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CLCL

𝒇𝒈𝒃𝒘 =
𝒈𝒎𝟏,𝟐

𝟐 × 𝝅 × 𝑪𝑳

𝒈𝒎𝟏,𝟐= 𝒇𝒈𝒃𝒘 × 𝟐 × 𝝅 × 𝑪𝑳 = 𝟑𝟖 𝝁𝑺
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Demonstration

𝒇𝒈𝒃𝒘 = 𝑨𝟎 𝒇𝒑,𝒅𝒐𝒎

𝒇𝒑,𝒅𝒐𝒎=
𝟏

𝟐𝝅𝑹𝑯𝒁𝑪𝑯𝒁

LZ

HZ

ac GND

LZ

=
𝟏

𝟐𝝅𝑹𝒐𝒖𝒕𝑪𝑳

D

D

S

S

𝑨𝟎 = −𝒈𝒎𝟐𝑹𝒐𝒖𝒕

𝒇𝒈𝒃𝒘 = 𝑨𝟎 𝒇𝒑,𝒅𝒐𝒎 =
𝒈𝒎𝟏,𝟐

𝟐 × 𝝅 × 𝑪𝑳

Demonstration of 𝑨𝟎 = −𝒈𝒎𝟐𝑹𝒐𝒖𝒕

𝑹𝒐𝒖𝒕 = ro,casn // ro,casp

ro,casp

ro,casn

?

?
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Demonstration of 𝑨𝟎 = −𝒈𝒎𝟐𝑹𝒐𝒖𝒕

ro1
ro6

ro,casp

ro4

S6

𝑨𝟎 =
𝒗𝒐𝒖𝒕+−𝒗𝒐𝒖𝒕−

𝒗𝒊𝒏−−𝒗𝒊𝒏+
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𝒗𝒊𝒏−
=

𝒗𝒐𝒖𝒕+

𝒗𝒔𝟔
∙

𝒗𝒔𝟔
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𝑔𝑚6
1 + 𝑅𝐷𝑟𝑜6

−1

𝑅𝐷 =ro,casp = 𝑔𝑚8ro8ro10

𝒗𝒔𝟔

𝒗𝒊𝒏−
= - gm2(ro1//ro4//ro,s6)

-gm2vin-

𝒗𝒐𝒖𝒕+

𝒗𝒔𝟔
= gm6 (ro6//ro,casp) (Com_Gate)

gm6vs6

(Com_Source)

𝑨𝟎 = − gm2 (ro1//ro4//
1

𝑔𝑚6
1 + ro,casp𝑟𝑜6

−1 ) ∙ gm6(ro6//ro,casp)

𝑟o*

𝑨𝟎 = − gm2

𝑟𝑜
∗ 1

𝑔𝑚6
1+ro,casp𝑟𝑜6

−1

𝑟𝑜
∗+

1

𝑔𝑚6
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−1
∙ ×

𝑔𝑚6ro6ro,casp
ro6+ro,casp

= − gm2
𝑟𝑜

∗ ro6+ro,casp
𝑔𝑚6𝑟𝑜6𝑟𝑜

∗+ro6+ro,casp
∙

𝑔𝑚6ro6ro,casp
ro6+ro,casp

×
𝑔𝑚6ro6
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= − gm2
𝑔𝑚6ro6𝑟𝑜

∗∙ ro,casp
𝑔𝑚6𝑟𝑜6𝑟𝑜

∗+ro,casp

𝑟o,casn

= − gm2 ro,casn //ro.casp

𝑅out

𝒗𝒐𝒖𝒕+=(gm6𝒗𝒔𝟔 − 𝒊𝒐𝟔)ro,casp with 𝒊𝒐𝟔 =
𝒗𝒐𝒖𝒕+−𝒗𝒔𝟔

ro6

Half circuit method

= - gm2 (ro1//ro4//
1

𝑔𝑚6
1 + 𝑅𝐷𝑔𝑑𝑠 ) 
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Cascode, Thernmal noise
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ห𝒗𝒏,𝒐
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𝑻𝟏
= 𝟒𝒌𝑻𝜸

𝟏

𝒈𝒎𝟏
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𝟐

ห𝒗𝒏,𝒐
𝟐

𝑻𝟐
negligible (degenerated CS: 

𝑣𝑜

𝑣𝑝𝑒
≈
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1+𝑔𝑚2𝑟𝑜1
≈

𝑟𝑜𝑝

𝑟𝑜1
close to1)

𝒗𝒏,𝒊
𝟐 = 𝟒𝒌𝑻𝜸

𝟏

𝒈𝒎𝒑
+ 𝟒𝒌𝑻𝜸

𝟏

𝒈𝒎𝟏

𝒈𝒎𝟏𝑹𝒐𝒖𝒕
𝟐

𝒈𝒎𝒑𝑹𝒐𝒖𝒕
𝟐

𝒗𝒏
𝟐

= 𝟒𝒌𝑻𝜸
𝟏

𝒈𝒎
+

𝑲

𝑪𝒐𝒙𝑳𝑾
.

𝟏

𝒇

(Thermal noise +Flicker noise )

*𝒊𝒏
𝟐 = 𝟒𝒌𝑻𝜸𝒈𝒎

(Thermal noise)
𝒗𝒏

𝟐 =
𝑲

𝑪𝒐𝒙𝑳𝑾
.

𝟏

𝒇

(Flicker noise )

*

MOSFET

𝒗𝒏,𝒊
𝟐 ↘ if gmp (active T) ↗ ; and   gm1 (Load T)   ↘

⇒Active T in weak_Inversion ; and Load T  in strong_Inversion
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ro,casp

ro,casn

𝑨𝟎= − gm2 ro,casn //ro.casp

𝑅out

𝒓o,casn = 𝒈𝒎𝟔𝒓𝒐𝟔 𝒓𝒐𝟒//𝒓𝒐𝟐

𝒓o,casp = 𝒈𝒎𝟖𝒓𝒐𝟖 𝒓𝒐𝟏𝟎



ro,casn

ro,casp

𝑨𝟎= − gm1 ro,casn //ro.casp

𝑅out

𝒓o,casn = 𝒈𝒎𝟓𝒓𝒐𝟓 𝒓𝒐𝟑//𝒓𝒐𝟏

𝒓o,casp = 𝒈𝒎𝟕𝒓𝒐𝟕 𝒓𝒐𝟗
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