CONCEPTUAL ToOLS By: Neil E. Cotter TRANSISTORS

FET
Common Source (CS) amp
CONFIGURATIONS
TooL: Common Source (CS) amplifiers and their AC models are shown here, along with
formulas for input resistance, R;,,, output resistance, R,,,;, and voltage gain, 4,,.
Resistive Load
VDD
Rp G D
Vi, O——e ¢ * O Vour
+
5 Vour <l 2
v v r
gs EmVgs [4 D
wo—d
S p—
* S
\Y4

(a) (b)
Fig. 1. CS amp with resistive load. (a) circuit, (b) AC model.

Rip = 00 Q Rout:RDHro Av:_gm(RDHro)
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I-source Load
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Fig. 2. CS amp with current-source load. (a) circuit, (b) AC model.

Rip = 00 Q Rout:rol||r02 Av:_gml(r01||r02)
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Diode Load
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Fig. 3. CS amp with diode load. (a) circuit, (b) AC model.
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Source Degeneration
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Fig. 4. CS amp with source degeneration. (a) circuit, (b) AC model.
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Source Degeneration with PMOS diode
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Fig. 5. CS amp with source degeneration PMOS diode. (a) circuit, (b) AC model.
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Source Degeneration with NMOS diode
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Fig. 6. CS amp with source degeneration NMOS diode. (a) circuit, (b) AC model.

1
Ry =00 Q Rows = |11 + 1+gm17'01'—||r02 ||RD
8m
gm1To1Rp
1
Tol +(1+gm1rol)g—|

|ro2 +Rp

m2


../../
https://ctools.ece.utah.edu/Transistors/_Transistors.htm

CONCEPTUAL ToOLS By: Neil E. Cotter TRANSISTORS

FET
Common Source (CS) amp
CONFIGURATIONS (CONT.)

REF: Behzad Razavi, Fundamentals of Microelectronics with Robotics and
Bioengineering Applications, 3rd Ed., Enhanced eText, New York, NY:
Wiley, 2021. ISBN: 9781119694397


../../
https://ctools.ece.utah.edu/Transistors/_Transistors.htm

	CONCEPTUAL TOOLS
	By: Neil E. Cotter
	Transistors
	FET
	Common Source (CS) amp
	Configurations (cont.)



	CONCEPTUAL TOOLS
	By: Neil E. Cotter
	Transistors
	FET
	Common Source (CS) amp
	Configurations





1
Rou = ['0| + (l +gmiol -7Hr02>] IRz
gm




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








1

Rou = | ror + (14 gmi7or)
8m2

{[roz | [IRe




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




D
vl}’l o_. -
+
Vgsl <l 8m1Vgsl Fol RD%
) S
\
o S
Vgs2 <T 8m2Vgs2 § oo
+
G D





8&mroRp
To+ (14 gnro)Rs + Rp





1 To1 R}
A= — 8miTol KD

1
For+(1+gmror) —||ro2 + Ro
P




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




Row = |ro+ (1 4+ gmro)Rs| ||Rp




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




G D
Vin O—o ¢
+
Vgs l EmVgs To Rp %
* 5

O Vour




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




1
Av=—gm (7 [[rotllra2
&

2








—onlRpllr,)




gs2 l gmzvgsz § /)
* S
o—S D
Vil’l O Vour
+
Vgsl l gmlvgsl ol





 
 
 
 
 
 
 
 
 
 








D
Vm 3 ! O Vour

+

VgS 1 l Em lvgsl 7ol RD

i S

G D

+

Vas2

l Em2Vgs2 § Y02

R








 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 












Vgs2 Em2Vgs2 § Y02

G D
Vin O Vour
+
Vgsl l Em1Vgsl Tol





Your




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








Your

VHV G




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




Rowr





O Vout




oot Cormmon e €5 s ad i A s s b, g i
i o s e o o 10 04,





		CONCEPTUAL TOOLS				By:  Neil E. Cotter		Transistors

								FET

								Common Source (CS) amp

								Configurations (cont.)

