐𝒎 = 𝑪𝒐𝒎 𝑹𝑻𝑯𝟐

𝑹𝑻𝑯𝟐
= 𝑹𝒄| 𝑹𝑳

∴ 𝝉𝒄𝒐𝒎= 𝟐. 𝟓𝟕 𝒏𝒔
ω𝒄𝒐𝒎 = 𝟑𝟖𝟖. 𝟗 𝑴𝒓/𝒔

𝟏𝟎. 𝟔𝟓𝑴 𝒓/𝒔 < 𝑾𝑯 < 𝟏𝟎. 𝟗𝟓 𝑴𝒓/𝒔

ω𝑯 ≡ 𝟏𝟎. 𝟕 𝑴𝒓/𝒔

𝑽𝒔  

𝑹𝒔  

𝑹 𝟏
||𝑹

𝟐
 

𝑹𝑪  𝑹𝑳 

ℎ𝑖𝑒  𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑏𝑒  

𝑐 

𝑐𝑖𝑚  
𝑐𝑜𝑚  

Common Emitter High-Frequency Analysis

𝑽𝒔  

𝑹𝒔  

𝑹𝟏||𝑹𝟐 𝑹𝑪  𝑹𝑳 
𝒉𝒊𝒆 

𝑔𝑚 𝑣𝑏 𝑒  

𝑟𝑏𝑏  
𝑏 𝑏  

𝑐𝑖𝑇  

𝑐 

𝑐𝑜𝑚  

∴ ω𝑪𝒊𝑻 = 𝟏𝟎. 𝟗𝟓 𝑴𝒓/𝒔




