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and, or, xor, ... latch, FF, Memory
*Output transitions with *Output Transitions with
inputs. a clock or S/R.

*Holds its value.
Logic Design

Performance (speed, power, size)



The Ideal Inverter

VouTt
Vop Voo
VIN Vourt
Voo Vin
Vout = Voo at Vn=0
Vour =0 at Vin=Vop

But what about between 0 and V,5?



The Ideal Inverter

Voo Voo :
VIN Vout
Voo Vin
Vout = Voo for  v)y<Vppl2
Vour=0 for v,y>Vpp/2

At V,p/2 itis either Vyp, 0, or undefined.



A General Inverter v
ouT

Voo Voo

VIN Vourt

Voo Vin

Observations:

¢ Vout doesn’t necessarily equal Vg at v, =0.
¢ Vout doesn’t necessarily equal 0 at v, =V
 There is a transition region in between.

« The slope, vou7'(Vin), IS always negative.




A General Inverter

Voo Voo

VIN Vourt

Regions: Voo Vin
i. v,y is LOW and vg,ris HIGH.

IVout’ (Vin)| < 1, magnitude of slope is less than one.

ii. Transition Region (Stay out for Logic Applications).
IVout' (Vin)| > 1, magnitude of slope is greater than one.

iii. v,y is HIGH and v, 1is LOW.

IVout’ (Vin)| < 1, magnitude of slope is less than one.



A General Inverter

VouTt
VDD VDD
VOH
VIN Vourt
VOL
VvV, V, Van V
Parameters L TH DD TIN

Vot Output High Voltage: Vo= vour(0)

Voo Output Low Voltage: Vo, = Vout(Vop)

V,.: Input Low Voltage: 1st point where v 1’ (V) = -1
V. Input High Voltage: 2" point where vg 1’ (V) = -1

V. and V, are interpreted as values of v, that define the edges of the
transition region, vo,1’(V,\) crosses -1.



logic diagram (positive logic)

recommended operating conditions (see Note 3) 1A >o 1Y
SN5404 SNT404
MIN NOM MAX| MIN NOM MAX UNIT 2A >:‘, 2y
e O -z oo oL
VIH High-level input voltage 2 2 W 1A >Q 3y
ViL Low-level input voltage 0.8 08 W
Iun r Ill_.|l ISyl I'.H.dl. LE IR Rl L L L LRl et
oL Low-level output cument 16 16] mA 44 > 4
Ta Operating free-air temperature -55 125 1] 70 *C
MOTE 3: All unused inputs of the device must be held at Vioe or GND to ensure proper device operation. Refer to the Tl application report, 5A >3 5Y
Implications of Slow or Floating CMOS Inputs, literature number SCBAODS.
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted) voT
" SN5404 SNT404
PARAMETER TEST CONDITIONS UNIT
MIN TYPS MAX| MIN TYPS MAX
LT - Ad o e RAIRI L A B e 4 £ 4 C LW |
VigH Voo = MIN, Vi =08V, Igy=-04mA 24 34 24 34 W
ViaL Voo = MIN, ViH=2V, lgL = 16 mA 02 04 02 04| W
IIH Vor = MAX, V=24V 40 40| paA
i Voo = MAX, V=04V -16 -16] ma
logT Voo = MAX -20 -55| -18 -55| maA
lccH Voo = MAX, ITELY [ 12 3 12 maA
ICeL Vor = MAX, V=45V 18 a3 18 33| ma

¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§ AN typical values are at Vo =5V, Ta = 25°C.

fINot more than one output should be shorted at a time. https:/iwww.ti.com/lit/ds/symlink/sn74ahcu04-ep.pdf?ts=1679658099795

As long as the input is at least 2.0V, the input is registered high and the output will be low
with a voltage that is at most 0.4V. (v, > 2.0, vo 1< 0.4)

As long as the input is at most 0.8V, the input is registered low and the output will be high
with a voltage that is at least 2.4V. (v, < 0.8, voy1 > 2.4)

Why are these values important?



08 20 Vpp vy

As long as the input is at least 2.0V, the input is registered high and the output will be low
with a voltage that is at most 0.4V. (v, > 2.0, vo ;7 < 0.4)

As long as the input is at most 0.8V, the input is registered low and the output will be high
with a voltage that is at least 2.4V. (v|, < 0.8, voyr > 2.4)

Why are these values important?
What if V,,, was actually 1.8V?



A General Inverter

VDD VDD

As long as the input is at least 2.0V, the input is registered high and the output will be low
with a voltage that is at most 0.4V. (v, > 2.0, vo ;7 < 0.4)

As long as the input is at most 0.8V, the input is registered low and the output will be high
with a voltage that is at least 2.4V. (v, < 0.8, vo 1 > 2.4)

Why are these values important?
What if V,,, was actually 1.8V?



