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LV1T Family of Single Supply Translators

Chris Cockrill, Ryan Land Analog HVAL SLL

ABSTRACT

The LV1T family of devices is unique, combining a wide V,, range with a wide V. range. The LV1T family
was created to allow up or down voltage translation with only one power rail. The family has overvoltage-
tolerant inputs that allow down translation from 5.5 V to V¢, which can be as low as 1.8 V. This family has
an optimized and balanced output drive of 7 mA at 3.3-V Vcc, which reduces line reflection, over/under-
shoot, and eliminates the need for a damping resistor.

Compared to other logic families, the LV1T family is the most well-rounded and universal in terms of
specifications. While there are other logic devices with wide-V,, TTL inputs, the LV1T family also has the
widest V. range.

The family also has a lowered switching threshold that allows it to translate up to the Vcc level, as high as
5.5 V. See the following chart for the allowable translation levels.
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Vce INPUT OUTPUT Vce INPUT OUTPUT
UP 1.2V 1.8V
Down 1.8V 1.8V 1.8V 25V
25V 33V 33V 33V
33V 5V
5V
Vcce INPUT OUTPUT Vcce INPUT OUTPUT
1.8V 25V
25V 25V 25V 33V
33V 5V 5V 5V
5V

Advantages of Using the LV1T Gates and Buffers to Translate
1. Ease of use, with just a single power supply
Small packages (DCK package is 2 mm x 1.25 mm, 46% smaller than DBV)
No pullups or pull downs required
Optimized output driving capability
5-V tolerance for Industrial applications
6. Space and BOM savings (the gate can translate by itself, rather than using the gate plus translators)

akrwn

Translating Down

Using these parts to translate down is very simple. Because the inputs are tolerant to 5.5 V at any valid
Vcc, they can be used to down translate. The input can be any level above Vcc and up to 5.5 V, and the
output equals the Vcc level, which can be as low as 1.8 V. One advantage to down translating using this
part is that the ICC current remains less than or equal to the specified value. The current draw when
translating can be seen in Figure 2.

Down translation possibilities with LV1T family:
With 1.8-V Vcc from 2.5V, 3.3V, or5V downto 1.8 V.

With 2.5-V Vcc from 3.3 V,t0 5V down to 2.5 V.
With 3.3-V Vcc from 5 V down to 3.3 V

Translating Up

Using the LV1T family to translate up is very simple. The input switching threshold is lowered, thus the
high level of the input voltage can be much lower than a typical CMOS V,,. For example, if the Vcc is 3.3-
V, the typical CMOS switching threshold would be VCC/2 or 1.65 V. Thus the input high level must be at
least Vcc x 0.7 or 2.31 V. On the LV1T devices, the input threshold for 3.3-V Vcc is approximately 1 V.
This allows a signal with a 1.8-V V,, to be translated up to the Vcc level of 3.3 V. See an example of this
in Figure 1.

With 2.5-V Vcc from 1.8 Vto 2.5V

With 3.3-V Vcc from 1.8 Vor25Vto 3.3V

With 5-V Vec from2.5Vor3.3Vto5V
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3.3V Vout

3V Vout

Figure 1. Switching Threshold with 3.3-V Vcc
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Because these parts are CMOS, there is more Icc current consumption only when the input is lower than
Vcc and signal translating. An example of this is shown in Figure 2.

3.3V vin

1.00e-02
Vce
1.8V 25v 3.3V 5V

8.00E-03 /
6.00E-03
4 O0E-03 e 3.3V VCC
2.00E-03
0.00E+00 ; !

0 2 4 6

lcc 240ua 0.4ua 0.01na 0.4ua
Figure 2. Power Consumption when Translating
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Example Application 1: PWM with Filter

An application where the LV1T can be useful is in a PWM translation application. In this example, the
amplifier accepts a 5-V PWM into its input filter, but the MCU can only supply 3.3 V on its GPIOs. The
SN74LV1T34 is used in this example to translate the PWM signal to a 5-V level. It also serves to isolate
the MCU from excess line capacitance, making the signal cleaner at higher speeds.

1.8V 3.3V
]
- 1 5

T 1svewm | € Vee SV P
| |
| |
| MCU ————— |2 |gN74aLviT34 | 4 NN +
[ | 2 v ) 1 — Output
I : Filter —— -
|
e = GND

3
—

Figure 3. Example Schematic for LV1T PWM Circuit
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Example Application 2: PGOOD Circuit

In this example, the engineer wants to send a signal to the MCU when both power ICs have been ramped
to their appropriate output levels. Normally, this application would require an AND gate, combined with
appropriate translators for each level. The SN74LV1T08 positive AND gate can accept input voltages
different than VCC, even when the A and B inputs are at different levels. The LV1T device replace allows
the engineer to use a single device in the place of the AND gate and translators, which could have
previously required up to three devices.

LV1T functions as AND +

3
v u

translator

-0~ I 3.3V
| |
| |
| PowerIC |PGOOD (1.8V)
A 5
| | . e |
| | cc I I
| | 2 I I
I ! ! PGOOD (3.3V) | |

SN74LV1TO8 | 4 . MCU |

| |

T | 1 v | |
| | B | |
I I GND L a
|
| PowerlC FocooDp (5 v)
|
|
|

Figure 4. PGOOD Circuit with LV1T Acting as Several Devices

Conclusion

The LV1T family of devices is a simple way to perform a function and translate to another voltage level,
whether translating up or down.

There will be a small amount of extra power consumption when translating up: consult the datasheet
specs if the power consumption is critical, as in a battery-powered device.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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