Allgemeines/Konstanten
k=8.617-107°% =1.38 - 1072 Z

e=1.6022-10"19C

g0 =8.854- 107125 =8.854 - 1014
5T(SiOQ) =39~4

e-(Si) = 11.8
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Vem

Vin

Temperaturspg.:
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kT TZ%E)OK

26mV

1010
cm3

n; =145

1A =109 = 10~8¢em

Cy =245 Cor=1L5  Cor=025L8
Si: BE.— E, =1.1eV
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Frequenz: [ = %
Bool’sche Logik
De-Morgan: a A\b=aVb aVb=aAb
Absorption: a V (a Ab) =a A(aVvbd)=a

Konsensus

(avb)(@ve)(bVe)=(aVvb)(aVc)
abVacVbc=abVac

Kondensator
Aufladung

—t

Vour = Vin - (1= ¢

Vi

t:—7'~1n(1—@>

Entladung
—t
Voue = Vin - (¢7)

Vout
t=—7- ln (W)
T=RC

)

Ladung des Kondensators

Q=cv

Strom des Kondensators

— 4Q
I_dt

MOS Transistor

Intrin. Ladungstriger-Konzentration

n; = 1.45-109¢m=3

Mass-Action-Law: np = nf

Im n-dotierten Halbleiter:2

n~ Np > n; P

ns

— i

Np

Im p-dotierten Halbleiter:

P~ Ng>n;

,n2

n= -

Na

Erg

Q. QB
/— EC
2|0p| [@F EEF
@] jo%

Effektives Fermi-Niveau:

q¢r = Ep — EF;
NMOS: ¢Fp =
PMOS: ¢p, =
Oxid-Kapazitit:

Cox = tow
Oxid-Dicke: .

Eox

KTy (%) (< 0)
% In (nﬁ) (>0)

Eox = Er " €0

A=10"10m o

tox < DM =

50A

Weite der Raumladungszone:

Xa = qNa

Maximum bei ¢g =

2esi|ps—¢r|

—¢F

Ladung der Raumladungszone:
Qp=%tgNXs=%/2qNscsi|¢s — or| |-
Maximum bei ¢pg = —dp
(-: NMOS, +: PMOS)

Potentialdifferenz Gate-Substrat:

pac = ¢a — ¢c

Flatband Voltage: Vi = ¢GC -

Threshold Voltage

Qox

Cox

Vi = Vo +7 (v/Ves + 20 - v/210x])
Vro = Vi — 2¢p — %ﬁ

Verschieben von Vi

Cox AV

NI:%: q

Velocity-Saturated Current Equations

Effektive Mobilitat

— Ho
He = Vgs —Vr )"
L+ ()

Body-Factor

1= o VI [V

ox

Querstrom (eingeschwungen)

Inc = VDDRZVOL

Eep =6-101L
E,, =24-10"1
VDsat =

(Vgs—Vr)-E.L
(Vas—Vr)+E.L

]

Transconductance Parameter

K =nCox k=K%

Alpha-Power Law:

Ins = Ks% (Vas — Vr)® mit o &~ 1.25
Ins = K1, % (Vas — V) Vs

= VDsat = %(VGS - VT)O(71

Bereichs-Abschitzung:

Vags < Vi — sicher Cutoff|

Vbs > Vgs — wahrsch. Sattigung

Vbs < Vas — wahrsch. linearer Bereich
Vbs = Vas — sicher Séattigung

Ip long channel

Vbs < Vas — Vir: linear

In =% [(Vas — Vi) Vbs — Vi3]
Vps > Vas — V! saturation
Ip = 5(Vas — Vr)2(1 + AVps)

Ip short channel (!)
(Vas=Vr)E.L

Vbs > Was V)4 BT linear:
W peCox Vi
Ipg = - Hevee (Vs — Vi — ¥8%) Vg
1+522)
(Vas—Vr)E.L

VDS < m: saturation

(Vas—Vr)?vsat

Ips = WCoxy Vos Vot B L Wit Usar =

Ecpe
2

Diode
Ip = Is (exp(V3/Vin) — 1)

_ kT NaNp
op = (%432)
C.o = £8i — €siq ., _NaNp fF
Jjo Xgq 2¢p Na+Np um?2

Beim abrupten pn Ubergang:

o~y [ EsiqNa
CJO ~ 268

MOS Capacitances

2 G

| |
S Cat Jtox Ce=

Thin-Oxide (— Gate) Capacitance

_ _ ox fF
Cp = LCox = Lz = 1645
Bereiche

Cgb
1
2
Acc ) L," \
VILB Depl. \}T VDerVT Vas
Cutoff
‘CGS Cop CaB
Cutoff (Vgs =0)| 0 0 ic,
Linear 10y 1Cy 0
Sattigung %Cg 0 0

pn Junction Capacitance:
Bottom Area: Ay, = WY

Sidewall Area: Ay, = Wﬂu‘j
O = Cn(ArtAsw) _ CpW(Yta;)
J = v\ = v\
(1-3%) (1-3%)
abrupter Ubergang: m = 0.5
1

o432
Keq= gj = v22—¢51 [(@53 — Vo) — (¢5 — Vl)%]
Large Signal effective Cj:
CJ - KequbW(Y + xj) = CJW

Overlap Capacitance:

C(01 = Cov + Cf
Cr = st In (1 + Lf:ly)
Cov = C’ox . LD

Noise Margin

Single Source (SSNM):
SSNMpy = Vou — Vs
SSNMy, = Vs — Vi,
Multiple Source (MSNM):
NMy = Vou — Vi