A General Inverter

NOISE MARGIN: The maximum magnitude of noise that
the circuit can tolerate to ensure v, stays out of the
transition region.

NM, : when v, is the ideal high input, V.
NM,: when v, is the ideal low input, O.
NM: The minimum value of NM, or NM,,.



A General Inverter

Voo NOISE: vN Voo

Vini VouT1 Vin2 VourT2

NM,:
Vint = Vop

Vout1 = VoL
Vinz = VoL F VNI < VL

Vn <ViL—=VoL=NM,



A General Inverter

Voo NOISE: vN Voo
Vina VouT1 Vinz Vour2
NM,.:
Vine =0
Vout1 = Vou

Vinz = Vou = IVnl > Vi

Vn < Vou—Vin=NM,




A General Inverter

VDD
VIN Vourt
Parameters

Vou: Output High Voltage:
Vo @ Output Low Voltage:
V,.: Input Low Voltage:
V,4: Input High Voltage:
NM_: Noise Margin Low:
NM,,: Noise Margin High:
NM: Noise Margin:

Vour

V:E’Lm
The ldeal Inverter
achieves the
maximum NM.

Vou=Vour(0)

Vo= Vout(Voo)

1st point where v’ (Vi) = -1
2 point where v’ (Vi) = -1

NM_ =V, -VoL
NM, =Vou—-Viu
NM = min(NM_,NM,,)



Implementation

NMOS Inverter
VDD
Voo Cutoff

Vin < Vin

RD Vour = Voo

v Saturation

ouT Vout > Vin-Vin
Vout = Vpp-0.5RpK,(ViN-Vin) 2
VIN

Triode (small vgp)
Vout < ViN-Vin
Vout = Vpp/(1+Rpk,(Viy = Vi)




NMOS Inverter

V=4V

R, = 470Q

k, = 130mA/V2
V,, =1.62V




NMOS Inverter (models)

ros = 1/(K,(Vpop-Vin))




vy is LOW, Basic Inverter
Switch is OPEN, NMOS Inspired

Not Conducting,
Vour IS HIGH.
Voo Voo
Rp Rp
Vourt Vourt

| FPDN

vy is HIGH,
Switch is CLOSED.
Conducting,

Vout IS LOW.

reon = Fos = 1/(K,(Vpp-Vin))

Po=Vpp2/(Rp*repn)



PMOS Inverter

Notes:
Vin = Vob — Vse
Vout = Voo — Vsp = Rpip

As v, (or VDD - v4s) increases from zero to V.
Modes: triode, saturation, cutoff

Triode

Vsp < Vsg=| Vil
VooVout < Voo-Vin| Vil
Vout > Vin*HI Vil

Saturation
Vout < VinHI Vil

Cutoff

Vse < Vil
Voo-Vin < Vil
Vin> VoI Vil



PMOS Inverter Notes:

Vin = Vob — Vse
Vout = Voo — Vsp = Rpip

As v, (or VDD - v4s) increases from zero to V.
Modes: triode, saturation, cutoff

Voo VouT Triode (small vgp)

Vout > VinHI Vil

Vout = RpKy(Vop-Vin-IVipl) (Voo-Vour)
Vout = Voo/(1+1/(Rpk, (Vpp-Vin-IVipl))

Saturation

Vout < ViNHI Vil

Voutr = 0°5Rka((vDD'Ivtp|)'VIN)2
Voutr = 0'5Rka(VIN'(vDD'Ivth))2

>“‘1 - Cutoff

vV 9 Vin> VoI Vil
@3 Vour=0

>0




PMOS Inverter (models)

At v, =0
rsp = 1/(ky(Vop-Vipl))

Voo Vout Voo

Voo
v
IN N
oo S oo
Vour . Vour
73
Ro £3 Rp




vy is LOW, Basic Inverter
Switch is CLOSED, PMOS Inspired

Conc!ucting, v
Vour IS HIGH. DD
VDD
Feun
wo-l JY \22.-|
Vourt Vourt
Rp Rp

Feun = Fsp = 1/(Ky(Vpp1Vil))

Po=Vpp2/(Rp*+rpyn)

vy is HIGH,
Switch is OPEN.
Not Conducting,
Vout IS LOW.



CMOS Inverter

Vourt



CMOS Inverter (models)

Atv,=0
rsp = 1/(ky(Vpp1Vil))
Voo Voo
VIN
O-O-I F'sp
VouTt VIN Vourt
VIN

ros = 1/(K,(Vpp-Vin))



vy is LOW, Basic Inverter v,,is HIGH,
PMOS is conducting, CMOSIinspired = NMOS is conducting,
Vout IS HIGH. Vout IS LOW.
DD
VDD
r

\'/
Voo
PUN ;

VIN VIN
o-o-| FpuN o-o-|

Vourt VIN Vourt Vourt
VIN VIN
oo oo 2 r.n

| FPDN

Pp= Pp=
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