CMOS INVERTER
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The Ideal Gate
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DC Operation:
Voltage Transfer Characteristic
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CMOS Inverter VIC
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Mapping between analog and digital signals
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Detinition of Noise Margins

NMHu = VoH - Vin (High input)

NML = VoL - ViL  (Low input)
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Gate Output —  Gate Input
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Fan-in and Fan-out
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The CMOS Inverter:
A First Glance
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Delay Definitions
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Switch Model of CMQOS Transistor

P

”— —

SN
I ViV

Vgs| > |V

Vas| <[V

Diaital Intearated Circuits Inverter © Prentice Hall 1995

CMOS Inverter: Steady State Response

ROH
Vou = Vpp
Vout ° Vout VOL= 0
Ron Vm = f(Ronn!Ronp)

Vin=VbDD Vin=0

Diaital Intearated Circuits Inverter © Prentice Hall 1995




CMOS Inverter: Transient Response
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CMOS Inverter Propagation Delay
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Dynamic Behavior of MOS Transistor
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The Gate Capacitance

(a) Top view.

(b Cross-section
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Average Gate Capacitance

Different distributions of gate capacitance for varying
operating conditions

Operation Region Cop Cos Cog
Cutoff CoxWigp 0 0
Triode 0 CoxWLlog!2 CoxWLlog!2

Saturation 0 (23)C, WL, & 0

Most important regions in digital design: saturation and cut-off
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Diffusion Capacitance

Channel-stop implant
Mg+

Channel

Lg Substrate Ny

Cd.tjj" = Cboiiom +C‘SW = CJ?'XAREA—l_Cij x PERIMETER

Chp =C.LW +C . (2Ls +2W)
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Junction Capacitance
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Linearizing the Junction Capacitance

Replace non-linear capacitance by
large-signal equivalent linear capacitance
which displaces equal charge
over voltage swing of interest
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The Miller Effect
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“A capacitor experiencing identical but opposite voltage swings

at both its terminals can be replaced by a capacitor to ground,
whose value is two times the original value.”
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Computing the Capacitances
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Computing the Capacitances

Capacitor Expression
Coaql 2 CGD0 Wy
Ced2 2 CGDO W,
Cap1 Kegn (ADy CI + PDy, CISW)
Capn Kegp (AD, CI + PDy, CISW)
CgS Cox Wi Ly
Cog Cox Wy Ly
C,, From Extraction
Cr >
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Capacitances: Typical values

Table 3.5 Capacitance parameters of NMOS and PMOS transistors i 0.25 im CMOS process.

" G C';,. m 0, C - M, 0y,
(fFum?) | (fFum) | (£F/pun) (" | (Fum) (1)
. ________________________|
NMOS 0 0.1 ) 0.5 0.9 0.28 .44 0.9
PMOS 0 0.27 19 .48 0.9 0.22 0.32 0.9
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