								



  

	

		 CONCEPTUAL TOOLS				By:  Neil E. Cotter		Transistors

								FET

								Common Source (CS) amp

								Configurations

								

								







Tool:	Common Source (CS) amplifiers and their AC models are shown here, along with formulas for input resistance, Rin, output resistance, Rout, and voltage gain, Av.

Resistive Load



	(a)	(b)

Fig. 1.  CS amp with resistive load.  (a) circuit, (b) AC model.



  TexMaths12§display§R_{in} = \infty \text{ } \Omega§svg§600§FALSE§	  TexMaths12§display§R_{out} = R_{D} || r_o§svg§600§FALSE§	  TexMaths12§display§A_v = -g_m (R_{D} || r_o)§svg§600§FALSE§





I-source Load

		

	(a)	(b)

Fig. 2.  CS amp with current-source load.  (a) circuit, (b) AC model.



  TexMaths12§display§R_{in} = \infty \text{ } \Omega§svg§600§FALSE§	  TexMaths12§display§R_{out} = r_{o1} || r_{o2}§svg§600§FALSE§	  TexMaths12§display§A_v = -g_{m1} (r_{o1} || r_{o2})§svg§600§FALSE§





Diode Load

		

	(a)	(b)

Fig. 3.  CS amp with diode load.  (a) circuit, (b) AC model.



  TexMaths12§display§R_{in} = \infty \text{ } \Omega§svg§600§FALSE§	  TexMaths12§display§R_{out} = \cfrac{1}{g_{m2}} \hspace{2 pt} || r_{o1} || r_{o2}§svg§600§FALSE§	  TexMaths12§display§A_v = -g_{m1} \left( \cfrac{1}{g_{m2}} \hspace{2 pt} || r_{o1} || r_{o2} \right)§svg§600§FALSE§







Source Degeneration

	

	(a)	(b)

Fig. 4.  CS amp with source degeneration.  (a) circuit, (b) AC model.



  TexMaths12§display§R_{in} = \infty \text{ } \Omega§svg§600§FALSE§	  TexMaths12§display§R_{out} = \left[ r_o + (1 + g_m r_o) R_{S} \right] || R_{D}§svg§600§FALSE§

  TexMaths12§display§A_v = - \cfrac{g_{m}r_{o}R_{D}}{r_o + (1 + g_{m}r_{o})R_{S} +
R_{D}}§svg§600§FALSE§



Source Degeneration with PMOS diode

	

	(a)	(b)

Fig. 5.  CS amp with source degeneration PMOS diode.  (a) circuit, (b) AC model.



  TexMaths12§display§R_{in} = \infty \text{ } \Omega§svg§600§FALSE§	  TexMaths12§display§R_{out} = \left[ r_{o1} + (1 + g_{m1} r_{o1})
\cfrac{1}{g_{m2}} || r_{o2} \right] || R_{D}§svg§600§FALSE§

  TexMaths12§display§A_v = - \cfrac{g_{m1}r_{o1}R_{D}}{r_{o1} + (1 + g_{m1}r_{o1})\cfrac{1}{g_{m2}}||r_{o2} + R_{D}}§svg§600§FALSE§





Source Degeneration with NMOS diode

	

	(a)	(b)

Fig. 6.  CS amp with source degeneration NMOS diode.  (a) circuit, (b) AC model.



  TexMaths12§display§R_{in} = \infty \text{ } \Omega§svg§600§FALSE§	  TexMaths12§display§R_{out} = \left[ r_{o1} + \left( 1 + g_{m1} r_{o1} \cdot \cfrac{1}{g_{m2}} || r_{o2} \right) \right] || R_D§svg§600§FALSE§

  TexMaths12§display§A_v = - \cfrac{g_{m1}r_{o1}R_{D}}{r_{o1} + (1 + g_{m1}r_{o1})\cfrac{1}{g_{m2}}||r_{o2} + R_{D}}§svg§600§FALSE§





Ref:	Behzad Razavi, Fundamentals of Microelectronics with Robotics and Bioengineering Applications, 3rd Ed., Enhanced eText, New York, NY: Wiley, 2021.  ISBN: 9781119694397
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