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CPE 1500

 Logic levels

* The voltages on the inputs and outputs of logic gates that
cause them to operate properly

* Input Logic Levels
e V, — Voltage Input Low

* The largest voltage on the input of a logic gate that the gate
guarantees to see as a logic 0 input

* V,, — Voltage Input High

* The smallest voltage on the input of a logic gate that the gate
guarantees to see as a logic 1 input

e Output Logic Levels
e V, — Voltage Output Low

* The largest voltage on the output of a logic gate that represents a logic
0 output

* V,, — Voltage Output High

* The smallest voltage on the output of a logic gate that represents a
logic 1 output
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e 3.3V Example
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e 3.3V Example

Voo, Vee, 3.3V -1

2.4V -r

TD 2.0V -t
A

3.3V (1) 3

Gnd Gnd DY iy

0.4V -+

Gnd, 0.0V

Allowed values of
output voltage for
alogical 1

VIL
Allowed values of
output voltage for

3 fogical0

Inverter 1 guarantees the output voltage at A will be no more than 0.4V

Inverter 2 guarantees to accept any voltage at A that is less than 0.8V will be seenasa 0

This leaves 0.4V of margin for error in the gates ‘guarantees’ = Noise margin
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e 3.3V Example

Voo, Vee, 3.3V -1

2.4V -1
VTD VTD 2.0V -r

A

0.0V (0) 1)
Gnd Gnd 0SV o

0.4V -+

Gnd, 0.0V

Allowed values of
output voltage for
alogical 1

VIL
Allowed values of
output voltage for

3 fogical0

Inverter 1 guarantees the output voltage at A will be no less than 2.4V

Inverter 2 guarantees to accept any voltage at A that is more than 2.0V will be seenasa 1

Allowed values of
input voltage for a
logical 1

Allowed values of
input voltage for a
logical 0

This leaves 0.4V of margin for error in the gates ‘guarantees’ = Noise margin
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* Noise Margin
* The voltage difference between

* VgyandV NM
* Vo andV, NM

Low

e Common issues with the ‘guarantees’ of the logic gates
1. Supply voltage variations

2.  We have greatly simplified out logic gates, some gates require
current at the inputs. This input current causes a voltage drop
inside the driving gate, reducing the output voltage

* Limits the number of gates that can be driven
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e Common Technology Logic Levels

5V CMOS
(HC
AHC
AC)
V
B0, Is.oo
Voh|| ¥ 4.44
4.0 -
Vih 3.50
3.0_ ...................
NS LB 2.50
2.0 1
Vil 1.50
1.0
Vol Io.so
0.0- Gnd 0.00
Compa-
tibility: =
CPE 1500

5V TTL

TTLin / CMOSout

(ACT, HCT
AHCT)

I 5.00
4.44

Vcc

Voh

Y

5V TTL
(STD
H, LS

HS, ALS)

Vcc _ 5 00

Vil 0.80
Gnd 0.00

Sl

3.3V

L

~ " (5V-tolerant inputs!)

L
Call

2.5V 1.8V CMOS
TTL & CMOS TTL & CMOS (AVC)
(LV,
LvVT
ALVT
LVC,
ALVC)
Vcc 3.30
................... I3 OO
Voh Vec 2.50
2.40 V0h|:|l2,3o
Vih 2.00
Vih 1.70 Vecec - m 1.80
Vt ........ 150 VOh 1 35
Vt ........ 1.20 Vih | 1'.17
MR 0 50l M Uil o0 T 2o
Vol |:|I 0.40 Vol |:|I 0.40 Vol I 0.45
Gnd 0.00 Gnd 0.00 Gnd 0.00

Data source: EETimes, A brief recap of popular logic standards (Mark Pearson, Maxim).
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