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Announcements

• No Lab this week
• Lab 1 next week

• Current ReadingCurrent Reading
• Razavi’s CMOS book chapter 2

2



Agenda

• MOS Transistor Modeling
• Large-Signal “DC” Model
• Small-Signal “AC” Model
• MOS Capacitors
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Triode Region

[Silva]
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• Channel depth and transistor current is a function of the overdrive 
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• Because VDS is small, VGC is roughly constant across channel length 
and channel depth is roughly uniform
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Saturation Region

[Silva]

x=0 x=L

VDSsat=VGS-VT
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VDS-VDSsat

• Channel “pinches-off” when VDS=VGS-VT and the current saturates
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• After channel charge goes to 0, the high lateral field “sweeps” the 
carriers to the drain and drops the extra VDS voltage

W
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MOS “Large-Signal” Output Characteristic

[Sedra]
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OUTPUT RESISTANCE (SATURATION REGION)

•Real channel lengthSATURATION REGION is side 
diff i

DL

•Drain current becomes
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effL
Inversely proportional to L!!!!!Inversely proportional to L!!!!!
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OUTPUT RESISTANCE (SATURATION REGION)

Channel Length Modulation
Drain current
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Depletion region
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Channel length modulation is a second 
(unreliable) order effect!
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(Badly) Represented in SPICE by using 
or a more complex model. 

Simulated and experimental results 
might be off by more than 100%

effL2

Measure this parameter!Measure this parameter!
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MOS “Large-Signal” Output Characteristic 
with Finite Output Resistancewith Finite Output Resistance

[Sedra]
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MOS “Large-Signal” Transfer Characteristic

[Sedra]
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Impact of Bulk Voltage

[Razavi]  [Razavi] 
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Large-Signal “DC” Response
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Large-Signal “DC” + 
Small-Signal “AC” ResponseSmall Signal AC  Response

• For small-signal analysis, we “linearize” the response 
about the DC operating pointabout the DC operating point

• If the signal is small enough, linearity holds and the 
complete response is the summation of the large-signal 
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“DC” response and the small-signal “AC” response



Low-Frequency Small-Signal Model

[Razavi]
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MOS Transistor: CAPACITORS

S G DB

Thick oxide
Thin oxideTRIODE REGION •GATE-CHANNEL CAPACITANCE
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CAPACITANCES (CGS, CGD)

Lateral diffusion effects
•Under diffusions overlap the transistor

S G DB

Thin oxide
•Under diffusions overlap the transistor 
terminals and the gate leading to the 
overlapping capacitances

OXDOVGDOVGS CWLCC  

substrate

P+ P+
LD

N+ Leff

•Effective channel length 
Leff=L-2LD

LD is technology dependent 
(SPICE PARAMETER)
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SATURATION REGION
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CDB  Source bulk (junction capacitor)

CChBChannel-bulk (junction capacitor)
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T i M d l C iTransistor Model: Capacitances
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MOS Gate Capacitors Response

Note: Cov=LDCox[Razavi]

19



Capacitances in 0.25 um CMOS Process

Cox(fF/um2) Cov(fF/um2) Cj(fF/um2) Cjsw(fF/um2)

NMOS 6 0.31 2 0.28

PMOS 6 0.27 1.9 0.22
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Other resistors: Source/Drain

Drain/Source Resistance

•Drain/Source Resistance

In addition to the contact resistance , 
the diffusion resistance has to be

D/S

the diffusion resistance has to be 
considered.
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Small Signal Model (Saturation region)
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