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ECE334 Digital Electronics Equation Sheet
Constants: k 1.38 10 23–× JK 1– ;= q 1.602 10 19–× C= ;

ε0 8.854 10 12–× F/m= ;
VT kT q⁄= 26mV at 300 ≈ °K ;

; ;NMOS: (active) ID 0.5βn VGS Vtn–( )2
=ID βn VGS Vtn–( )VDS VDS

2 2⁄( )–( )=

kox 3.9 ;=

βn µnCox W L⁄( )= ; Vtn 0> ;VDS 0≥ ; (triode)

; ;PMOS: (active) ID 0.5βp VGS Vtp–( )2
=ID βp VGS Vtp–( )VDS VDS

2 2⁄( )–( )=βp µpCox W L⁄( )= ; Vtp 0< ;VDS 0≤ ; (triode)

(triode) VDS VGS Vtn–( )≤ (active) VDS VGS Vtn–( )≥; ;

(triode) VDS VGS Vtp–( )≥ (active) VDS VGS Vtp–( )≤; ;

Cox koxε0( ) tox⁄= ;caps:

Cg CoxWL= ; if Lmin ; Cgu CoxLmin≡ ;Cg CguW= ; Cd Cs CduW= =

Cj Cj0 1 VR φ0⁄+( )
Mj⁄= ;

Simple cap model:

Vtn Vtn0 γ VSB φs+ φs–( )+= ;

(subthreshold) ID ID0e
VGS Vtn–( ) nVT( )⁄( )

1 e
VDS VT⁄–

–( )=

CMOS inverter: VTH VDD Vtp Vtnr+ +( ) 1 r+( )⁄= r µn W L⁄( )n( ) µp W L⁄( )p( )⁄=

;

; ;
RC delay est: tdr tdf 1.2τ= = ; τ ReqC= Reqn 2.5 µnCox W L⁄( )n VDD Vtn–( )( )⁄=; Reqp 2.5 µpCox W L⁄( )p VDD Vtp+( )( )⁄=; ;

;

Wp Wn⁄( )opt µn µp⁄=
Min delay:

tdf2 tdf1⁄ CL2 CL1⁄( ) W L⁄( )n1 W L⁄( )n2⁄( )×=

tdelay τinv Cout Cin⁄( )=
Unit delay est:

totaldelay Nfτinv=

;

;; fN Cout Cin⁄= ; usually f 4=

Power diss: Pdyn P1 0→ fCLVDD
2

= ; Pdp 0.5P1 0→ fVDDIpeak tr tf+( )= ; Ipeak 0.5βn VTH Vtn–( )2
= ;

Elmore Delay: τi CkRik
k
∑≅ ;

Interconnect: R ρl( ) tw( )⁄= ; ;R ρ t⁄= C εoxwl( ) t⁄= C εoxl w h⁄ 0.77 1.06 w h⁄( )0.25 1.06 t h⁄( )0.5
+ + +( )= ;

dist RC, τ RC 2⁄≅ ;

Max delay constraint: Tc tpcq tpd tsetup+ +≥ Min Delay constraint: thold tccq tcd+≤ Metastability: MTBF e
T τs⁄

trdFDFCLK( )⁄=

SRAM: M3 is cell access transistor, M1 is inverter NMOS, M5 is inverter PMOS,
SRAM read: W1 W3⁄ VDD VA– Vtn–( )2 2 VDD Vtn–( )VA VA

2 2⁄–( )( )⁄≥ ; Icell µnCox( ) 2⁄( ) W3 L⁄( ) VDD 2Vtn–( )2=

∆VBL Icell∆t( ) CBL⁄=

SRAM write: W3 W5⁄ µp VDD Vtp+( )2( ) 2µn VDD Vtn–( )VA VA
2 2⁄–( )( )⁄≥


