Digital IC Design and Architecture

CMOS MOS Inverter
e . | Static Characteristics
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ACTUAL INVERTER VOLTAGE TRANSFER ¢
v CHARTERISTIC (VTC)
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NOISE IMMUNITY AND NOISE MARGINS

V, -> max output voltage when outputis "1”
V; -> min output voltage when output is "0”

V., -> max input voltage which can be interpreted as "0~
V,;; -> min input voltage which can be interpreted as "1~
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V V
OH VDL VIL OH VIH VOL
Interconnect interconnect
- — — —

NOISE NOISE



NOISE IMMUNITY AND NOISE MARGINS

V> max output voltage when output is "1”

V., -> min output voltage when output is "0”

V,, -> max input voltage which can be interpreted as "0”

V.., -> min input voltage which can be interpreted as "1”

V
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JUSTIFICATION FOR VIL,
LET: Vout = f(vin)’ ’orut _ f(vin + Avnoise)

dvﬂllt 0
Vo =f(V, )+ —o o AV, +H.OteTn

Perturbed Output = Nominal Output + Gain x Ext. Perturbation



FIVE CRITICAL VOLTAGES: V_, V., V. V,, V,, determine:
--> DC Output Voltage Behavior
--> Noise Margins
--> Width and Location of Transition Region

POWER DISSIPATION AND DIE AREA
Power Dissipation -> HEAT T -> junction Temp

TJ -> ambient Tem
T- = T @P a p
a+ ® -> Thermal Resistance
P->P,.P, P -> Power Dissipated
PDC = VDD IDC
ASSUME: V ="17 30% of Op Time, "0” 50% of Op Time

PDC

m\<

[ e (V HOH)_|_IDC (Vm :nln)]

DIE AREA --> MIN W x L and routing --> limited by design rules
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CMOS Inverter Circuit
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CMOS Inverter Circuit
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Input Voltage (V)
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CALCULATE V_

Von
@ %+ L= IDp =1 =0
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CALCULATE V.,
Veo 1 =1, =0




CALCULATE V,
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ST (Vv

2\ L

: 5.59)
kK (W (
= _P(_] [z(vriu_ VDD_ VTDP)(VMI V ) (Vﬁllt V ) ]
2 \L J,
DIFFERENTIATING wrt V_ :
W Vi Y ‘n dy, b
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. {-1)
~(Vau= Vi) 2
(WY
ku( 1. ) (V Vmu - ( ] [2 out VIL_'_VTDP_ VDD]
SOLVING FOR 'V
2."' TOp V pT kRVTDu where kR — ];EI(EE)H (5.62)
1+k, ol )p

SOLVE Egs (5.59) and (5.62) for V. and V



CALCULATE V_,

V
o Vo
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k‘ ( ) : k1 ( ) |
iy 2(Vin_ V 11)V011 — Vou =P Vin_ V - V 5,64
2 L n[ TO t t] 2 L p( DD TOP) ( )

DIFFERENTIATING wrt V.

| AV V
kn[ L 111 TO n out out = k in VDD VTO p)

kn(m | = Vi + Vg + 2V | = kp(% (VIH — Vpp - UTDp)
n p

SOLVING FOR V,

V. = Vppt VT0p+ kR(2®+ Voo 11)
= 1+k,

(5.67)

k‘I]. (W/L) 1
k (W/L),

SOLVE Egs. (5.64) and (5.67) for V. and V__

where Kk, =



CALCULATE V

Vv DD _DD
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POWER SUPPLY CURRENT VSV




DESIGN OF CMOS INVERTERS

1
VTO 11+ \/k:(VDD_l_ VTO p)
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SOLVING FOR k,
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_ kln(W/L)n _ “’11 cﬂx(W/L)n _ “’11 (W/L)n ?
L= - -
K (WL), p,C(WL) u (WL)

FOR SYMMETRIC INVERTER V=V, =-V (kg )symnesc =1

inverter

(W/L), e kp=1 (W/L), up
(W/L), M (W/L),  uq
2
(WIL), _ My _ 230"qu > » (W/L), =2.5(WI/L),
(W/L), un, 580cm/Vs
V, = %(3 Vop+ va) solve egs. (5.59) and (5.62)
1 solve eqs. (5.64) and (5.67)
Vi = §(5 Vop— ZVTG)

NOTE: V, +V, =V,
NM, =V, -V, =V, -V, =@3/8V, +2/8)V,

NM, =V, -V =V, =@3/8V, +@2/8V,



POWER DISSIPATION CONSIDERATIONS

YED VDD
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Minimum Area MOS Transistor Layouts

COLOE LEGEND
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DIE AREA CONSIDERATIONS
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RESISTIVE-LOAD INVERTER

\Y
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Vi CALCULATION OF V © v
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CALCULATION OF V: !

Vpp -V V. k 2
R_EUt( m) _ zn (Vin _ VTD,H)

Differentiate wrtto V., 1.e.
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CALCULATION OF V_:
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CALCULATION OF V.
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SUMMARY - RESISTIVE LOAD INVERTER
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POWER DISSIPATION - RESISTIVE LOAD INVERTER 16
_ Voo

Py = 5 [IDC (Vi ="0") + I (V, ="1" )] @ VDD
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SATURATED ENHANCEMENT-LOAD INVERTER “
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Load -> Sat, Driver -> Cutoff @ Voy

E(E) (V VO[H V ) — 0
2\ L /i
Load -> Sat, Driver -> Sat . .

(1] v =Y

2 \L 2\ L
Load -> Sat, Driver -> Lin © Vi,V
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) ?[IJL(VDD - Voui B VT ' L) = ?[ L )d(z[vlll VTO II]V()ut — Vo211t)



