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Simple Transistor Model 

Cutoff, subthreshold, or weak-inversion mode
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Notation

IDSp

IDSn

VDSp

– 

+

VDSn

+

– 

Current 
Notation

Voltage 
Notation

S

S

D
D

G

G

S

S

D
D

G

G

S

S

D
D

G

G



Switching (2F) 5 Young Won Lim
10/31/13

Input Voltage
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Output Voltage
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Characteristic Curves (1)
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Characteristic Curves (2)
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Characteristic Curves (3)
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Characteristic Curves (4)

VDSn

IDSn

VDSp + Vdd

IDSn VDSn

+

– 

V
in
= 

+

– 
VGSn

S

S

D
D

G

G

VDSp

+

– 

V
in
= 

- IDSp

S

S

D
D

G

G

– 

+
VGSp

V i n = V GSp + V dd = V GSn

V out = V DSp + V dd = V DSn

-IDSp



Switching (2F) 11 Young Won Lim
10/31/13

Characteristic Curves (5)
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VGSn

VGSp

Characteristic Curves (6)
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Voltage Transfer Curve (1)
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Voltage Transfer Curve (2)
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Voltage Transfer Curve (3)
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Noise Margin
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Transconductance Parameter (1)
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Transconductance Parameter (2)
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Rising and Falling Time
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Rising and Falling Time
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Propagation Delay
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Load Capacitance

C i n = 3Cg

Big Capacitance

● A signal connected off-chip
● A signal with very long wire
● A clock signal driving many flip-flops 
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Characteristic Curve
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