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LEVEL SHIFTING

A 33V chip and a 5V chip cannot always share a line safely. What logic levels are, the risk of over-voltage, and
the kinds of level shifter to use.

A 3.3 Vchipandab V chip cannot always share a signal wire safely, and a level shifter is the part that translates
between them. Before you connect two parts, check their logic levels, because driving a 3.3 V input with 5 V can

damage it.

LOGIC LEVELS

A digital line stands for a 1 or a 0 by its voltage. Each input has a threshold above which it reads high (VIH) and
below which it reads low (VIL). A3.3 Vpartanda 5 V part have different thresholds, so a level that reads clearly
high to one can sit in the undefined middle of the other.

= SparkFun. Serial Communication (logic levels, 3.3 V vs 5 V).

THE RISK, AND WHEN YOU CAN SKIP IT

The danger runs one way. Feedinga 5 V outputintoa 3.3 \ inputcan push the pin past its maximum rated voltage
and degrade it over time. Going the other way,a 3.3 V outputintoa 5 V input, is usually safe electrically, though it
may not reach the higher part's high threshold. Some pins are 5 V tolerant and need no shifter at all; the datasheet

says which ones.

KINDS OF SHIFTER

For a slow one-way input, a resistor divider can knock 5 V down to about 3.3 V. For a bidirectional bus like 12C,
a single MOSFET per line shifts both directions at once, and for anything fast a dedicated level-translator IC does

the job cleanly.

= SparkFun. Bi-Directional Logic Level Converter Hookup Guide (MOSFET shifter for [12C).

Vout = Vinx R2 / (R1 + R2)
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https://learn.sparkfun.com/tutorials/serial-communication
https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-guide
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DEEP DIVE - WHY A DIVIDER ONLY WNORKS FOR SLOWl SIGNALS

A resistor divider drops the voltage, but the capacitance of the wire and the receiving input forms an RC with those
resistors, so the shifted signal rounds off and slows down. At a few kilohertz that is fine; at megahertz the edges
smear and the data is lost. That is why a divider suits a slow enable line or a low-baud UART, and a fast bus wants
an active translator that drives both edges hard. The same RC idea sizes an anti-alias filter in the reactive-parts

guide.

A LINE CROSSING FROM A 5 V DOMAIN TO A 3.3 V DOMAIN THROUGH A LEVEL SHIFTER.

On a One Thousand Drones boarda 3.3 V microcontroller readsa 5 V-tolerant input directly where the datasheet
allows it, and gets a shifter only where a part truly runs at a different level. Checking the levels first is what keeps

a pin from slowly failing.

CHECKPOINT

1. Why can drivinga 3.3 V pin with 5 V be a problem?
a. It can exceed the pin's maximum rating and damage it
b. It makes the signal too slow
c. It shorts the two grounds

ANSWER - A

Over-voltage on a pin can push it past its absolute maximum and degrade or destroy it over time.

2. For a bidirectional I2C bus, a common level shifter is which of these?
a. A single resistor
b. A diode in series
c. A MOSFET per line

ANSWER - C
A single MOSFET per line shifts both directions, which is what a bidirectional bus like 12C needs.

3. When can you skip a level shifter entirely?
a. Never, always shift
b. When the input pin is rated 5 V tolerant
c. When the wire is short

ANSWER - B
A 5 V-tolerant input can take the higher level safely, so no shifter is needed, the datasheet says which pins qualify.

= Prerequisite: voltage dividers
= Related: reactive parts and filtering

= Next: pull-ups, pull-downs, and the idle line
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