NMp = Vi, — VoL

MOS Inverter

Resistive-Load-Inverter

~ Vbp
VOL ~ 1+kRL(VDD7VT)
Vou = Vbp
1

V;L = VT + %R

T — 8Vpp _ _1
Vin = Vr + 3kRL ~ kRL
V . VVUsatc'oz(‘/S_V'T)2 — Vbp—Vs

8 T (Vs—Vr)+E.L Ry



2
VAR kEcL
2

Ve — — +VppVr—Vpp E. L
S = T T ViRLkE.L+Vop+Vr—E.L
2V
‘/ouL = 3;“%2
‘/ouH =7
Vi Vo
IDSInax = % wenn Vout = ‘/OL

Saturated Enhancement Load
Vs = Vou = Vbp — V1
Vo = Voo — Vo (Von)

(iter. Losungsverfahren mit Vou start = Vop—Vr)

W TLC()(L' V()2\ly
L L Vout (‘/m - VTI)Vout - t
L 14 Yout

EcNnLg
VVL‘/vsatC’om(‘/DD_VVOM_‘/TL)2

(Vbp—Vout—VrL)+EcnLL
CMOS Inverter
Vou = Vbp Vor, =0V

_ 2Vout— VDD*|VTP|+(7€N/’€P)VTN
ViL = 1+(kn/kp) mit Vour =
Vour 2Wonet Ve +(kn /kp) (Vop —|Vrp|)

4 — out TN N P DD — TP :
Vin = T+(kn /kP) mit
Vout = VouH

W
X = EcNLN _ W pin
= Y =
ECPPLP Weip
Vpp—| V- \%
Vg = Yoo | 11’>X\+X TN
Pseudo-INMOS Inverter
Vor = Vbp

Voo : Ipp (bat) = Ipn (hn)
Wpvsat Cox (Voo —|Vrp|)?
Vop—|Vre|+EcpLp

w Cox Vol
T e+ (Vpp — Ven) VoL — —84

N (1+

EcNLN

Inverter Sizing
50% Point: tpn = tpn = 0.69R.zCY,
Equivalent On-Resistances
Reqn = 12.55¢  Reqp, = 3058

eqn — g eqp [
Pull-Down / Pull-Up Resistance

_ L _ L

RN—Reqn'ﬁ RP—Reqp'WZ

_ |
RP - 0'7IDsat,p

: . — Wi WoWs
Series Stack: Weq = W Wt WaWa b Wi Ws
Parallel Devices: Weq =Wi+ Wy +W;5

Latches und FFs
RS Latch NOR, active high
S R|Q1 Q2
hold 0 0|Q2 Q1

RS Latch NAND, active low

Q
Q
| CK
Master ! Slave
D Latch / FF
D QH D Q- Out
CK CK
CLK

CMOS Power Dissipation
Static (Standby) Power
Ppc = IncVpp

P = aCV3p foLk + leakVop
Dynamic (Switching) Power

Capacitance Switching Current / Power

ID,avg = O% = %‘Ewmg = OLVDDfavg
Pcap = ID,angDD = CLVDszavg =
20—1CLVED fok

Qo1 = #toggles

2+#tclock cycles
Crowbar Current / Power

ISC = Ajtﬂsc ISC,avg mit Atsc = Atscr + Atscf
Psc = Atsclsc,ave Vo fax = CscVip fox =
ascCLVED feix

Pswitching = cap+PSCazao}lJraSCaCLVI%chlk
Power and Delay Tradeoffs
PDP = Pt, = 1CV{,

C*Vi,

EDP = PDP - ¢, = [Js]

2K2(VDD7VT)

1
tp:ﬁ

Wire Capacitance
Cyire = Cint Lw = 0-2%- wire length
Cload = Cfanout + C1self + Cwire

Path Delay Optimization
total_delay = > R;C;

Cout

K
Fanout Ratio: f = re?
n

o def
mv —

Cin

Tiny = 3ReqnCsLn
Tnand — 4ReangLn Tnor =— 5ReangLn
tdelay = Reff(cout+cself) = Tinv (

o= tphlt+tpln
P 2

‘tElmore = Rlcl =F (Rl =F R2)C

ol Cj N W
total_ delay = > 7 (JT?‘F’Y) =37 ( ij—l +’Y)
Jj=1 j=1
= VWiiWin

fanout _delay = TC]C,+1

out

CC"l N + ,Yinv)

optimal_fanout_delay = (][] fanout,delay)%
fNCin = C’load
Logical Effort

LE— Teate _ (RetC10ad Cin) gate
Tinv (ReffCload Cin)inv

4 5

LEinv =1 LEnand =3 LEnor =3

Parasitic Term: P = LE - v
Normalized delay

D= 7tota;l]ielay = Z(LE -FO + P)
=N -SE* + Z P
Fanout: FO = Jci‘:l

total_path_effort = [[(LE - BE - FO)
=[[LE - BEGg

1
optimal_stage_effort: SE* = total_path_effort ¥

Capacitive Feedthrough LVI
AV = —S—AV; Cr
Cs+Cgna Vs
Charge Sharing 2
* _ C1Vi4+CoV; nd
1% 101+C§ 2 g ;

CMOS Transmission Gate

L
RTG = ReqnW

Cin,oﬁ = Cout,off = CCH(WN =+ Wp) =
Cin,on = CYout,on = eﬂ2W —+ CgW
Domino Logic
P
F1 Fa
NMOS NMOS| NMOS!

Logical Effort

Ceg2W

F3

NAND3 -
A{[ﬂvzw B~ 2w C#[f‘zw

A 3w
B[ 3w
cH[ 3w

NOR3 B
CH[ _sw
B[ sw
A 6w

A%[f‘w B[ w C%[f‘w
-




